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L. 

LABDANUM,  or  Ladanvm,  is  an  unctoous  resin,  of  an  agreeable  odor,  found  be- 
smearing* the  leaves  and  twigs  of  the  cystus  creticusy  a  plant  which  grows  in  the  island 
of  Candia,  and  in  Syria*  It  is  naturally  a  dark-brown  soft  substance,  but  it  hardens  on 
keeping.  Its  specific  gravity  is  1*186.  It  has  a  bitter  taste.  Its  chid*  use  is  in  surgery 
for  making  plasters. 

LABRADORITE,  opaline,  or  Labradore  feklspar,  is  a  beautiful  mineral,  with  brilliant 
changing  colors,  blue,  red,  and  green,  Slc.  Spec.  grav.  2*70  to  2*75.  Scratches  glass ; 
afibrds  no  water  by  calcination  ;  fusible  at  the  blowpipe  intp  a  frothy  bead ;  soluble  in 
muriatic  acid ;  solution  affoids  a  copious  precipitate  with  oxalate  of  ammonia.  Cleav- 
ages of  93|^  and  86)*' ;  one  of  which  is  brilliant  and  pearly.  Its  constituents  are  silica, 
5&*76 ;  alumina,  26*5;  lime,  11 ;  soda,  4 ;  oxyde  of  iron,  1*25;  water,  0*5. 

LABYKINTH,  in  metallurgy,  means  a  series  of  canals  distributed  in  the  sequel  of 
a  ttamping-mill ;  through  which  canals  a  stream  of  water  is  transmitted  for  suspend- 
ing, carrying  off,  and  depositing,  at  different  distances,  the  ground  ores.    See  Mktal- 

LUaOT. 

LAC,  LAC-DYE  (Laque,  Fr. ;  Lack,  Lackfarteny  Germ.).  Stick-lac  is  produced  by 
the  puncture  of  a  peculiar  female  insect,  called  coccus  lacca  or  ficus,  upon  the  branches 
of  several  plants ;  as  the  ftcus  religiosa,  the  ftcus  ttuiica,  the  rkammua  jujvbay  the  crotm 
lacciferum,  and  the  butea  frondosa,  which  grow  in  Siam,  Assam,  Pegu,  Bengal,  and  Mal- 
abar. The  twig  becomes  thereby  incrusted  with  a  reddish  mammelated  resin,  having  a 
crystalline-looking  fracture. 

The  female  lac  insect  is  of  the  size  of  a  louse ;  red,  round,  flat,  with  12  abdominal 
circles,  a  bifurcated  tail,  antennae,  and  6  claws,  half  the  length  of  the  body.  The  male  is 
twice  the  above  size,  and  has  4  wings ;  there  is  one  of  them  to  5000  fenudes.  In  Novem- 
ber or  December  the  young  brood  makes  its  escape  from  the  eggs,  lying  beneath  the  dead 
body  of  the  mother;  they  crawl  about  a  little  way,  and  fasten  themselves  to  the  baik  of 
the  shrubs.  About  this  period  the  branches  often  swarm  to  such  a  degree  with  this  ver- 
min, that  they  seem  covered  with  a  red  dust ;  in  this  case,  they  are  apt  to  dry  up^ 
by  being  exhausted  of  their  juices.  Many  of  these  insects,  however,  become  the 
prey  of  others,  or  are  carried  off  by  the  feet  of  birds,  to  which  they  attach  themselves, 
and  are  transplanted  to  other  trees.  They  soon  produce  small  nipple-like  incrusta- 
tions upon  the  twigs,  their  bodies  being  apparently  glued,  by  means  of  a  transparent 
liquor,  which  goes  on  increasing  to  the  end  of  March,  so  as  to  form  a  cellular  texture. 
At  this  time,  the  animal  resembles  a  small  oval  bag,  without  life,  of  the  size  of  cochineal. 
At  the  commencement,  a  beautiful  red  liquor  only  is  perceived,  afterwards  eggs  make 
their  appearance ;  and  in  October  or  November,  when  the  red  liquor  gets  exhausted,  20 
or  30  young  ones  bore  a  hole  through  the  back  of  their  mother,  and  come  forth.  The 
empty  cells  remain  upon  the  branches.  These  are  composed  of  the  milky  juice  of  the 
plont,  which  serves  as  nourishment  to  the  insects,  and  which  is  afterwards  transformed 
or  elaborated  into  the  red  coloring  matter  that  is  found  mixed  with  the  resin,  but  in 
greater  quantity  in  the  bodies  of  the  insects,  in  their  eggs,  and  still  more  copiously  in  the 
red  liquor  secreted  for  feeding  the  young.  After  the  brood  escapes,  the  cells  contain 
much  less  coloring  matter.  On  this  account,  the  branches  should  be  broken  off  before 
this  happens,  and  dried  in  the  juq-  la  the  Ea^t  Jndies  thif  operation  is  performed  twice 
in  the  year ;  the  first  time  in  MpJtn,  t9«;  sf;contl  in  October*  The  twigs  incrusted  with 
the  radiated  cellular  substance  c6ii6tittite  the  ttickAot:  of  commerce.  It  is  of  a  red 
color,  more  or  less  deep,  nearly  transwtrejis,  «q).d  h^rd^  with  a  brilliant  conchoidal  fi«cture. 
The  stick-lac  of  Siam  is  the  best ;  ^a  piece  of  it  presented  to  me  by  Mr.  Rennie,  of  Fen- 
ehurch-street,  having  an  incrustation  fully  one'  quaiier  of  an  inch  thick  all  round  the 
twig.  The  stick-lac  of  Assam  ra^ks  next  f^  ancilasl,  that;  of  Bengal,  in  which  the  resinous 
coat  is  scanty,  thin,  and  iiregulK^  :  4^^lMPff't«' U)i»  ^loalyns  of  Dr.  John,  stick-lac 
eonsists,  in  120  parts,  of— 


An  odorous  common  resin    -  .  - 

A  resin  insoluble  in  ether     -  .  . 

Coloring  matter  analogooa  to  that  of  f^hm^i 
Bitter  balsamic  matter  ... 

Dun  yellow  extract  .  •  .  • 

Add  of  the  stick-lac  (lacdc  add)    - 
Fatty  matter,  like  wax         ... 
SiiiL  of  the  insects  And  colocinff  jnattar        • 
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a^ 

0*50 
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According  to  Fnmke,  the  constituents  of  stick-lac  are,  resin,  65*7 ;  substance  of  the 
lac,  28*3  ;  coloring  matter,  0*6. 

Seed-lac, — When  the  resinous  concretion  is  taken  off  the  twigs,  coarsely  pounded,  and 
triturated  with  water  in  a  mortar,  the  greater  part  of  the  coloring  matter  is  dissolved,  and 
the  granular  portion  which  remains,  being  dried  in  the  sun,  constitutes  seed4ac.  It  con- 
tains of  course  less  coloring  matter  than  the  stick-lac,  and  is  much  less  soluble.  John 
found  in  100  parts  of  it,  resin,  66*7;  wax,  1*7;  matter  of  the  lac,  16-7;  bitter  balsamic 
matter,  2*5;  coloring  matter,  3-9 ;  dun  yellow  extract,  0-4 ;  envelopes  of  insects,  2*1 ; 
laccic  acid,  0-0;  salts  of  potash  and  lime,  1*0;  earths,  6-6;  loss,  4*2. 

In  India  the  seedUac  is  put  into  oblong  bags  of  cotton  cloth,  which  are  held  over  a 
charcoal  fire  by  a  man  at  each  end,  and,  as  soon  as  it  begins  to  melt,  the  bag  is  twisted 
so  as  to  strain  the  liquefied  resin  through  its  substance,  and  to  make  it  drop  upon  smooth 
stems  of  the  banyan  tree  {musa  paradisa).  In  this  way,  the  resin  spreads  into  thin 
plates,  and  constitutes  the  substance  known  in  commerce  by  the  name  of  shellac. 

The  Pegu  stick-lac,  being  very  dark-colored,  furnishes  a  shellac  of  a  corresponding 
deep  hue,  and  therefore  of  inferior  value.  The  palest  and  finest  sheUac  is  brought  from 
the  northern  Circar,  It  contains  very  little  coloring  matter.  A  stick-lac  of  an  interme- 
diate kind  comes  from  the  Mysore  country,  which  yields  a  brilliant  lac-dye  and  a  good 
shellac. 

Lac-dye  is  the  watery  infusion  of  the  ground  stick-lac,  evaporated  to  dryness,  and 
formed  into  cakes  about  two  inches  square  and  half  an  inch  thick.  Dr.  John  found  it 
to  consist  of  coloring  matter,  50 ;  resin,  25 ;  and  solid  matter,  composed  of  alumina, 
plaster,  chalk,  and  sand,  22. 

Dr.  Macleod,  of  Madras,  informs  me  that  he  prepared  a  very  superior  lac-dye  from 
stick-lack,  by  digesting  it  in  the  cold  in  a  slightly  alkaline  decoction  of  the  dried  leaves 
of  the  Memecylmi  tinctorium  (perhaps  the  M,  capitellatum,  from  which  the  natives  of 
Malabar  and  Ceylon  obtain  a  siELfiron-yellow  dye).  This  solution  being  used  along  with 
a  mordant,  consisting  of  a  saturated  solution  of  tin  in  muriatic  acid,  was  found  to  dye 
woollen  cloth  of  a  very  brilliant  scarlet  hue. 

The  cakes  of  htc-dye  imported  from  India,  stamped  with  peculiar  marks  to  designatft 
their  different  manufacturers,  are  now  employed  exclusively  in  England  for  dyeing 
scarlet  cloth,  and  are  found  to  yield  an  equally  brilliant  color,  and  one  less  easily 
affected  by  perspiration  than  that  produced  by  cochineal.  When  the  lacdye  was  first 
introduced,  sulphuric  acid  was  the  solvent  applied  to  the  pulverized  cakes,  but  as  mu- 
riatic acid  has  been  found  to  answer  so  much  better,  it  has  entirely  supplanted  it.  A 
good  solvent  (No.  1)  for  this  dye-stuff  may  be  prepared  by  dissolving  three  pounds  of  tin 
in  60  pounds  of  muriatic  acid,  of  specific  gravity  1*19.  The  proper  mordant  for  the 
doth  is  made  by  mixing  27  pounds  of  muriatic  acid  of  sp.  grav.  1*17,  with  1|  pounds 
of  nitric  acid  of  1*19;  putting  this  mixture  into  a  salt-glazed  stone-bottle,  and  adding 
to  it,  in  small  bits  at  a  time,  grain  tin,  till  4  pounds  be  dissolved.  This  solution  (No.  2) 
may  be  used  within  twelve  hours  aAer  it  is  made,  provided  it  has  become  cold  and  clear. 
For  dyeing,  three  quarters  of  a  pint  of  the  solvent  No.  1  is  to  be  x)Oured  upon  each 
pound  of  the  pulverized  lac-dye,  and  allowed  to  di^est^uxxm  it  for  six  hours.  TTie  cloth, 
before  being  subjected  to  tl^p  d^bath^Vitfst*J[>eb  sooufs(^  i^  the  mill  with  fullers'  earth. 
To  dye  100  pounds  of  pelis8ctch)ib^a,tin*  boilef'oT  3(}^  jj^ons  capacity  should  be  filled 
nearly  brimful  with  water;  ftitd  'a  fire  Sindle^  under  it.  Whenever  the  temperature 
rises  to  150P  Fahr.,  a  handf\il  of^b^  aa^^ralf  •d',^int  of  the  solution  of  tin  (No.  2) 
•re  to  be  introduced.  The  flrotji,  .nfthici  vije^  ,as  jt  approaches  ebullition,  must  be 
skimmed  off;  and  when  the  liquor^bo^,'  )5i  p^ui)(j^(Mr  Jack-dye,  previously  mixed  with  7 
pintsof  the  solvent  No.  1,  and  ^l;']|Di|n^.  or.^cAnQOn  Cf  tin  Ni.  2,  must  be  poured  in. 
An  instant  aAerwards,  10|  pounos  qCf^fteXsMlA^wSis  of  ground  sumach,  both  tied  up 
in  a  linen  bag,  are  to  be  suspended  in  the  boiling  bath  for  five  minutes.  The  fire  being 
now  withdrawn,  20  gallons  of  cold  water,  with  lOj^  pints  of  solution  of  tin,  being  poured 
into  the  bath,  the  cloth  is  to  be  immersed  in  it,  moved  about  rapidly  during  ten  minutes ; 
the  fire  is  to  be  then  rekindled,  and  the  cloth  winced  more  slowly  through  the  bath, 
which  must  be  made  to  boil  as  quickly  as  possible,  and  maintained  at  that  pitch  for  an 
hour.  The  cloth  is  to  be  next  washed  in  the  river ;  and  lastly,  with  water  only,  in  the 
fulling  mill.  The  above  proportions  of  the  ingredients  produce  a  brilliant  scarlet 
tint,  with  a  slightly  purple  cast.  If  a  more  orange  hue  be  wanted,  white  Florence  argal 
may  be  used,  instead  of  tartar,  and  some  more  sumach.  Lac-dye  may  be  substituted  for 
cochineal  in  the  orange-scarlets;  but  for  the  more  ddicate  pink  shadeti  it  does  not 
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answer  so  well,  as  the  lustre  is  apt  to  be  impaired  by  the  large  quantity  of  acid  necessary 
to  dissolve  the  coloring  matter  of  the  lac. 

SheUac,  by  Mr.  Hatchett's  analysis,  consists  of  resin,  90-5;  coloring  matter,  0*5  j 
wax,  4*0;  gluten,  2*8;  loss,  1*8)  in  100  parts. 

The  resin  may  be  obtained  pure  by  treating  shellac  with  cold  alcohol,  and  filtering 
the  solution  in  order  to  separate  a  yeUow  gray  pulverulent  matter.  When  the  alcohcd 
is  again  distilled  off,  a  brown,  translucent,  hard,  and  brittle  resin,  of  specific  gravity 
1*139,  remains.  It  melts  into  a  viscid  mass  with  heat,  and  dififuses  an  aromatic  odor. 
Anhydrous  alcohol  dissolves  it  in  all  proportions.  Acccnding  to  John,  it  consists  of  two 
resins,  one  of  which  dissolves  readily  in  alcohol,  ether,  the  volatile  and  fat  oils ;  while 
the  other  is  little  soluble  in  cold  alcohol,  and  is  insoluble  in  ether  and  the  volatile  oils. 
Unverdorben,  however,  has  detected  no  less  than  four  dififerent  resins,  and  some  other 
substances,  in  shellac  Shellac  dissolves  with  ease  in  dilute  muriatic  and  acetic  acids; 
but  not  in  concentrated  sulphuric  acid.  The  resin  of  shellac  has  a  great  tendency 
to  combine  with  salifiable  bases ;  as  with  caustic  potash,  which  it  deprives  of  its  alkaline 
taste. 

This  solution,  which  is  of  a  dark  red  color,  dries  into  a  brilliant,  transparent,  reddish 
brown  mass ;  which  may  be  re^issolved  in  both  water  and  alcohoL  By  passing  chlorine 
in  excess  through  the  dark-colored  alkaline  solution,  the  lac>resin  is  precipitated  in  a 
colorless  state.  When  this  precipitate  is  washed  and  dried,  it  forms,  with  alcohol,  an 
excellent  pale-yeUow  varnish,  especially  with  the  addition  of  a  little  turpentine  and  mastic 

With  the  aid  of  heat,  shellac  dissolves  readily  in  a  solution  of  borax. 

The  substances  which  Unverdorben  found  in  shellac  are  the  following : 

1.  A  resin,  soluble  in  alcohol  and  ether ; 

2.  A  resin,  soluble  in  alcohol,  insoluble  in  ether ; 

3.  A  resinous  body,  little  soluble  in  cold  alcohol ; 

4.  A  crystallizable  resin ; 

5.  A  resin,  soluble  in  alcohol  and  ether,  but  insoluble  in  petroleuift^  and  uncrrt- 
tallizable. 

6.  The  unsaponified  fat  of  the  coccus  insect,  as  well  as  oleic  and  margarie  adds. 

7.  Wax. 

8.  The  lacciM  of  Dr.  John. 

9.  An  extractive  cobring  matter. 
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598,592 
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384,909 
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323,160 
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179,511 

21,707 
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49,519 

912,514 
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641,755 

91,925 

322,837 

1822 

872,967 

29,578 

349,351 

1823 

534,220 

13,050 

414,714 

1824 

604,269 

53,843 

483,339 
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1826 

541,443 
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385,734 

760,729 

68,603 

395,609 
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a. 
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I.ACCIC  ACID  crystallizM,  hu  ■  wine-jellow  color,  ■  sonr  taUe,  U  toloble  in  mur, 

■Icohol,  and  ether.    It  wai  ewracted  from  rticklac  by  Dr.  John, 

LACCINE  is  the  portion  of  ihellac  irhich  is  insolable  in  boiling  alcohol.  It  is  hrown. 
bHllIc,  translucid,  consisting  of  Bt{glanieratcd  pclltcles,  more  like  a  resin  IhaD  any  thioz 
die.    ll  is  insnluble  in  ether  and  oils.     It  has  not  been  applied  to  any  use. 

LACE  MANUFACTl  RE.  The  pillow-niade,  or  bonc-Uee,  which  rormerly  j^ve 
oerupalion  to  multitudes  of  women  in  their  own  houses,  hnii,  in  the  progress  of  me- 
cJuaical  iaTcntion,  been  nearly  superseded  by  the  bobbin-net  lace,  maitujactured  at  firKl 
by  hand- machines,  as  sloeliings  are  knit  upon  framee,  bot  recenlly  by  [he  power  of 
water  or  Bteaoi.  This  eleKHOt  tMture  ponsesses  all  the  Btrenclh  and  re^ulaiity  of  Ihi.' 
old  Buckinsham  lace,  anci  ia  far  superior  in  these  respects  lo  the  poinl-nd  and  warp  lace, 
which  had  preceded,  and  in  some  measure  paved  the  way  for  it.  Bobbin-net  may  be 
said  lo  surpass  every  other  branch  of  human  industry  in  the  complei  ingenuity  of  its 
machincrj';  one  of  Fisher's  spoiling  frames  being  as  much  beyond  [he  most  curioas 
duonoiiuiler,  in  multiplicity  of  mechJinical  device,  ai  (hel  is  beyond  a  common  roasting- 

'I'he  threads  in  bobliiD-net  lace  form,  by  their  intertwisting  and  deccussation,  regular 
heingonal  holes  or  meshes,  of  which  the  two  opposite  sides,  the  upper  and  under,  arc 
dircclod  along  Ihe  breadth  of  the  piece,  or  at  right  angles  (o  the  selvage  or  Iwrder. 
m,  fi|r.  608  shows  how,  by  the  crossing  and 

iwiEting  of  the  threads,  the  regular  six- 
sided  mesh  is  produced,  and  Ibat  the  tei- 
ture  results  Irom  the  union  of  Ihrre  sepa- 
rale  sets  of  threads,  of  which  one  set  pro- 
ceeds downwards  in  serpentine  lines,  a 
second  set  proceeds  fl-om  tlie  lefl  to  the 
right,  and  a  third  from  the  right  to  the 
lett,  both  in  slanting  directions.  These 
obliqne  threads  twist  ili*m«e1res  round  the 
vertical  ones,  and  also  cross  each  other  be- 
twixt them,  in  a  peculiar  manner,  which 
may  be  readily  understood  by  examining 
Ihe  representation.  In  comparing  bobbin- 
net  with  a  common  web,  the  perpendicalor 
threads  ia  the  figure,  which  are  parallel  lo 
the  border,  may  be  regarded  as  the  warp, 
and  the  two  teU  of  slanting  threads,  as  Ihe 
weft. 

These  warp  threads  are  extended  np  mm)  A>wn,  in  the  original  moonling  of  Ihe  piece, 
bftween  a  top  and  boltom  horizonlal  roller  or  beajn,  of  irfiich  one  is  called  the  warp 
bfam,  and  the  ether  Ihe  lace  beam,  becagse  the  warp  and  finished  lace  are  woond  upon 
them  respeclively.  These  straight  watplhncads  receive  their  contortion  &om  the  tennon 
«f  the  wen  thrends  Iwisted  obliquely  round  them  allemalel;  to  the  right  and  Ihe  left 
hutd.  Were  the  warp  threads  so  tighlly  drawn  that  they  became  infiexible,  Uu 
6ddle-atrings,  then  the  laee  would  wanne  the  appearance  shown  in  fig  609;  and 
■Ubough  this  couditioQ  does  not  really  ttiM,  il  may  kit*  lo  Illiutrate  the.stnietare  cf 
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in  the  poritfonB  a  a,  a*  a',  and  a"  a" ;  the  one  half 
b  b,b'  i',  uid  A"  t"  i  uhI  Uie  Mcond  oroesca  the 
Grit  by  rnnning  in  the  dircetkni  c  c,  or 
€  €,  lawuiU  (he  opposite  side  oT  the  fab- 
ric If  Te  pnnue  the  path  of  ■  weft 
thread,  ve  find  it  goe«  oa  till  it  reuhei 
the  outeriDOet  or  last  wiup  thread,  whieh  it 
twisls  about ;  not  once,  a»  with  the  othen, 
but  twice;  and  then  returning  towanls  the 
other  bonier,  proeeeds  in  a  reverse  direc- 
tion. Il  is  by  this  double  Ivist,  and  by  the 
remra  of  the  weft  threads,  tliaC  the  Belrage 

The  ordinary  material  of  bobbin-net  ia 
two  culloa  yarns,  oT  from  No.  ISO  to  No. 
260,  twisted  iulo  one  thread;  but  some- 
times slroaglf  twisted  single  yam  has  been 
used.  The  beaatf  of  the  fabric  depend* 
npon  the  qaality  of  the  material,  as  veil  as 
the  regularily  and  smallness  of  the  meshes. 
The  number  of  warp  threads  in  a  yard  in 
breadlb  is  fnim  600  to  900 ;  which  is  equJTaleni  to  from  20  to  30  in  an  inch.  The  «iie 
of  the  holes  cannot  be  exactly  inferred  from  that  eireumstance,  a«  it  depends  ponly  upon 
the  obUtue  traction  of  the  direads.  The  breadth  of  the  pieces  of  bobbin-net  varia 
from  edgings  of  a  quarter  of  au  inch,  to  webs   (2,  or  even  20  qoarlers,  that  is,  5  yard* 

Bobbin-net  lace  is  manufactured  by  means  of  very  costly  and  complicaten  machines, 
railed  frataa.  The  limits  of  this  Dictionary  will  admit  of  an  explanation  of  no  more 
than  the  general  principles  of  the  manufacture.  The  threads  for  crossing  and  twisting 
round  the  warp,  being  previaualy  gassed,  that  is,  freed  from  loose  fibres  by  singeing  with 
ga^  are  wound  round  small  pulleys,  caUed  bobbins,  which  are,  with  this  view,  deeply 
grooved  in  their  periphery.    Figt.  610,  Gtt  exhibit  the  bobbin  alone,  and  with  its  carriage. 


In  the  aeetion  of  the  bobbin  ii,/ig.  610,  the  deep  groove  is  shown  in  whieh  the  thread  i* 
wound.  The  bobbin  consists  of  two  thin  discs  of  bress,  cut  out  in  a  stamp-press,  in  the 
middle  of  each  of  whieh  there  is  a  hoUow  space  i.  These  dists  are  riveted  together,  leaving 
an  interval  between  their  edge  all  round,  in  which  the  thread  is  coiled.  The  round  hde 
in  the  centre,  with  the  little  notch  at  top,  serves  for  spitting  them  upon  a  fealhered  tod, 
in  order  to  be  filled  inlh  thread  by  the  rotation  of  that  rod  in  a  species  (^  reel,  called 
the  bobbin-litling  machine.  £ech  of  these  bobbins  (about  double  the  siie  of  the 
figure),  is  inserted  into  the  vacant  space  □,  of  the  carriage,  ^g.  611.  This  is  a  smaE 
iron  frame  (also  double  the  fiie  of  the  Bgore),  which,  at  t  t,  embracee  the  grooved 
liorder  at  the  bobbin,  and  by  the  pressure  of  the  spring  at  /,  prevents  il  from  falling  ont. 
This  spring  serves  liiieirise  to  apply  sufficient  friction  to  the  bobbin,  so  as  [o  prevent  it 
from  giving  off  its  thread  at  f  by  its  iMation,  unless  a  certain  smalt  force  of  traction  be 
employed  npon  the  thread.  The  curvilinear  groove  A  h,  snnk  in  each  face  or  side  at 
the  carriage,  has  the  depth  shown  in  (he  section  at  A.  This  groove  corresponds  to  Iht 
iaWval  between  the  teeth  of  the  comb,  or  ban  of  the  bolt,  in  which  each  carri^e  i* 
placed,  and  has  its  movement.  A  portion  of  thai  bolt  or  eomb  is  shown  at  a,  fig.  612, 
is  idan,  tnd  one  bar  of  a  circnlar  bolt  machine  at  b,  in  section.  If  we  suppose  two 
■oeh  combe  or  bolts  placed  with  the  ends  of  the  teeth  opposite  each  other,  bnt  a  little 
^att,  to  let  the  warp  threads  be  stretched,  in  one  vertical  plane,  between  their  ends  or 
titi^««  AaU  bavB  U  vka  «f  the  ikeletoa  of  a  bobbin-net  machine.      One  of  tkew  two 
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combs,  in  the  double  bolt  machine,  has  an  occasional  lateral  movement  called  ^ggingt 
equal  to  the  interval  of  one  tooth  or  bolt,  by  which,  aAer  it  has  received  the  bobbins, 

with  their  carriages,  into  its  teeth,  it 
can  shiA  that  interval  to  the  one 
side,  and  thereby  get  into  a  position 
to  return  the  bobbins,  with  their 
carriages,  into  the  next  series  of  in- 
terstices or  gates,  in  the  other  bolt. 
By  this  means  the  whole  series  of 
carriages  receives  successive  side 
steps  to  the  right  in  one  bolt,  and  to 
the  left  in  the  other,  so  as  to  per- 
form fet  species  o$  countermarch,  in 
the  course  of  which  they  are  made 
to  cross  and  twist  round  about  the 
vertical  warp  threads,  and  thus  to 
form  the  meshes  of  the  net. 

The  number  of  movements  re- 
quired to  form  a  row  of  meshes  in 
the  double  tier  machine,  that  is,  in  a 
frame  with  two  combs  or  bars,  and 
2  rows  of  bobbins,  is  six ;  that  is, 
the  whole  of  the  carriages  (with  their  bobbins)  pass  from  one  bar  or  comb  to  the  other 
six  times,  during  which  passages  the  different  divisions  of  bobbin  and  warp  threads 
change  their  relative  positions  12  times^ 

This  interchange  or  traversing  of  the  carriages  with  their  bobbins,  which  is  the  meet 
difficult  thing  to  explain,  but  at  the  same  time  the  most  essential  principle  of  the  lace- 
machine,  may  be  tolerably  well  understood  by  a  careful  study  of  fig.  613,  in  which  the 
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simple  line  |  represents  the  bolts  or  teeth,  the  sign  f  the  back  line  of  carriages,  and  the 
sign  f  the  front  line  of  carriages,  h  is  the  front  comb  or  bolt  bar,  and  i  the  back  bolt 
bar.  The  former  remains  always  fixed  or  stationary,  to  receive  the  carriages  as  they  may 
be  presented  to  it  by  the  shogging  of  the  latter.  There  must  be  always  one  odd  carriage 
at  the  end  ;  the  rest  being  in  pairs. 

No.  1  represents  the  carriages  in  the  front  comb  or  bar,  the  odd  carriage  being  at  the 
left  end.  The  back  line  of  carriages  is  first  moved  on  to  the  back  bar  i,  the  odd 
carriaere,  as  seen  in  No.  1,  having  been  left  behind,  there  being  no  carriage  opposite  to 
drive  it  over  to  the  other  comb  or  bar.  The  carriages  then  stand  as  in  No.  2.  The  bar 
I  now  shifls  to  the  left,  as  shown  in  No.  3 ;  the  front  carriages  then  go  over  into  the 
back  bar  or  comb,  as  is  represented  by  No.  4.  The  bar  i  now  shifts  to  the  right,  and 
gives  the  position  No.  5.  The  front  carriages  are  then  driven  over  to  the  front  bar,  and 
leave  the  odd  carriage  on  the  back  bar  at  the  right  end,  for  the  same  reason  as  before 
described,  and  the  carriages  stand  as  shown  in  No.  6.  The  bar  i  next  shifts  to  the  left, 
and  the  carriages  stand  as  in  No.  7  (the  odd  carriage  being  thereby  on  the  back  bar  to 
the  left.)  The  back  carriages  now  come  over  to  the  front  bar,  and  stand  as  in  No.  8. 
The  back  bar  or  comb  i  shifts  to  the  right  as  seen  in  No.  9,  which  completes  the  traverse. 
The  whole  carriages  with  their  bobbins  have  now  changed  their  position,  as  will  be  seen 
liy  comparing  No.  9  with  No.  1.  The  odd  carriage.  No.  1  <p  has  advanced  one  step  to 
the  right,  and  has  become  one  of  the  front  tier ;  one  of  the  back  tier  or  line  <p  has 
advanced  one  step  to  the  lefl,  and  has  become  the  odd  carriage ;  and  one  of  the  front 
ones  'p  has  gone  over  to  the  back  line.  The  bobbins  and  carriages  throughout  the  whole 
width  of  the  machine  have  thus  crossed  each  other's  course,  and  completed  the  mesh  of 
net. 

The  carriages  with  their  bobbins  are  driven  a  certain  way  firom  the  one  comb  to  the 
other,  by  the  pressure  of  two  long  bars  (one  for  each)  placed  above  the  level  of  the  comb, 
until  they  come  into  such  a  position  that  their  projecting  heels  or  catches  i  iyfig.  61 1,  are 
moved  off  by  two  other  long  flat  bars  below,  calledi  the  locker  plates,  and  thereby  carried 
completely  over  the  interval  between  the  two  combs. 

There  are  six  different  syBtems  of  bobbin-act  machines.     1.  Heathcoate's  patent 
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Bftchine.  2.  Brown's  traverse  warp.  3.  Morley's  straight  bolt.  4.  Clarice's  pusher 
pruciple,  single  tier.  5.  Leaver's  machine,  single  tier.  6.  Morley's  circnlar  bolt.  All 
the  others  are  mere  variations  in  the  construction  of  some  of  their  parts.  It  is  a  remark- 
able fact,  highly  honorable  to  the  mechanical  judgment  of  Mr.Morley  of  Derby,  that  no 
machines  except  those  upon  his  circular  bolt  principle,  have  been  found  capable  of  wori£- 
ing  successfully  by  mechanical  power. 

The  circular  bolt  machine  (comb  with  curved  teeth)  was  used  by  Mr.  Morley,  for 
making  narrow  breadths  or  edgings  of  lace  inmiediately  after  its  first  invention,  and  it 
has  been  regularly  used  by  the  traide  for  that  purpose  ever  since,  in  consequence  of  the 
Inventor  having  declined  to  secure  the  monopoly  of  it  to  himself  by  patent.  At  that  time 
the  locker  bars  for  driving  across  the  carriages  had  only  one  plate  or  blade.  A  machine 
so  mounted  is  now  called  <<  the  single  locker  circular  bolt."  In  the  year  1824,  Mr. 
Morley  added  another  plate  to  each  of  the  locker  bars,  which  was  a  great  improvement 
on  the  machines  for  making  plain  net,  but  an  obstruction  to  the  making  of  narrow 
breadths  upon  them.  This  machine  is  now  distinguished  from  the  former  by  the  term 
«  double  locker."* 

A  rack  of  lace,  is  a  certain  lensrth  of  work  counted  perpendicularly,  and  contains  240 
meshes  or  holes.  Well-made  lace  has  the  meshes  a  Uttle  elongated  in  the  direction  of 
the  selvage. 

The  term  gau?e,  in  the  lace  manufacture,  means  the  number  of  gates,  slits,  or  in- 
terstices, in  one*iQch  of  the  boll-bar  or  comb ;  and  corresponds  therefore  to  the  number 
of  bobbins  in  un  inch  length  of  the  double  tier.  Thus,  wlien  we  say  *'  gauge  nine 
points,"  we  mean  that  there  are  nine  gates  with  nine  bobbins  in  one  inch  of  the  comb 
or  bolt-bar.  Each  of  such  bobbins  with  its  carriage  is  therefore  no  more  than  one  ninth 
of  an  inch  thick.  The  common  proportion  or  gauge  up  and  down  the  machine  is  16 
holes  in  the  Inch  for  ten  bobbias  transversely.  Circular  bolt  double  tier  machines  can 
turn  off  by  steam  power  fully  360  racks  each  day  of  18  hours,  with  a  relay  of  superin- 
tendents. 

The  number  of  new  mechanical  contrivances  to  which  this  branch  of  manufacture  has 
given  rise,  is  altogether  unparalleled  in  any  other  department  of  the  arts.  Since  Mr. 
Heathcote's  first  successful  patent,  in  1809,  a  great  many  other  patents  have  been  granted 
for  making  lace.  In  the  year  1811,  Mr.  Morley,  then  of  Nottingham,  invented  hit 
straight  bolt  frame,  more  simple  in  construction,  better  combined,  and  more  easy  in  its 
movements,  than  the  preceding  machines ;  but  the  modest  inventor  did  not  secure  it,  as 
he  might  have  done,  by  patent.  The  pusher  machine  was  invented  in  the  same  year,  by 
'Samuel  Mart  and  James  Clark,  also  of  Nottingham.  The  following  year  is  remarkable 
in  the  history  of  the  lace  trade,  for  the  invention  of  the  cireuiar  bolt  machine,  by  Mr. 
Morley — a  mechanism  possessing  all  the  advantages  of  his  straight  bolt  machine,  withoat 
its  disadvantages. 

Nearly  at  the  same  time  Mr.  John  Leaver  brought  forward  the  lever  machine,  con- 
jointly with  one  Turton,  both  of  New  Radford,  near  Nottingham.  About  the  year  1817 
or  1818,  Mr.  Heathcote  applied  the  rotatory  movcmement  to  the  circular  bolt  machine, 
and  mounted  a  manufactory  on  that  plan,  by  mechanical  power,  at  Tiverton,  after  he  ani 
his  partner,  Mr.  Boden,  had  been  driven  from  Loughborough,  in  1816,  by  the  atrocious 
violence  of  the  frame-destroying  Luddites. 

Such  has  been  the  progress  of  improvement  and  economy  in  this  manufacture,  that  the 
cost  of  labor  in  making  a  rack,  which  was,  twenty  years  ago,  3s,  6c2.,  or  42  pence,  is  now 
not  more  than  one  penny.  The  prices  of  thi§  beautiful  fabric  have  fallen  in  an  equally 
remarkable  manner.  At  the  former  period,  a  24  rack  piece,  five  quarters  broad,  fetched 
17/.  sterling,  in  the  wholesale  market ;  the  same  is  now  sold  for  ?«. !  The  consequenee 
18,  that  in  lace  decoration,  the  maid  servant  may  bb  now  more  sumptuously  arrayed  than 
her  mistress  could  afford  to  be  twenty  years  ago. 

LACKER,  is  a  varnish,  consisting  chiefly  of  a  solution  of  pale  shellac  in  alcohol 
tinged  with  saffron,  annotto,  or  other  coloring  matter.    See  Varnish. 

LACTIC  ACID.  (Jcide  Ladique,  Fr.;  MUchmiire,  Germ.)  This  acid  was  discovered 
hy  Seheele  in  buttermilk,  where  it  exists  most  abundaiitly ;  but  it  is  present  also  in  firesh 
odlk  in  small  quantity,  and  communicates  to  it  the  property  of  reddening  litmus.  Lactic 
moid  may  be  detected  in  all  the  fluids  of  the  animal  body ;  either  free  or  saturated  with 
alkaline  matter. 

Seheele  obtained  this  acid  by  evaporating  the  sour  whey  of  clotted  milk  to  an  eighth 
part  of  its  bulk,  saturating  this  remainder  with  slaked  lime,  in  order  to  throw  down  the 
tubphosphate  of  lime  held  in  solution,  filtering  the  liquor,  diluting  it  with  thrice  its  weight 
cf  water,  and  precipitating  the  lime  circumspectly,  by  the  gradu^  addition  of  oxalic  acid. 

*  By  nmiimg  the  nhom  brinf  aoecraiit  of  Bobbin-net,  in  connexion  with  the  morr  detailed  deechption  of  it 
hi  my  CoTTon  MAWurAcruKi  or  Osiat  Bsitaiii,  a  toderably  dear  ooaoeiition  of  the  nature  of  this  intrioHs 
mayln  obtaiaod. 
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He  next  filtered,  evaporated  to  dryness  on  a  water  bath,  and  digested  the  residuum  in 
strong  alcohol,  which  dissolved  the  lactic  acid,  and  led  the  sugar  of  milk.  On  evapora- 
ting off  the  alcohol,  the  acid  was  obtained.  As  thus  procured,  it  requires  to  be  purified 
by  saturation  with  carbonate  of  lead  (pure  white  lead),  and  precipitating  the  solution  of 
,  this  lactate  with  sulphate  of  zinc,  not  added  in  excess.  Sulphate  of  lead  falls,  and  the 
supernatant  lactate  of  zinc  being  evaporated  affords  crystals,  at  iaisi  brown,  but  which 
become  colorless  on  being  dissolved  and  re-crystallized  twice  or  thrice.  If  the  sulphuric 
acid  of  the  dissolved  salt  be  thrown  down  by  water  of  baryta,  the  liquid  when  filtered  and 
evaporated  yields  a  pure  lactic  acid,  of  a  sirupy  consistence,  colorless  and  void  of  smeU. 
It  has  a  pungent  acid  taste,  which  it  loses  almost  entirely  when  moderately  diluted  with 
water.  It  does  not  crystallize.  Its  salts,  with  ^he  exception  of  those  of  magnesia  and 
zinc,  have  a  gummy  appearance,  and  are  very  soluble  in  alcohol,  unless  they  hold  an  ex- 
cess of  base.  Lactic  acid  consists  of  44*92  carbon ;  6*55  hydrogen  ;  48*53  oxygen.  It 
contains  9*92  per  cent,  of  water.  It  has  not  hitherto  been  applied  to  any  use  in  the  arts, 
except  by  the  Dutch  in  their  old  process  of  bleaching  linen  with  sour  milk. 

LACTOMETER  is  the  name  of  an  instrument  for  estimating  the  quality  of  milk, 
called  also  a  Galactometer,  which  see.  The  most  convenient  form  of  apparatus  would  be 
a  series  of  glass  tubes  each  about  1  inch  in  diameter,  and  12  inches  long,  graduated 
through  a  space  of  10  inches,  to  tenths  of  an  inch,  having  a  stop-cock  at  the  bottom,  and 
fuspended  upright  in  a  frame.  The  average  milk  of  the  cow  being^  poured  in  to  the 
height  of  10  inches,  as  soon  as  the  cream  has  all  separated  at  top,  the  thickness  of  its 
body  may  be  measured  by  the  scale ;  and  then  the  skim  milk  may  be  run  off  below 
into  a  hydrometer  glass,  in  order  to  determine  its  density,  or  relative  richness  in  caseous 
matter. 

LAKES.  Under  this  title  are  comprised  all  those  colors  which  consist  of  a  vegetable 
dye,  combined  by  precipitation  with  a  white  earthy  basis,  which  is  usually  alumina.  The 
general  method  of  preparation  is  to  add  to  the  colored  inibsion  a  solution  of  common 
alum,  or  rather  a  solution  of  alum  saturated  with  potash,  especially  when  the  infusion 
has  been  made  with  the  aid  of  acids.  At  first  only  a  slight  precipitate  falls,  consisting 
of  alumina  and  the  coloring  matter ;  but  on  adding  potash,  a  copious  precipitation  ensues, 
of  the  alumina  associated  with  the  dye.  When  the  dyes  are  not  injured,  but  are  rather 
brightened  by  alkalis,  the  above  process  is  reversed ;  a  decoction  of  the  dye-stuff  is  made 
with  an  alkaline  liquor,  and  when  it  is  filtered,  a  solution  of  alum  is  poured  into  it.  The 
third  method  is  practicable  only  with  substances  having  a  gres^t  afiS[nity  for  subsulphate 
of  alumina ;  it  consists  in  agitating  recently  precipitated  alumina  with  the  decoction  of 
the  dye. 

Yellow  lake$  are  made  with  a  decoction  of  Persian  or  French  berries,  to  which  some 
potash  or  soda  is  added ;  into  the  mixture  a  solution  of  alum  is  to  be  poured  as  long  as 
any  precipitate  falls.  The  precipitate  must  be  filtered,  washed,  and  formed  into  cakes, 
and  dried.  A  lake  may  be  made  in  the  same  way  with  quercitron,  taking  the  precaution 
to  purify  the  decoction  of  the  dye-stuff  with  buttermilk  or  glue.  After  filtering  the  lake 
it  may  be  brightened  with  a  solution  of  tin.  Annotto  lake  is  formed  by  dissolving  the 
*dye-stuff  in  a  weak  alkaline  ley,  and  adding  alum  water  to  the  solution.  Solution  of  tin 
gives  this  lake  a  lemon  yeUow  cast ;  acids  a  reddish  tint. 

Red  lakes, — The  finest  of  these  is  carmine. 

This  beautiful  pigment  was  accidentally  discovered  by  a  Franciscan  monk  at  Pisa.  He 
ibrmed  an  extract  of  cochineal  with  salt  of  tartar,  in  order  to  employ  it  as  a  medicine, 
and  obtained,  on  the  addition  of  an  acid  tt>  it,  a  fine  red  precipitate.  Homberg  published 
a  process  for  preparing  it,  in  1656.  Carmine  is  the  coloring  matter  of  cochineal,  pre- 
pued  by  precipitation  from  a  decoction  of  the  drug.  Its  composition  varies  according  to 
the  mode  of  making  it.  The  ordinary  carmine  is  prepared  with  alum,  and  consists  of 
earminium  (see  Cochineal),  a  little  animal  matter,  alumina,  and  sulphuric  acid.  See 
Camiink. 

Carminated  lake,  called  lake  of  Florence,  Paris,  or  Vienna.  For  making  this  pigment, 
the  liquor  is  usually  employed  which  is  decanted  from  the  carmine  process.  Into  this, 
newly  precipitated  alumina  is  put ;  the  mixture  is  stirred,  and  heated  a  little,  but  not  too 
much.  Whenever  the  alumina  has  absorbed  the  color,  the  mixture  is  allowed  to  settle, 
and  the  liquor  is  drawn  off. 

Sometimes  alum  is  dissolved  in  the  decoction  of  cochineal,  and  potash  is  then  added, 
to  throw  down  the  alumina  in  combination  with  the  coloring  matter ;  but  in  this  way  an 
indifferent  pigment  is  obtained.  Occasionally,  solution  of  tin  is  added,  to  brighten  the 
dye. 

A  lake  may  be  obtained  from  kermes,  in  the  same  way  as  from  cochineal ;  but  now  it 
is  seldom  had  recourse  to. 

Brazil-wood  lakes, — Brazil  wood  is  to  be  boiled  in  a  proper  quantity  of  water  for  19 
Binntes ;  then,  alum  and  solution  of  tin  being  added,  the  liquor  is  to  be  filtered,  and  a 
idation  of  potash  poured  in  as  bng  as  it  occasions  a  precipitate.    Tlus  is  separated  by 
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ibt  filter,  washed  in  pore  mter,  miied  with  «  little  ^m  -water,  BDd  made  into  cakw. 
Or,  tile  Brazil  wood  may  1>e  bailed  nloag  with  a  Utile  viaegnr,  the  detiKtion  filtered,  altun 
and  alt  of  tin  added,  and  then  potasb-lej  ponrtd  in  to  precipitate  the  lake.  For  1  pound 
of  Brain  wood,  30  to  40  pounds  of  water,  and  fiom  1)  to  2iioiiiidt  of  alDm.niBj  be  taken, 
in  piodncins  a  deep  red  lake  ;  or  the  taiae  proporCians  with  half  a  ponnd  of  solution  of 
tin.  If  the  potash  be  added  ia  eiceu,  the  lint  will  become  vioiet.  Creain  of  tartar 
occasions  a  brownish  cast. 

MaddtT  lakt. — A  fine  lake  may  be  obtained  fitnn  madder,  by  washing  it  in  cold  water 
as  long  «a  it  gives  oat  color;  then  sprinkling  tome  solution  o[  tin  orer  it,  and  setting  it 
aside  for  some  days.  A  gentle  heat  may  also  be  applied.  The  red  liquor  must  be  then 
•epalated  by  the  filter,  and  decomposed  by  the  addition  of  carbonate  of  soda,  when  a  line 
Ted  precipitate  will  be  obtained.  Or,  the  reddish  brown  coloring  matter  of  a  dcraction 
ctf  madder  may  be  first  Eeparaled  by  acetate  of  lead,  and  then  the  rose  red  color  with  alum. 
Or,  madder  tied  up  in  a  bag  is  boiled  in  water  ;  to  the  decoction,  alum  is  added,  and  then 
potash.  The  precipitate  shouhJ  be  washed  with  boiling  water,  till  it  ceases  to  tinge  it 
fellow ;  and  it  is  then  to  be  dried. 

The  foUowiiig  process  merits  a  prcfereace : 

Diffose  i  pbouda  of  ground  madder  in  4  quarts  of  water,  and  after  a  maceration  of  10 
mioulea,  strain  and  squeeze  the  grounds  in  a  press.  Hepeat  this  maceration,  &c.  twice 
upon  the  same  portion  of  madder.  It  will  now  have  a  fine  rose  color.  It  muat  then  be 
mixed  with  6  or  6  ponndi  of  water  and  half  a  pound  of  bruised  alum,  and  heated  upon 
a  water  bath  for  3  or  4  hoar^  with  the  addition  of  water,  as  it  evaporates,  ofler  which 
the  whole  must  be  thrown  npon  a  filter  cloth.  The  liquor  which  passes  is  to  be  filtered 
through  paper,  and  then  precipitated  by  carbonate  of  potash.  If  the  potash  be  added  in 
three  inccessiTe  doses,  three  different  lakes  will  be  obtained,  of  suecessiiely  ditnioishing 
beanty.    The  precipitates  must  be  washed  till  the  water  comes  off  colorless. 

Bbu  laka  are  baidly  ever  prepared,  as  indigo,  Prussian  bine,  cobalt  blue,  and  ultra- 
marine, answer  ereiy  purpose  of  bine  pigments.  ' 

Green  iaka  are  made  by  a  mixture  of  yellow  lakes  with  blue  pigments ;  but  chrome 
irilows  mixed  with  blues  prodnee  almost  aU  the  requisite  shade*  of  green. 

LAHINABLE  is  said  of  a  metal  which  may  be  extended  by  passing  between  steel  or 
hardened  (chilled)  cast-iron  roUers. 

For  ■  description  of  metal  rolling  presses,  see  Iron  and  Mint  ;  and 

For  a  table  of  the  relative  lamioabilily  of  metals,  see  Ddctiutt. 

LAMIUM  ALBUM,  or  the  dead  nettle,  is  said  by  Lenchs  to  affoid  in  its  leaves  a 
gieenish-yellow  dye.  The  L.  pnrpnreom  dyes  a  reddish'^^y  with  salt  of  tin,  and  a 
greenish  tint  with  iron  liquor. 

LAMPS  differ  so  much  in  principle,  fonn,  and  constraelioii,  as  to  render  their  descrip- 
tion impossible,  as  a  general  subject  of  mannfactare.  In  fkct,  the  operations  of  the 
lunpist,  like  those  of  the  blacksmith,  cabinet-maker,  cooper,  copperrmitb,  tinman, 
turner,  &,c.,  belong  to  a  treatise  npon  handicraft  trades.  I  shall  here,  however,  intni- 
dnce  a  talmlar  view  of  the  rdattve  light  and  economy  of  the  lamps  most  generall; 
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In  the  above  Uble,  for  the  pnrpoce  of  comparing  the  mcceniTe  degrect  of  mteiuilT, 
100  repreKnts  the  meBn  inteiuily  of  light  during  the  Gret  hoar.  The  quanlity  of  oil  con- 
•nmed  per  hour  is  given  in  graimnea,  of  15^  grainji  each.  The  loil  colunm  eipreuet  the 
qoMitity  of  light  produced  with  a  like  coDsainplioii  of  oil,  which  was  in  all  cases  100 
gtammea.    See  Cihdlu. 

The  following  table  of  M.  Pedet  is  perhaps  more  instractive : — 
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la.  Wax  candle,  5  in  lb. 

13-61 

8-71 

7-60 

9-7 

64  04 

48  6 

13.  Sperm  candle,      do. 

14-40 

8-92 

7-60 

S-8 

61-94 

47-6 

li.  Stearine  candle,   do. 

14-30 

9-36 

6-00 

5-5 

69-24 

37-1 

Ifc  CmI  gas  -        -        . 

m 

136Utr« 

60 

107  litres 

3-9 

!6.  Oil  gas     -        .        . 

127 

136  do. 

6-0 

30 

3-9      1 

The  light  of  the  mechanical  lamp  ii  greatly  over-rated  relatively  la  that  of  gas.  Th* 
cost  of  the  fornwr  is  at  least  5  limes  greater  than  that  of  the  latter,  ia  London, 

I>AMP  OP  DAVY  consists  of  a  common  oil  tamp,  surmounted  with  a  covered 
eylioder  of  wire  gaure,  tor  tranunilling  light  to  the  miner  without 
endangering  the  kindling  of  the  atmosphere  of  fire-damp  which 
may  surround  him ;  becnase  carbureted  hydrogen,  in  passing 
through  the  meshes  of  the  eylindric  cover,  gets  cooled  by  tbe  con- 
dueling  power  of  the  metallic  game,  below  the   point  of  it* 


Tlie  apertures  in  the  game  should  not  he  more  than  I-SOlh  of 
an  inch  square.  Since  the  fire  damp  is  not  inflamed  by  ignited 
wire,  the  tfaicknesa  of  the  wire  is  not  of  importance,  bnl  wire  from 
l-40th  to  1.60th  of  an  inch  in  diameter  is  the  most  convenient. 

llie  cage  or  cylinder  should  be  made  by  double  joinings,  the 

gauze  being  folded  over  in  such  a  manner  as  to  leave  no  apertures. 

f     When  it  is  cylindrical,  it  should  not  be  more  than  two  inches  in 

diameter;  because  in  larger  cylinders,  Uie  combustion  of  the  fire- 


damp renders  the  ti 


illy  hot ;  a  double  top  is  always 
a  proper  precaution,  fixed  ^  or  f  of 
an  inch  above  the  Erst  lop.  See 
M  614. 

The  gauze  cylinder  ehould  be 
fastened  lo  the  lamp  by  a  screw  b, 
Jig.  615,  of  four  or  five  turns,  and 
fitted  to  the  screw  by  a  light  ring. 
All  joinings  in  the  lamp  should  be 
made  with  hard  solder ;  as  the  seen- 
rily  depends  upon  the  circumstanc* 
that  no  aperture  exists  in  the  appa* 
nttis  larger  than  in   ' 
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'Tlie  parts  of  the  lamp  are, 

1.  The  brass  cistern  a,  dyftg.  615,  which  contains  the  oil.  It  is  pierced  at  one  side  of 
the  centre  with  a  vertical  narrow  tube,  nearly  filled  with  a  wire  which  is  recurved  above, 
at  the  level  of  the  burner,  to  trim  the  wick,  by  acting  on  the  lower  end  of  the  wire  e  with 
the  fingers.    I^is  called  the  safety-trimmer. 

2.  The  rim  b  is  the  screw  neck  for  fixing  on  the  ganze  cylinder,  in  which  the  wire- 
gauze  cover  is  fixed^  and  which  is  fastened  to  the  cistern  by  a  screw  fitted  to  b, 

3.  An  aperture  c  for  supplying  oil.  It  is  fitted  with  a  screw  or  a  cork,  and  communi- 
cates with  the  bottom  of  the  cistern  by  a  tube  at/.    A  central  aperture  for  the  wick. 

4.  The  wire-gauze  cylinder,  y?g.  614,  which  should  not  have  less  than  626  apertures  to 
the  square  inch. 

5.  The  second  top,  I  of  an  inch  above  the  first,  surmounted  by  a  brass  or  copper  i^ate, 
to  which  the  ring  of  suspension  may  be  fixed.  It  is  covered  with  a  wire  cap  in  the 
figure. 

6.  Four  or  six  thick  vertical  wires,  f  g'  g'  g',  joining  the  cistern  below  with  the  top 
plate,  and  serving  as  protecting  pillars  round  the  cage,  g  is  a  screw-pin  to  fix  the  cover, 
«o  that  it  shall  not  become  loosened  by  accident  or  carelessness.  The  oil-cistern  fig,  615 
is  drawn  upon  a  larger  scale  Xhvmfig.  614,  to  show  its  minuter  parts. 

When  the  wire-gauze  safe-lamp  is  lighted  and  introduced  into  an  atmosphei^  gradually 
mixed  with  fire-damp,  the  first  effect  of  the  firedamp  is  to  increase  the  length  and  size 
of  the  flame.  When  the  inflammable  gas  fonns  so  much  as  l-12th  of  the  volume  of  the 
air,  the  cylinder  becomes  filled  with  a  feeble  blue  flame,  while  the  flame  of  the  wide 
appears  buiiiing  brightly  within  the  blue  flame.  The  light  of  the  wick  augments  till  the 
fire-damp  increases  to  l-6th  or  l-5th,  when  it  is  lost  in  the  flame  of  the  fire-damp,  which 
in  this  case  fills  the  cylinder  with  a  pretty  strong  light.  As  long  as  any  ezplonve  mixture 
of  gas  exists  in  contact  with  the  lamp,  so  long  it  will  give  light ;  and  when  it  is  extinguished, 
which  happens  whenever  the  foul  air  constitutes  so  much  as  1 -3d  of  the  volume  of  the 
atmosphere,  the  air  is  no  longer  proper  for  respiration ;  for  though  animal  life  will  con- 
tinue where  flame  is  extinguished,  yet  it  is  always  with  suffering.  By  fixing  a  coil  of 
platinum  wire  above  the  wick,  ignition  may  be  maintained  in  the  metal  when  the  lamp 
itself  is  extinguished ;  and  from  this  ignited  wire  the  wick  may  be  again  rekindled,  on 
carrying  it  into  a  less  inflammable  atmosphere. 

"We  have  frequently  used  the  lamps  where  the  explosive  mixture  was  so  high  as  to 
heat  the  wire-gauze  red-hot ;  but  on  examining  a  lamp  which  has  been  in  constant  use 
for  three  months,  and  occasionally  subjected  to  this  degree  of  heat,  I  cannot  perceive  that 
the  gauze  cylinder  of  iron  wire  is  at  all  impaired.  I  have  not,  however,  thought  it  pru- 
dent, in  our  present  state  of  experience,  to  persist  in  using  the  lamps  under  such  circum- 
stances, because  I  have  observed,  that  in  such  situations  the  particles  of  coal  dust  floating 
in  the  air,  fire  at  the  gas  burning  within  the  cylinder,  and  fly  off  in  small  luminous  sparks. 
This  appearance,  I  must  confess,  alarmed  me  in  the  first  instance,  but  experience  soon 
proved  that  it  was  not  dangerous. 

"  Besides  the  facilities  afforded  by  this  invention  to  the  working  of  coal-mines  abound- 
ing in  fire-damp,  it  has  enabled  the  directors  and  superintendents  to  ascertain,  with  the 
utmost  preciFion  and  expedition,  both  the  presence,  the  quantity,  and  correct  situation  of 
the  gas.  Instead  of  creeping  inch  by  inch  with  a  candle,  as  is  usual,  along  the  galleries 
of  a  mine  suspected  to  contain  fire-damp,  in  order  to  ascertain  its  presence,  we  walk  firmly 
on  with  the  safe-lamps,  and,  with  thQ  utmost  confidence,  prove  the  actual  state  of  the 
mine.  By  observing  attentively  the  several  appearances  upon  the  flame  of  the  lamp,  in 
an  examination  of  this  kind,  the  cause  of  accidents  which  happened  to  the  most  experienced 
and  cautious  miners  is  completely  developed ;  and  this  has  hitherto  been  in  a  great  meas- 
ure matter  of  mere  conjecture. 

"  It  is  not  necessary  that  I  shouM  enlarge  upon  the  national  advantages  which  must 
necessarily  result  from  an  invention  calculated  to  prolong  our  supply  of  mineral  coal, 
because  I  think  them  obvious  to  every  reflecting  mind ;  but  I  cannot  conclude  without 
expressing  my  highest  sentiments  of  admiration  for  those  talents  which  have  developed 
the  properties,  and  controlled  the  power,  of  one  of  the  most  dangerous  elements  which 
human  enterprise  has  hitherto  had  to  encounter." — See  Letter  to  Sir  H.  Davy,  in  Journal 
of  Science,  vol.  i.  p.  302,  by  John  Buddie,  Esq.,  generally  and  justly  esteemed  one  of  the 
most  scientific  coal-miners  in  the  kingdom. 

Mr.  Buddie,  in  a  letter  dated  21st  August,  1835,  which  is  published  in  Dr.  Davy's  life 
of  his  brother  Sir  Humphrey,  says  : — 

"  In  the  evidence  given  in  my  last  examination  before  a  committee  of  the  House  of 
Commons,  I  stated  that  after  nearly  twenty  years*  experience  of  '  the  Davy*  with  from 
1000  to  1500  lamps  in  daily  use,  in  all  the  variety  of  circumstances  incidental  to 
teal  mining,  without  a  single  accident  having  happened  which  could  be  attributed  to 
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«  defect  in  I'ti  principle,  or  eren  in  the  mles  for  its  practical  appIieatiaB,  m  hid  dowa  by 
Sir  Humphrey — I  mainliined  that  '  tbe  Ditj*  approxinuiled  perfectitai,  as  nearly  aa  aaj 
instnimenl  cf  hnman  inveation  codU  be  eipeeted  to  do.  We  have  ascertained  dislinctlr 
tlut  Ibe  late  eiplosion  did  net  happra  in  that  part  of  the  mine  where  (he  Davys  tctc 
Bsed.  They  were  all  found  in  a  perfect  ctalc  afler  tbe  accident — idbdi  of  them  ia  the 
hands  of  (he  dead  bodies  of  the  sofferers." 
LAMP-BLACK.    See  Bl* at. 

LAMPAI'ES  anil  LAMPIC  ACID.  When  a  spirit  of  wine  lamp  has  its  cotton  wict 
annnountcd  with  a  spiral  coil  of  platinum  vrire,  after  lighting  it  for  a  little,  it  may  be 
blown  ont,  without  ceaeinp  to  bum  the  alcohol ;  for  the  coil  conlinnea  ignited,  and  a  eoi- 
rent  of  hot  vapor  continues  to  rise,  as  \oag  as  the  spirit  lasts.  This  vapor  was  first  COB- 
deiued  and  examined  by  Professor  Siniell,  who  called  it  lampic  aeid.  It  has  a  peculiar, 
strongly  acid,  bumiag  taste,  and  a  spec,  fcrnr.  of  tOlS.  It  possesses  in  an  eBineat  de- 
gree the  property  of  reducing  certain  metallic  sohitionBj  such  as  those  of  platiaon,  gold, 
jkad  silver.  The  tampaitt  maybe  piepntdby  satnnniug  the  above  acid  with  thealhaline 
and  earthy  carbonates. 

LAPIDARV,  JrJ  o/.  The  art  of  the  lapidary,  or  that  of  cnttiag,  poltahins,  and 
engravine  gems,  was  known  to  the  aneitnls,  many  of  whom  have  left  admirable  specimen* 
nf  Ibeir  skiJl.  The  Creeks  were  pssaionale  lovers  of  rings  and  eagraved  stones)  and  the 
Boat  parsimonioni  among  the  h^hei  classes  of  the  Cyrenians  are  said  to  have  worn  rin^ 
of  tbe  vahie  of  ten  mine  (about  30J.  of  onr  money.)  By  far  the  greater  part  of  the  antique 
gems  that  have  reached  modem  times,  may  be  considered  as  so  many  models  lor  Ibrming 
Uie  taste  of  the  itndent  of  the  Bne  arts,  and  for  inspiring  his  mind  with  correct  ideaii  oT 
what  b  truly  beanttful.  With  the  enlting  of  the  diamond,  however,  the  ancients  were 
■nacquainted,  and  henee  they  wore  it  in  its  natural  state.  Even  in  the  middle  ages,  ihia 
art  was  still  unknown;  for  the  lour  lai^e  diamonds  which  enrich  the  clasp  of  the  imperial 
mantle  of  Charlemagne,  as  now  preserved  in  Paris,  arc  nncnt,  oelahedial  erjslals.  But 
'Ibe  art  of  working  diamonds  was  probably  known  in  Hindoslan  and  China,  in  very  remote 
periods.  After  Louis  de  Berghen's discovery,  in  1476,  of  polishing  (wo  diamoads  by  their 
mutual  attrition,  all  the  finest  diamonds  were  seat  to  Holland  to  be  cut  and  polished  by 
the  Duleh  artists,  who  long  retained  a  saperioiily,  now  no  longer  admitted  by  the  lapida- 
ries of  London  and  Paris. 

The  operation  of  gem  catling  ia  abridged  hy  two  methodE;  1.  by  cleavage;  3. by  cot- 
ting  off  slices  with  a  line  wire,  coated  with  diamond  powder,  and  fiied  in  the  stock  of  a 
haod-saw.  Diamond  is  the  only  precious  stone  which  is  cnt  and  peliehnl  with  diamond 
powder,  soaked  with  olive  oS,  npon  a  mill  plate  of  very  soft  steel. 

Oriental  rubies,  sapphires,  and  topazes,  are  ent  with  diamond  powder  soaked  with  olive 
aD,  on  a  copper  wheel.  The  fheets  thus  formed  are  afterwaidB  polished  on  another  cop- 
per wheel,  with  tiipoli,  tempered  with  water. 

Emeralds,  hyacinths,  amethysts,  garnets,  agntes,  and  olher  softer  stones,  are  «nl  at  » 
lead  wheel,  with  emery  and  water;  and  are  polished  on  a  tin  wheel  with  tiipeli  and 
water,  or,  still  better,  on  a  line  wheel,  with  putty  at  tin  and  water. 

The  more  tender  precious  stones,  and  evea  the  pastes,  are  cut  on  a  mill-wheel  of  hard 
wood,  with  emery  and  water;  and  are  polished  with  tripoL  and  water,  on  another  wheel 
of  hard  wood. 

Since  the  lapidary  employs  always  the  some  tools,  whatever  be  the  stone  which  he  cut* 
or  polishes,  and  since  the  wheel  discs  alone  vary,  sfi  also  the  substsnce  he  uses  with  them* 
we  shall  describe,  first  of  all,  bis  oppBralus,  and  then  the  manipulations  lor  diamond-cnt- 
liog,  which  are  applicable  lo  every  speeses  of  stone. 

"' ■     '  '      '     n»  in  perspective  in  fig.  616.    It  consists  of 

a  strong  frame  made  of  oak  carpentry,  with 
tenon  and  mortised  joints,  bound  logether 
with  strong  bolts  and  screw  nals.  Its  forn 
is  a  parallelopiped  of  from  B  to  9  feel  Jong,  by 
fttim  6  to  T  high;  and  about  3  feel  broad. 
These  dimensions  are  large  enough  to  con- 
tain two  culling  wheels  alongside  of  each 
other,  as  represented  in  the  figure. 

Besides  the  two  sole  bars  n  s,  we  percein 
in  the  breadth,  b  cross  bars,  c,  n,  e,  r,  g. 
The  two  extreme  bars  c  and  e,  are  a  part  oT 
the  frame-work,  and  serve  to  bind  it.  The 
two  cross-bars  d  and  F,  carry  each  in  the 
middle  of  their  length,  a  piece  of  wood  as 
thick  as  themselves,  but  only  4)  inches  king 
^aCB  fig.  6n),  joined  aolidly  by  mortisM  and  tenons  with  thJU  oon  bar,  as  well  «• 


The  lapidary's  mill,  or  wheel, 


wtth  tke  one  ptiecd  oppmltc  on  tlic  other  pusllel  fmce.  These  two  pieeei  ere  called 
*aMiiKr*  (linteb)  i  the  one  placed  al  d  U  the  nppei ;  ibe  one  at  r,  the  lover. 

In  Jig.  G17  tbii  face  ii  fhown  iaiide,  in  onler  to  explain  how  the  mill  wheel  ti  placed 
...  .1       mi letlen  point  out  the  aame  object*,  both  in  the  preeedii^  and 

■qoare  hale  is  cut  ont,  exaeltf  oppoaite  to  the  olher ;  in 
which  are  adjash^  b;  friction,  a  tqaare  piece  a(  oak  a,  a,JIf . 
617,  vbirae  eiiremitiea  ace  perforated  with  a  conical  hole, 
which  receiTci  the  (wo  ends  of  the  arboi  H  of  the  wheel  t, 
aod  fbnna  ila  socket.  The  >qaare  bar  ii  adjusted  at  a  conve- 
nient height,  by  a  double  wooden  wedge  b  h. 

The  croe*  bar  in  die  middle  i  supports  the  (able  <:c,\ 
strong  plank  of  oak.  It  ispiereed  with  two  large  holes  whose 
centres  coincide  with  the  crntre  of  the  conical  holes  hollow- 
ed ont  B(  the  end  of  the  square  pins.  Thew  holes,  of  about  ' 
6  inches  diameler  each,  are  intended  lo  let  the  aiboi  paM 
freelf  Ibroogh,  bearing  its  respectiTC  wheel.  (See  one  c^ 
these  holes  at  i,  in  fig,  621  below.) 

Eaeh  wheel  is  composed  of  an  iron  arbor  H,  fig.  618,  of  a 
grioding-whcel  i,  which  diflecs  in  substance  according  to 
circumstances,  as  already  staled,  and  of  the  pulley  J,  furniili- 
ed  with  several  grooves  (see  fig.  619),  which  has  a  iquan 
fit  upon  the  aibor.  The  arbor  carries  a  collet  d,  ou  which 
are  4  iron  pegs  or  pins  that  enter  into  the  wheel  lo  fasten 

The  wheel  plate,  of  which  the  groDnd  plan  is  shown  at  k, 
is  hollowed  out  towards  its  centre  lo  half  ils  thickness  ;  when 
il  is  in  it*  position  on  the  arbor,  as  indicated  in  fig.  619,  * 

washer  or  ferrule  of  wrought  iron  is  put  over  it,  and  secured 
in  iu  place  bj  a  doable  wed^e.  In  fig.  619  Ihe  wheel-plate 
is  rqtresented  in  section,  that  the  connexion  of  the  whole 
parts  may  be  seen. 

A  board  g  (see^g.  616  andjig.  634),  about  Tt  inches  high, 
is  fixed  to  the  part  of  the  frame  opposite  to  the  side  at  which 
the  lapidary  works,  and  it  prevents  the  substances  made  oae 
of  in  the  enliing  and  polishing,  from  being  throwp  to  a  dis- 
tance by  the  centrifugal  force  of  the  wheel-plate. 

Behind  this  apparatus  is  moanled  for  each  grioding-plat^ 
a  large  wheel  L  {f*t  fig.  616),  similar  to  a  cutler's,  bat  placed 
hi>izODtally.     This  wheel  is  grooved  round   its  circumfer- 

.. .    Ji  endless  cord  or  bund,  which  passes  round  one  of  Ibe  grooves  of  the 

pahey  J,  fixed  below  the  wheel-plate.  Hence,  on  laming  the  By-wheel  l,  the  plate  re- 
volves wilh  a  velocity  relative  to  the  velocity  commnniealed  lo  the  wheel  l,  and  to  the  dif- 
ference of  diameter  of  the  wheel  l  and  Ihe  pulley  i,  Eaeh  wheel  l,  is  mounted  on  an 
iron  arbor,  with  a  crank  (see  M,  Jig.  610.) 

The  lower  pivot  of  thai  arbor  h  is  conical,  and  lurfis  in  a  socket  fixed  in  the  floor.  The 
great  wheel  I.  rests  on  the  collet  i,  furnished  wilh  its  4  iron  pins,  for  securinR  the  coik- 
Abovethewheel  an  iron  washer  is  laid,  and  the  whole  is  fixed  by  adoublowedge^ 
Kl,fig.Kta. 

Fig.  631  exhibits  a  ground-plan  view  of  all 
this  assemblage  of  parts,  lo  explain  the  slruclur« 
of  the  machine.  Every  thing  that  stands  above 
the  upper  lummtrJiar  has  been  suppressed  in  this 
representation.  Here  we  see  Ihe  table  c  c  ;  the 
upper  MUmmtr  m ;  the  one  wheel-plate  I,  the  other 
having  been  removed  to  show  Ihsc  the  endless  cord 
does  not  cross  ;  ihe  two  large  wheels  t  l,  present 
in  eoch  machine,  the  crank  bar  n,  seen  separate 
in  fig.  622,  which  serves  for  inming  the  wheel  u 


Tkfa  bar  is  fbimed  of  3  (ran  plates,  a,  » ;  m ;  and  f ,  r ;  (JIf .  6SS.)    Tha  iiH 
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bent  round  at  the  point  n,  to  embrace  the  stnd  s ;  the  second,  p  9,  is  of  the  same  breadth 
and  thickness  as  Uie  first ;  and  the  third  is  adjusted  to  the  latter  with  a  hinge  joint,  at 
the  point  q,  where  they  are  both  turned  into  a  circular  form,  to  embrace  the  crank  m. 
When  all  these  pieces  are  connected,  they  are  fixed  at  the  proper  lengths  by  the  bucklet 
or  square  rings  1 1 1,  which  embrace  these  pieces  as  is  shown  in  fig.  621. 

The  stud  «,  seen  in  fig.  622,  is  fixed  to  the  point  v  by  a  wedge  key  upon  the  arm  p, 
represented  separately,  and  in  perspective  in/g.  623.  The  laborer  seizing  the  two  up- 
right pegs  or  handles  x  x,  by  the  ajtemate  forward  and  backward  motion  of  his  arm,  he 
communicates  the  same  motion  to  the  crank  rod,  which  transmits  it  to  the  crank  of  the 
arbor  m,  and  impresses  on  that  arbor,  and  the  wheel  which  it  bears,  a  rotatory  move- 
ment. 


624 
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Fig.  624  shows  piece-meal  and  in  perspective,  a  part  of  the  lapidary's  wheel-milL 
There  we  see  the  table  c  c,  the  grind-plate  i,  whose  axis  is  kept  in  a  vertical  position  by 
the  two  square  plugs  a  a,  fixed  into  the  two  mmvurs  by  the  wedges  b  b.  On  the  two 
aides  of  the  wheel-plate  we  perceive  an  important  instrument  called  a  dialy  which  serves 
to  hold  the  stone  during  the  cutting  and  polishing.  This  instrument  has  received  lately 
important  ameliorations,  to  be  described  in  fig.  625.  The  lapidary  holds  this  instrument 
in  his  hai)d,  he  rests  it  upon  the  iron  pins  u  u  fixed  in  the  table,  lest  he  should  be  affected 
by  the  velocity  of  the  revolving  wheel-plate.  He  loads  it  sometimes  with  weights  e,  e, 
to  make  it  take  better  hold  of  the  grinding  plate. 

One  of  the  most  expert  lapidaries  of  Geneva  works  by  means  of  the  following  improved 
mechanism,  of  his  own  invention,  whereby  he  cuts  and  polishes  the  facets  with  extreme 
regularity,  converting  it  into  a  true  diaL 

Fig.  625  shows  this  improvement.  Each  of  the  two  jaws  bears  a 
large  conchoidal  cavity,  into  which  is  fitted  a  brass  ball,  which  carries 
on  its  upper  part  a  tube  e,  to  whose  extremity  is  fixed  a  dial-plate//, 
engrav^  with  several  concentric  circles,  divided  into  equal  parts,  like 
the  toothed-wheel  cutting  engine-plate,  according  to  the  number  of 
facets  to  be  placed  in  each  cutting  range.  The  tube  receives  with 
Iff,  "^^  "I  I  moderate  friction  the  handle  of  the  cement  rod,  which  is  fixed  at  the 
A[  ®        !p^  /     proper  point  by  a  thumb-screw,  not  shown  in  the  figure,  being  con- 

^  cealed  by  the  vertical  limb  d,  about  to  be  described. 

A  needle  or  index  g,  placed  with  a  square  fit  on  the  tail  of  the  cement  rod,  marks  by 
its  point  the  divisions  on  the  dial  plate  //.  On  the  side  m  n  of  the  jaw  a,  there  is  fixed 
by  two  screws,  a  limb  d,  fonning  a  quadrant  whose  centre  is  supposed  to  be  at  the  centre 
of  the  ball.  This  quadrant  is  divided  as  usual  into  90  degrees,  whose  highest  point  is 
marked  0,  and  the  lowest  would  mark  about  70 ;  for  the  remainder  of  the  arc  down  to 
90  is  concealed  by  the  jaw.    The  two  graduated  plates  are  used  as  follows  : — 

When  the  cement  rod  conceals  zero  or  0  of  the  limb,  it  is  then  vertical,  and  serves  to 
cut  the  table  of  the  brilliant ;  or  the  point  opposite  to  it,  and  parallel  to  the  table.  On 
making  it  slope  a  little,  5  degrees  for  example,  all  the  facets  will  now  lie  in  the  same 
zone,  provided  that  the  inclination  be  not  allowed  to  vary.  On  turning  round  the 
cement  rod  the  index  g  marks  the  divisions,  so  that  by  operating  on  the  circle  with  16 
divisions,  stopping  for  some  time  at  each,  16  facets  will  have  been  formed,  of  perfect 
equality,  and  at  equal  distances,  as  soon  as  the  revolution  is  completed. 

Diamonds  are  cut  at  the  present  day  in  only  two  modes ;  into  a  rose  diamond,  and  a 
brilliant.    Wa  shall  therefore  confine  our  attention  to  these  two  forms. 

The  rose  diamond  is  flat  beneath,  like  all  weak  stones,  while  the  upper  face  rises  into 
m  dome,  and  is  cut  into  faceti.     Most  usually  six  facets  are  put  on  the  central  regioBy 
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which  are  in  the  fonn  of  triangles,  and  unite  at  their  summits;  their  bases  abut  upon 
another  range  of  triangles,  which  being  set  in  an  inverse  position  to  the  preceding,  present 
their  bases  to  them,  while  their  summits  terminate  at  the  sharp  margin  of  the  stone.  The 
latter  triangles  leave  spaces  between  them  which  are  likewise  cut  each  into  two  facets. 
By  this  distribution  the  rose  diamond  is  cut  into  24  facets ;  the  suriace  of  the  diamond 
being  divided  into  two  portions,  of  which  the  upper  is  called  the  crown,  and  that  forming 
the  contour,  beneath  the  former,  is  caUed  dentdle  (lace)  by  the  French  artists. 

According  to  Mr.  Jeffries,  in  his  Treatise  on  13iamonds,  the  regular  rose  diamond  is 
formed  by  inscribing  a  regular  octagon  in  the  centre  of  the  table  side  of  the  stone,  and 
bordering  it  by  eight  right-angled  triangles,  the  bases  of  which  correspond  with  the  sides 
of  the  octagon ;  beyond  these  is  a  chain  of  8  trapeziums,  and  another  of  16  triangles. 
The  collet  side  also  consists  of  a  minute  central  octagon,  from  every  angle  of  which  pro- 
ceeds a  ray  to  the  edge  of  the  girdle,  forming  the  whole  surface  into  8  trapeziums,  each 
of  which  is  again  subdivided  by  a  salient  angle  (whose  apex  touches  the  gurdle)  into  one 
irregular  pentagon  and  two  triangles. 

To  fashion  a  rough  diamond  into  a  brilliant,  the  first  step  is  to  modify  the  faces  of  the 
original  octahedron,  so  that  the  plane  formed  by  the  junction  of  the  two  pyramids  shall 
be  an  exact  square,  and  the  axis  of  the  crystal  precisely  twice  the  length  of  one  of  the 
sides  of  the  square.  The  octahedron  being  thus  rectified,  a  section  is  to  be  made  parallel 
to  the  common  base  or  girdlty  so  as  to  cut  off  5  eighteenths  of  the  whole  height  from  the 
upper  pyramid,  and  1  eighteenth  from  the  lower  one.  The  superior  and  larger  plane 
thus  produced  is  called  the  /a6/e,  and  the  inferior  and  smaller  one  is  called  the  collet ;  in 
this  state  it  is  termed  a  complete  square  table  diamond.  To  convert  it  into  a  brilliant, 
two  triangular  facets  are  placed  on  each  side  of  the  table,  thus  changing  it  from  a  square 
to  an  octagon ;  a  lozenge-shaped  facet  is  also  placed  at  each  of  the  four  comers  of  the 
table,  and  another  lozenge  extending  lengthwise  along  the  whole  of  each  side  of  the  ori- 
ginal square  of  the  table,  which  with  two  triangular  facets  set  on  the  base  of  each 
lozenge,  completes  the  whole  number  of  facets  on  the  table  side  of  the  diamond ;  viz.,  8 
lozenges,  and  24  triangles.  On  the  coUet  side  are  formed  4  irregular  pentagons,  alter- 
nating with  as  many  irregular  lozenges  radiating  from  the  collet  as  a  centre,  and  bordered 
by  16  triangular  facets  adjoining  the  girdle.  The  brilliant  being  thus  completed,  is  set 
with  the  table  side  uppermost,  and  the  collet  side  implanted  in  the  cavity  made  to  receive 
the  diamond.  The  brilliant  is  always  three  times  as  thick  as  the  rose  diamond.  In 
France,  the  thickness  of  the  brilliant  is  set  off  into  two  unequal  portions ;  one  third  is 
reserved  for  the  upper  part  or  table  of  the  diamond,  and  the  remaining  two  thirds  for  the 
lower  part  or  collet  (culasse).  The  table  has  eight  planes,  and  its  circumference  is  cut 
into  facets,  of  which  some  are  triangles,  and  others  lozenges.  The  collet  is  also  cut  into 
facets  called  pavillovu.  It  is  of  consequence  that  the  pavilions  lie  in  the  same  orde^  as 
the  upper  facets,  and  that  they  correspond  to  each  other,  so  that  the  symmetry  be  perfect, 
for  otherwise  the  play  of  the  light  would  be  false. 

Although  the  rose-diamond  projects  bright  beams  of  light  in  more  extensive  proportion 
often  than  the  brilliant,  yet  the  latter  shows  an  incomparably  greater  play,  from  the  differ- 
ence of  its  cutting.  In  executing  this,  there  are  formed  32  faces  of  different  figures,  and 
inclined  at  different  angles  all  round  the  table,  on  the  upper  side  of  the  stone.  On  the 
collet  (culasse)  24  other  faces  are  made  round  a  small  table,  which  converts  the  culasse 
into  a  truncated  pyramid.  These  24  facets,  like  the  32  above,  are  differently  inclined  and 
present  different  figures.  It  is  essential  that  the  faces  of  the  top  and  the  bottom  corres- 
pond together  in  sufficiently  exact  proportions  to  multiply  the  reflections  and  refractions, 
so  as  to  produce  the  colors  of  the  prismatic  spectrum. 

The  other  precious  stones,  as  well  as  their  artificial  imitations,  called  pasies,  are  cut  in 
the  same  fashion  as  the  brilliant ;  the  only  difference  consists  in  the  matter  constituting 

the  wheel  plates,  and  the  grinding  and  polishing  powders, 
as  already  stated. 

In  cutting  the  stones,  they  are  mounted  on  the  cement- 
rod  B,fig,  626,  whose  stem  is  set  upright  in  a  socket  placed 
in  the  middle  of  a  sole  piece  at  a,  which  receives  the  stem 
of  the  cement-rod.  The  head  of  the  rod  fills  the  cup  of  A. 
A  melted  alloy  of  tin  and  lead  is  poured  into  the  head  of  the 
cement-rod,  into  the  middle  of  which  the  stone  is  immediately 
f^\     —  ~-      plunged ;  and  whenever  the  solder  has  become  solid,  a  por- 

C^^  tion  of  it  is  pared  off  from  the  top  of  the  diamond,  to  give 

the  pyramidal  form  shown  in  the  figure  at  b. 

There  is  an  instrument  employed  by  the  steel  polishers  for  pieces  of  clock  work,  and 

by  the  manufacturers  of  watch-glasses  for  polishing  their  edges.      It  consists  of  a 

solid  oaken  Uble,  fig.  627.    The  top  is  perforated  with  two  holes,  one  for  passing 

through  the  pulley  and  the  arbor  of  the  wheel-phite  b,  made  either  of  lead  or  of  hard 
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wood,  according  to  circumstances ;  and  the  other  c  for  receiving  the  upper  part  of  the 
arbor  of  the  large  pulley  d.  The  upper  pulley  of  the  wheel  plate  is  supported  by  an  iron 
prop  K,  fixed  to  the  table  by  two  wooden  screws.  The  inferior  pivots  of  the  two  pieces 
are  supported  by  screw-sockets,  working  in  an  iron  screw-nut  sunk  into  the  summer-bar 
r.  The  legs  of  the  table  are  made  longer  or  shorter,  according  as  the  workman  chooses 
to  stand  or  sit  at  his  employment.  Emery  with  oil  is  used  for  grinding  down,  and  tin- 
putty  or  colcothar  for  polishing.  The  workman  lays  the  piece  on  the  flat  cf  the  wheel- 
plate  with  one  hand,  and  presses  it  down  with  a  lump  of  cork,  while  he  turns  round  the 
handle  with  the  other  hand. 

The  Sapphire,  Ruby,  Oriental  Amethyst,  Oriental  Emerald^  and  Oriental  Topaz,  are 
gems  next  in  value  and  hardness  to  diamond ;  and  they  all  consist  of  nearly  pure  alumina 
or  clay,  with  a  minute  portion  of  iron  as  the  coloring  matter.  The  following  analyses 
show  the  affinity  in  composition  of  the  most  precious  bodies  with  others  in  little  relative 
estimation. 


Alumina  or  clay 
SOica     - 
Oxyde  of  iron    - 
Lime      -            -            - 

Sapphire.            {      Corundum  Stone. 

Emery. 

98-5 
0-0 
1-0 
0-5 

89-50 
5-50 
1-25 
0-00 

860 
3-0 
4-0 
0-0 

100-0 

96-25 

93-0 

Salamitone  is  a  variety  which  consists  of  small  transparent  crystals,  generally  six-sided 
prisms,  of  pale  reddish  and  bluish  colors.  The  corundum  of  Battagammana  is  fre^^uently 
found  in  large  six-sided  prisms :  it  is  commonly  of  a  brown  color,  whence  it  is  called  by  ' 
the  natives  curundu  galU,  cinnamon  stone.  The  hair-brown  and  reddish-brown  crystals 
are  called  adamantine  spar.  Sapphire  and  salamstone  are  chiefly  met  with  in  secondary 
repositories,  as  in  the  sand  of  rivers,  &c.,  accompanied  by  crystals  and  grains  of  octahe- 
dral iron-ore  and  of  several  species  of  gems.  Corundum  is  found  in  imbedded  crystals  in 
a  rock,  consisting  of  indianite.     Adamantine  spar  occurs  in  a  sort  of  granite. 

The  finest  varieties  of  sapphire  come  from  Pegu,  where  they  occur  in  the  Capelan 
mountains  near  Syrian.  Some  have  been  found  also  at  Hohenstein  in  Saxony,  Bilin  in 
Bohemia,  Puy  in  France,  and  in  several  other  countries.  The  red  variety,  the  ruby,  is 
most  hisfhly  valued.  Its  color  is  between  a  bright  scarlet  and  crimson.  A  perfect  ruby 
above  3$  carats  is  more  valuable  than  a  diamond  of  the  same  weight.  If  it  weigh  1 
carat,  it  is  worth  10  guineas;  2  carats,  40  guineas;  3  carats,  150  guineas;  6  carats, 
above  1000  guineas.  A  deep  colored  ruby,  exceeding  20  carats  in  weight,  is  generally 
called  a  carbuncle ;  of  which  108  were  said  to  be  in  the  throne  of  the  Great  Mogul, 
weighing  from  100  to  200  carats  each;  hut  this  statement  is  probably  incorrect.  The 
largest  oriental  ruby  known  to  be  in  the  world  was  brought  from  China  to  Prince  Gar- 
garin,  governor  of  Siberia.  It  came  aAerwards  into  the  possession  of  Prince  Menzikofif, 
and  constitutes  now  a  jewel  in  the  imperial  crown  of  Russia. 

A  good  blue  sapphire  of  10  carats  is  valued  at  50  guineas.  If  it  weighs  20  carats,  its 
value  is  200  guineas ;  but  under  10  carats,  the  price  may  be  estimated  by  multiplying  the 
square  of  its  weight  in  carats  into  half  a  guinea ;  thus,  one  of  4  carats  would  be  worth 
49  X  i  G.  =  8  guineas.  It  has  been  said  that  the  blue  sapphire  is  superior  in  hardness 
to  the  red,  but  this  is  probably  a  mistake  arising  from  confounding  the  corundum  ruby 
with  the  spinelle  ruby.  A  sapphire  of  a  barbel  blue  color,  weighing  6  carats,  was  dis- 
posed of  in  Paris  by  public  sale  for  701.  sterling ;  and  another  of  an  indigo  blue,  weighing 
6  carats  and  3  grains,  brought  60/. ;  both  of  which  sums  much  exceed  what  the  preceding 
rule  assigns,  from  which  we  may  perceive  how  far  fancy  may  go  in  such  matters.  The 
sapphire  of  Brazil  is  merely  a  blue  tourmaline,  as  its  specific  gravity  and  inferior  hard- 
ness show.  White  sapphires  are  sometimes  so  pure,  that  when  properly  cut  and  polished 
they  have  been  passed  for  diamonds. 

The  yellow  and  green  sapphires  are  much  prized  under  the  names  of  Oriental  topaz 
and  emerald.  The  specimens  which  exhibit  all  these  colors  associated  in  one  stone  are 
highly  valued,  as  they  prove  the  mineralogical  identity  of  these  varieties. 

Besides  these  shades  of  color,  sapphires  of\en  emit  a  beautiful  play  of  colors,  or 
chatoifimenty  when  held  in  different  positions  relative  to  the  eye  or  incident  light ;  and 
some  likewise  present  star-like  radiations,  whence  they  are  called  star-stones  or  asterias ; 
sending  forth  6  or  even  12  rays,  that  change  their  place  with  the  position  of  the  stone. 
T'his  property,  so  remarkable  in  certain  blue  sapphires,  is  not,  however,  peculiar  to  these 
gems.     It  seems  to  belong  to  transparent  minerals  which  have  a  rhomboid  for  their 


LAPIDARY.  749 

nucleus,  and  arises  from  the  combination  of  certain  circumstances  in  their  cutting  and 
structure.  Lapidaries  oflen  expose  the  light-blue  variety  of  sapphire  to  the  action  of 
fire,  in  order  to  render  it  white  and  more  brilliant ;  but  with  regard  to  those  found  at 
Ezpailly,  in  France,  fire  deepens  their  color. 

3.  Ckrysoberyl,  called  by  Hauy,  Cymophane,  and  by  others.  Prismatic  corundum,  ranks 
next  in  hardness  to  sapphire,  being  8*5  on  the  same  scale  of  estimation.  Its  specific  grav- 
ity is  3*754.  It  usually  occurs  in  rounded  pieces  about  the  size  cf  a  pea,  but  it  is  also 
found  crystallized  in  many  forms,  of  which  $-sided  prisms  with  8-slded  summits  are  per- 
haps the  most  frequent.  Lustre  vitreous,  color  asparagus  green,  passing  into  greenish- 
white  and  olive-green.  It  shows  a  bluish  opalescence,  a  light  undulating,  as  it  were,  in 
the  stone,  when  viewed  in  certain  directions ;  which  property  constitutes  its  chief  at- 
traction to  the  jeweller.  When  poUshed,  it  has  been  sometimes  mistaken  for  a  yellow 
diamond ;  and  from  its  hardness  and  lustre  is  considerably  valued.  Good  specimens 
of  it  are  very  rare.  It  has  been  found  only  in  the  alluvial  deposites  of  rivers,  along  with 
other  species  of  gems.  Thus  it  occurs  in  Brazil,  along  with  diamonds  and  prismatic  to- 
I)az ;  edso  in  Ceylon.  Its  constituents  are  alumina,  68*66 ;  glucina,  16*00 ;  silica,  6*00 ; 
protoxyde  of  iron,  4*7 ;  oxyde  of  titanium,  2*66 ;  moisture,  0*66  j  according  to  Seybcrt's 
analysis  of  a  specimen  from  Brazil.  It  is  difficultly  but  perfectly  fusible  before  the  blow- 
pipe, with  borax  and  salt  of  phosphorus.  In  composition  it  diifers  entirely  from  sapphire, 
or  the  rhombohedral  corundum. 

4.  Spindle  RHby,  called  Dodecahedral  corundum,  by  some  mineralogists,  and  Balas 
ruby,  by  lapidaries.  Its  hardness  is  8.  Specific  gravity,  3*523.  Its  fundamental  form  is 
the  hexahedron,  but  it  occurs  crystallized  in  many  secondary  forms :  octahedrons,  tetra- 
hedrons, and  rhombohedrons.  Fracture,  conchoidal ;  lustre,  vitreous ;  color,  red,  passing 
into  blue  and  green,  yellow,  brown,  and  black ;  and  sometimes  it  is  nearly  white.  Red 
spineUe  consists  of  alumina,  74*5 ;  silica,  15*5 ;  magnesia,  8*25 ;  oxyde  of  iron,  1*5 ;  lime, 
0*75.  Vauquelin  discovered  6*18  per  cent,  of  chromic  acid  in  the  red  spinelle.  The 
red  varieties  exposed  to  heat  become  black  and  opaque ;  on  cooling,  they  appear  first 
green,  then  almost  colorless,  but  at  last  resume  their  red  color.  Pleonaste  is  a  variet}' 
which  yields  a  deep  green  globule  with  borax. 

Crystals  of  spinelle  from  Ceylon  have  been  observed  imbedded  in  limestone,  mixed 
with  mica,  or  in  rocks  containing  adularia,  which  seem  to  have  belonged  to  a  primitive 
district.  Other  varieties  like  the  pleonaste  occur  in  the  drusy  cavities  of  rocks  ejected 
by  Vesuvius.  Cr}'stals  of  it  are  of\en  found  in  diluvial  and  alluvial  sand  and  gravel, 
along  with  true  sapphires,  pjrramidal  zircon,  and  other  gems ;  as  also  with  octahedral  iron 
ore,  in  Ceylon.  Blue  and  pearl-gray  varieties  occur  in  Sudermannland,  in  Sweden,  im- 
bedded in  granular  limestone.  Pleonaste  is  met  with  also  in  the  diluvial  sands  of  Cey- 
lon. Clear  and  finely  colored  specimens  of  spinelle  are  highly  prized  as  ornamental 
stones.  When  the  weight  of  a  good  spinelle  exceeds  4  carats,  it  is  said  to  be  valued  at 
half  the  price  of  a  diamond  of  the  same  weight.  M.  Brard  has  seen  one  at  Paris  which 
weighed  215  grains. 

5.  Zircon  or  Hyacinth.  Its  fundamental  form  is  an  isosceles  4-sided  pyramid ;  and 
the  secondary  forms  have  all  a  pyramidal  character.  Fracture,  conchoidal,  uneven; 
lustre,  more  or  less  perfectly  adamantine ;  colors,  red,  brown,  yellow,  gray,  green,  white ; 
which,  with  the  exception  of  some  red  tints,  are  not  bright.  Hardness,  7*5.  Specific 
gravity,  4*5.  Zircon  and  hyacinth  consist,  according  to  Klaproth,  of  almost  exactly  the 
same  constituents ;  namely,  zirconia,  70  ;  silica,  25 ;  oxyde  of  iron,  5.  In  the  white 
zirconia  there  is  less  iron  and  more  silica.  Before  Ibe  blowpipe  the  hyacinth  loses  its 
color,  but  does  not  melt.  The  brighter  zircons  are  oAen  worked  up  into  a  brilliant  form, 
for  ornamenting  watch  cases.  As  a  gem,  hyacinth  has  no  high  value.  It  has  been  often 
confounded  with  other  stones,  but  its  very  great  specific  gravity  makes  it  to  be  readily 
recognised. 

6.  Topaz.  The  fundamental  form  is  a  scalene  4-sided  pyramid ;  but  the  secondary 
ibrms  have  a  prismatic  character ;  and  are  frequently  observed  in  oblique  4-sided  prisms, 
acuminated  by  4  planes.  The  lateral  planes  of  the  prism  are  longitudinally  striated. 
Fracture,  conchoidal,  uneven  ;  lustre,  vitreous ;  colors,  white,  yellow,  green,  blue ;  gen- 
erally of  pale  shades.  Hardness,  8 ;  specific  gravity,  3*5.  Prismatic  topaz  consists,  ac- 
cording to  Berzelius,  of  alumina,  57*45 ;  silica,  34*24 ;  fluoric  acid,  7*75.  In  a  strong 
heat  the  faces  of  crystallization,  but  not  those  of  cleavage,  are  covered  with  small  blis- 
ters, which  however  immediately  crack.  With  borax,  it  melts  slowly  into  a  transparent 
glass.  Its  powder  colors  the  tincture  of  violets  green.  Those  crystals  which  possess 
fUfierent  faces  of  crystallization  on  opposite  ends,  acquire  the  opposite  electricities  on 
being  heated.    By  friction,  it  acquireis  positive  electricity. 

Host  perfect  crystals  of  topaz  have  been  found  in  Siberia,  of  green,  blue,  and  white 
(Colors,  along  with  beryl,  in  the  Uralian  and  Altai  mountains,  as  also  in  Kamschatka ;  in 
Brazil,  where  they  generally  occur  in  loose  crystals,  and  pebble  forms  of  bright  yel- 
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low  colors ;  and  in  Mucla,  in  Asia  Biinor,  in  pale  straw-yellow  regular  oystala.  Thej 
are  also  met  vith  in  the  granitic  detritus  of  Cairngorm,  in  Aberdeenshire.  The  Une 
varieties  are  absurdly  called  oriental  aquamarine,  by  lapidaries.  If  exposed  to  heat,  the 
Saxon  topaz  loses  its  color  and  becomes  white ;  the  deep  yellow  Braaolian  varieties  as- 
sume a  pale  pink  hue ;  and  are  then  sometimes  mistaken  for  spinelle,  to  which,  howerer, 
they  are  somewhat  inferior  in  hardness.  Topaz  is  also  distinguishable  by  its  doobk 
refractive  property.  Tavemier  mentions  a  topaz,  in  the  possession  of  the  Great  Mogul, 
which  weiehed  157  carats,  and  cost  20,000/.  sterling.  There  is  a  specimen  in  the sniseiim 
of  natural  history  at  Paris  which  weighs  4  ounces  2  gros. 

Topazes  are  not  scarce  enough  to  be  much  valued  by  the  lapidary. 

7.  Emerald  and  Beryl  are  described  in  their  alphabetical  places.  Emerald  loses  its 
lustre  by  candle-light ;  but  as  it  appears  to  most  advantage  when  in  the  compcmy  of  dii^ 
monds,  it  is  frequently  surrounded  with  brilliants,  and  occasionally  with  pearls.  Beryl  is 
the  aquamarine  of  the  jewellers,  and  has  very  little  estimation  among  lapidaries. 

8.  Garnet,     See  this  stone  in  its  alphabetical  place. 

9.  Chrysolite,  called  Pet  idol,  by  Hauy ;  probably  the  topaz  of  the  ancients,  as  our  topti 
was  their  chr}'8olite.  It  is  the  softest  of  the  precious  stones,  being  scratched  by  qoarti 
and  the  file.    It  refracts  double. 

10.  Quartz,  including,  as  sub-species,  Amethyst,  Rock-crystal,  Roa-quartz,  ProM,  or 
Chrysoprase,  and  several  varieties  of  calcedony,  as  Cat's-eye,  Plasma,  Ckrysoprcue,  Oityx, 
Sardonyx,  &.c.  Lustre,  vitreous,  inclining  sometimes  to  resinous;  colors,  very  various; 
fracture,  conchoidal ;  hardness,  7 ;  specific  gravity,  2*69. 

11.  Opal,  or  uncleavable  quartz.  Fracture,  conchoidal ;  lustre,  vitreous  or  resinous; 
colors,  white,  yellow,  red,  brown,  green,  gray.  Lively  play  of  light ;  hardness,  5*5  to 
6*5;  specific  gravity,  2*091.  It  occurs  in  small  kidney-shaped  and  stalactitic  shapes, 
and  large  tuberose  concretions.  The  phenomena  of  the  play  of  colors  in  precions 
opal  has  not  been  satisfactorily  explained.  It  seems  to  be  connected  with  the  regular 
structure  of  the  mineral.  Hydrophane,  or  oculis  mundi,  is  a  variety  of  opal  without 
transparency,  but  acquiring  it  when  immersed  in  water,  or  in  any  transparent  fluid. 
Precious  opal  was  found  by  Klaproth  to  consist  of  silica,  90 ;  water,  10 ;  which  is  a 
very  curious  combination.  Hungary  has  been  long  the  only  locality  of  precious  opal, 
where  it  occurs  near  Caschau,  along  with  common  and  sehii-opal,  in  a  kind  of  porphyry. 
Fine  varieties  have*  however,  been  lately  discovered  in  the  Faroe  islands ;  and  most  beau- 
tiful ones,  sometimes  quite  transparent,  near  Gracias  a  Dios,  in  the  province  of  Hondu- 
ras, America.  The  red  and  yellow  bright  colored  varieties  of  fire-opal  are  found  near 
Zimapan,  in  Mexico.     Precious  opal,  when  fashioned  for  a  gem,  is  generally  cut  with  a 

.  convex  surface ;  and  if  large,  pure,  and  exhibiting  a  bright  play  of  colors,  is  of  consid- 
erable value.  In  modern  times,  fine  opals  of  moderate  bulk  have  been  frequently  sold 
at  the  price  of  diamonds  of  equal  size  :  the  Turks  being  particularly  fond  of  them.  The 
estimation  in  which  opal  was  held  by  the  ancients  is  hardly  credible.  They  called  it 
Paidcros,  or  Child  beautiful  as  love.  Nonius,  the  Roman  senator,  preferred  banishment 
to  parting  with  his  favorite  opal,  which  was  coveted  by  Mark  Antony.  Opal  which  a^ 
pears  quite  red  when  held  against  the  light,  is  called  girasol  by  the  French;  a  name  also 
given  to  the  sapphire  or  corundum  asterias  or  stai>stone. 

12.  Turquois  or  Calaite,  Mineral  turquois  occurs  massive;  fine-grained,  impalpable; 
fracture,  conchoidal ;  color,  between  a  blue  and  a  green,  sofl,  and  rather  bright ;  opaque ; 
hardness,  6 ;  spec,  grav.,  2*83  to  3*0.  Its  constituents  are  alumina,  73  ;  oxyde  of  copper, 
4*5 ;  oxyde  of  iron,  4 ;  water,  18 ;  according  to  Dr.  John.  But  by  Berzelius,  it  consists 
of  phosphate  of  alumina  and  lime,  silica,  oxydes  of  copper,  and  iron,  with  a  little  water. 
It  has  been  found  only  in  the  neighborhood  of  Nichabour  in  the  Khorassan,  in  Persia  { 
and  is  very  highly  prized  as  an  ornamental  stone  in  that  country.  There  is  a  totally  dif- 
ferent kind  of  turquois,  catted  bone  turquois,  which  seems  to  be  phosphate  of  lime  colored 
with  oxyde  of  copper.  When  the  oriental  stone  is  cut  and  polished,  it  forms  a  pleasing 
gem  of  inferior  value.  Malachite,  or  mountain  green,  a  compact  carbonate  of  copper, 
has  been  substituted  sometimes  for  turquois,  but  their  shades  are  different.  Malachite 
yields  a  green  streak,  and  tttrquois  a  white  one. 

13.  Lapis  lazuli  is  of  little  value,  on  account  of  its  softness. 

LEAD  (Plomb,  Fr. ;  Blei,  €lerm.).  This  is  one  of  the  metals  most  anciently  known, 
being  mentioned  in  the  books  of  Moses.  It  has  a  gray-blue  color,  with  a  bright 
metallic  lustre  when  newly  cut,  but  it  becomes  soon  tarnished  and  earthy  looking  in  the 
air.  Its  texture  is  close,  without  perceptible  cleavage  or  appearance  of  structure ;  the 
specific  gravity  of  common  lead  is  11*352;  but  of  the  pure  metal,  from  11-38  to 
11*44.  It  is  very  malleable,  and  ductile,  but  soA  and  destitute  of  elasticity ;  fVisible 
at  612°  Fahr.,  by  Crighton,  at  634**  by  Kupfer,  and  crystallizable  on  cooling,  into 
octahedrons  implanted  into  each  other  so  as  to  form  an  assemblage  of  four-sided 
pyramids. 
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There  are  four  oxydes  of  lead,  1.  The  snboxyde,  of  a  ^yish-blae  color,  which 
rorms  a  kind  of  crust  apon  a  plate  of  lead  long  exposed  to  the  air.  It  is  procured  in  a 
perfect  state  by  calcining  oxalate  of  lead  in  a  retort ;  the  dark  gray  powder  which  re- 
mains, is  the  pure  suboxyde.  2.  The  protoxyde  is  obtained  by  exposing  melted  lead  to 
the  atmosphere,  or,  more  readily,  by  expelling  the  acid  from  the  nitrate  of  lead  by  heat  in 
a  platinum  crucible.  It  is  yellow,  and  was  at  one  time  prepared  as  a  pigment  by  cal- 
cining lead ;  bat  is  now  superseded  by  the  chromate  of  this  metaL  Litharge  is  merely 
this  oxyde  in  the  form  of  small  spangles,  from  having  undergone  fusion ;  it  is  more  or 
less  contaminated  with  iron,  copper,  and  sometimes  a  little  silver.  It  contains  likewise 
some  carbonic  acid.  The  above  oxyde  consists  of  104  of  metal,  and  8  of  oxygen,  its 
prime  equivalent  being  112,  upon  the  hydrogen  scale;  and  it  is  the  base  of  all  the  raits 
of  lead.  3.  The  plumbeous  suroxyde  of  Berzelius,  the  scsquioxyde  of  some  British  chem- 
ists, is  the  well-known  pigment  called  red  lead  or  minium.  It  consists  of  100  parts  of 
metal  and  10  of  oxygen.  4.  The  plumbic  suroxyde  of  Berzelius,  or  the  peroxyde  of  the 
British  chemists,  is  obtained  by  putting  red  lead  in  chlorine  water,  or  in  dilute  nitric  acid. 
It  is  of  a  dark  brown,  almost  bbtck  color,  which  gives  out  oxygen  when  heated,  and  be- 
comes yellow  oxyde.  It  kindles  sulphur  when  triturated  with  it.  This  oxyde  is  used  by 
the  analytical  chemist  to  separate,  by  condensation,  the  sulphurous  acid  existing  in  a 
gaseous  mixture. 

Among  the  ores  of  lead  some  have  a  metallic  aspect ;  are  black  in  substance,  as 
well  as  when  pulverized ;  others  have  a  stony  appearance,  and  are  variously  colored, 
with  usually  a  vitreous  6r  greasy  lustre.  The  specific  gravity  of  the  latter  ores  is 
always  less  than  5.  The  whole  of  them,  excepting  the  chloride,  become  more  or  less 
speedily  black,  with  sulphureted  hydrogen  or  with  hydrosulphurets ;  and  are  easily 
reduced  to  the  metallic  state  upon  charcoal,  with  a  flux  of  carbonate  of  soda,  aAer  they 
have  been  properly  roasted.  They  diffuse  a  whitish  or  yellowish  powder  over  the 
charcoal,  which,  according  to  the  manner  in  which  the  flame  of  the  blowpipe  is  directed 
upon  it,  becomes  yellow  or  red ;  thus  indicating  the  two  characteristic  colors  of  the  oxydes 
uf  lead. 

We  shall  not  enter  here  into  the  controversy  concerning  the  existence  of  native  lead, 
which  has  been  handled  at  length  by  M.  Brongniart  in  the  Didionnaire  du  Scienc€$  Nat- 
ureUe$,  article  Ploinb,  Mineralogii, 

The  lead  ores  most  interesting  to  the  arts  are : — 

1.  Galena^  sulphoret  of  lead.  This  ore  has  the  metallic  lustre  of  lead  with  a  crystal- 
line structure  derivable  from  the  cube.  When  heated  cautiously  at  the  blowpipe  it  is 
decomposed,  the  sulphur  flies  oflf,  and  the  lead  is  lefl  alone  in  fusion ;  but  if  the  heat  be 
continued,  the  colored  surface  of  the  charcoal  indicates  the  conversion  of  the  lead  into 
its  oxydes.  Galena  is  a  compound  of  lead  and  sulphur,  in  equivalent  proportions,  and 
therefore  consists,  in  100  parts,  of  86}  of  metal,  and  13 }  of  sulphur,  with  which  numbers 
the  analysis  of  the  galena  of  Clausthid  by  Westrumb  exactly  agrees.  Its  specific  grav- 
ity, when  pure,  is  7-56.  Its  color  is  blackish  gray,  without  any  shade  of  red,  and  its  pow- 
der is  black,  characters  which  distinguish  it  from  blende  or  sulphuret  of  zinc.  Its  struc- 
ture in  mass  is  lamellar,  passing  sometimes  into  the  fibrous  or  granular,  and  even  compact. 
It  is  brittle.  The  specular  galena,  so  called  from  its  brightly  polished  aspect,  is  remark- 
able for  formini^  the  alickensides  of  Derbyshire — thin  seams,  which  explode  with  a  loud 
noise  when  accidentally  scratched  in  the  mine. 

The  argentiferous  galena  has  in  general  all  the  external  characters  of  pure  galena. 
The  proportions  of  silver  vary  from  one  fiAh  part  of  the  whole,  as  at  Tamowitz,  m  Sile- 
sia, to  three  parts  in  ten  thousand,  as  in  the  ore  called  by  the  German  miners  Weisglilti- 
gerz ;  but  it  must  be  obsewed,  that  whenever  this  lead  ore  contains  above  5  per  cent,  of 
silver,  several  other  metals  are  associated  with  it.  The  mean  proportion  of  silver  in 
galena,  or  that  which  makes  it  be  considered  practically  as  an  argentiferous  ore,  because 
the  silver  may  be  profitably  extracted,  is  about  two  parts  in  the  thousand.  See  Silveb. 
The  above  rich  silver  ores  were  first  observed  in  the  Freyberg  mines,  called  Himmels- 
furst  and  Beschertgluck,  combined  with  sulphuret  of  antimony ;  but  they  have  been  no- 
ticed since  in  the  Hartz,  in  Mexico,  and  several  other  places. 

The  antimonial  galena  (Boum(mite)  exhales  at  the  blowpipe  the  odor  peculiar  to  anti- 
mony, and  coats  the  charcoal  with  a  powder  partly  while  and  partly  red.  It  usually  con- 
tains some  arsenic. 

2.  The  Seleniuret  of  lead  resembles  galena,  but  its  tint  is  bluer.  Its  chemical  char- 
acters are  the  only  ones  which  can  be  depended  on  for  distinguishing  it.  At  the 
blowpipe  it  exhales  a  very  perceptible  smell  of  putrid  radishes.  Nitric  acid  liberates 
the  selenium.  When  heated  in  a  tube,  oxyde  of  selenium  of  a  carmine  red  rises  along 
with  selenic  acid,  white  and  deliquescent.  The  specific  gravity  of  this  ore  varies  from 
6-8  to  7-69. 

3.  Native  minium  or  red  lead  has  an  earthy  aspect,  of  a  lively  and  nearly  pore  red 
color,  but  sometimes  inclining  to  orange.     It  occurs  pulverulent,  and  also  compact. 
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with  a  (Vacture  somewhat  lameUar.  When  heated  at  die  blowpipe  upon  chsrecwl,  it  i» 
readily  reduced  to  metallic  lead.  Its  specific  graTity  varies  from  4*6  to  8*9.  Hub  or 
is  rare. 

4.  Plomh'gomme. — This  lead  ore,  as  singular  in  appearance  as  in  compositioii,  is 
of  a  dirty  brownish  or  orange-yellow,  and  occurs  under  the  form  of  globular  or  gum-like 
concretions^  It  has  also  the  lustre  and  translucency  of  gum ;  with  somewhat  of  a 
pearly  aspect  at  times.  It  is  harder  than  fluor  spar.  It  consists  of  oxyde  of  lead,  40; 
alumina,  37 ;  water,  18*8 ;  foreign  matters  and  loss,  4*06 ;  in  100.  Hitherto  it  has 
been  found  only  at  Huelgoet,  near  Poullaouen,  in  Brittany,  corenng  with  its  tears  or 
small  concretions  the  ores  of  white  lead  and  galena  which  compose  the  veins  of  that 
lead  mine. 

5.  White  leady  carbonate  of  lead. — This  ore,  in  its  purest  state,  is  coloriess  and  tiaos- 
parent  like  glass,  with  an  adamantine  lustre.  It  may  be  recognised  by  the  following 
characters : — 

lis  specific  gravity  is  from  6  to  6*7 ;  it  dissolves  with  more  or  less  ease,  and  with 
efibrvescence,  in  nitric  acid ;  becomes  immediately  black  by  the  action  of  sulphureted 
hydrogen,  and  melts  on  charcoal  before  the  blowpipe  into  a  button  of  lead.  According  to 
Klaproth,  the  carbonate  of  Leadhills  contains  82  parts  of  oxyde  of  lead,  and  16  of  car- 
bonic acid,  in  98  parts.  This  mineral  is  tender,  scarcely  scratches  calc-spar,  and  breakf 
easily  with  a  waved  conchoidal  fracture.  It  possesses  the  double  refracting  property  in  a 
very  high  degree ;  the  double  image  being  very  visible  on  looking  through  the  flat  faees 
of  the  prismatic  crystals.  Its  crj'stalline  forms  are  very  numerous,  and  are  referrible  to 
the  octahedron,  and  the  pyramidal  prism. 

6.  Vitreous  leady  or  sulphate  of  lead, — This  mineral  closely  resembles  carbonate  of 
lead ;  so  that  the  external  characters  are  inadequate  to  distinguish  the  two.  But  the 
following  are  sufficient.  When  pure,  it  has  the  same  transparency  and  lustre.  It  does 
not  effervesce  with  nitric  acid ;  it  is  but  feebly  blackened  by  sulphureted  hydrogen  ;  it 
first  decrepitates  and  then  melts  before  the  blowpipe  into  a  transparent  glass,  which  b^ 
comes  milky  as  it  cools.  By  the  combined  action  of  heat  and  charcoal,  it  passes  first  into 
n  red  pulverulent  oxyde,  and  then  into  metallic  lead.  It  consists,  according  to  Klaproth, 
of  71  oxyde  of  lead,  25  sulphuric  acid,  2  water,  and  1  iron.  That  specimen  was  from 
Anglesea ;  the  Wanlockhetid  mineral  is  free  from  iron.  The  prevailing  form  of  crystal- 
lization is  the  rectangular  octahedron,  whose  angles  and  edges  are  variously  modified. 
The  sulphato-carbonate,  and  sulphato  tri-carbonate  of  lead,  now  ealled  LeadhiUite^  are 
rare  minerals  which  belong  to  this  head. 

7.  Phosphate  of  lead, — This,  like  all  the  combination^  of  lead  with  an  acid,  exhibits  no 
metallic  lustre,  but  a  variety  of  colors.  Before  the  blowpipe  upon  charcoal,  it  melts  into 
a  globule  externally  crystalline,  which,  by  a  continuance  of  the  heat,  with  the  addition  of 
iron  and  boracic  acid,  affords  metallic  lead.  Its  constituents  are  80  oxyde  of  lead,  18  phos- 
phoric acid,  and  1*6  muriatic  acid,  according  to  Klaproth's  analysis  of  the  mineral  from 
Wanlockhead.  The  constant  presence  of  muriatic  acid  in  the  various  specimens  exam- 
ined is  a  remarkable  circumstance.  The  crystalline  forms  are  derived  from  an  obtuse 
rhomboid.  Phosphate  of  lead  is  a  little  harder  than  white  lead ;  it  is  easily  scratched, 
and  its  powder  is  always  gray.  Its  specific  gravity  is  6*9.  It  has  a  vitreous  lustre,  some- 
what adamantine.  Its  lamellar  texture  is  not  very  distinct ;  its  fracture  is  wavy,  and  it 
is  easily  frangible.  The  phosphoric  and  arsenic  acids  being,  according  to  M.  Mitscher- 
lich,  isomorphous  bodies,  may  replace  each  other  in  chemical  combinations  in  every  pro- 
])ortion,  so  that  the  phosphate  of  lead  may  include  any  proportion,  from  the  smallest  frac- 
tion of  arsenic  acid  to  the  smallest  fraction  of  phosphoric  acid,  thus  graduating  indefi- 
nitely into  arseniate  of  lead.  The*  yellowish  variety  indicates,  for  the  most  part,  the 
presence  of  arsenic  acid. 

8.  Muriate  of  lead,  Horn-leady  or  murio^arbonaie, — This  ore  has  a  ]mle  yellow  color, 
is  reducible  to  metallic  lead  by  the  agency  of  soda,  and  is  not  altered  by  the  hydrosnl- 
phurets.  At  the  blowpipe  it  melts  first  into  a  pale  yellow  transparent  globule,  with  salt 
of  phosphorus  and  oxyde  of  copper ;  and  it  manifests  the  presence  of  muriatic  acid  by  a 
bluish  flame.  It  is  fragile,  tender,  soi\er  than  carbonate  of  lead,  and  is  sometimes  almost 
colorless,  with  an  adamantine  lustre.  Spec,  grav.,  606.  Its  constituents,  according  to 
Berzelius,  are  lead,  25*84 ;  oxyde  of  lead,  57*07 ;  carbonate  of  lead,  6*25  j  chlorine,  8*84 ; 
silica,  1*46 ;  water,  0*54 ;  in  100  parts.  The  carbonate  is  an  accidental  ingredient,  not 
being  in  equivalent  proportion.  Klaproth  found  chlorine,  13*67 ;  lead,  39*98 ;  oxyde  of 
lend,' 22*57;  carbonate  of  lead,  23*78. 

'  9.  Arseniate  of  lead, — Its  color  of  a  pretty  pure  yellow,  bordering  slightly  on  the 
jptlenish,  and  its  property  of  exhaling  by  the  joint  action  of  fire  and  charcoal  a  very 
distinct  arsenical  odor,  are  the  only  characters  which  distinguish  this  ore  from  the  phos- 
phate of  lead.  The  form  of  the  arseniate  of  lead,  when  it  is  crystallized,  is  a  prism  with 
six  faces,  of  the  same  dimensions  as  that  of  phosphate  of  lead.  When  pure,  it  is  redo- 
eiUe  upon  charoO|J,  before  the  blowpipe^  into  metallic  lead,  with  the  copious  exhalation 
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(if  arsenical  fumes ;  bat  only  in  part,  and  leaving  a  crystalline  globule,  when  it  contaiiMi 
any  phosphate  of  lead.  The  arseniate  of  lead  is  tender,  friable,  sometimes  even  pulTe- 
mlent,  and  of  specific  gravity  5'04.  That  of  Johann-Georgenstadt  consists,  according  to 
Rose,  of  oxyde  of  lead  77*5;  arsenic  acid  12*5;  phosphoric  acid  7*5,  and  mnrialie 
acid  1*5. 

10.  Jled  Uadj  or  Ckromate  of  Uad» — This  mineral  is  too  rare  to  require  oonsidentioo 
in  the  present  work. 

11.  Ptomb  vanquelinite,    ChromaU  of  Uad  and  copper, 

12.  Yellow  lead.    MoltfbdaUof  lead. 

13.  Tung$taie  of  lead. 

Having  thus  enumerated  the  several  species  of  lead  ore,  we  may  remark,  tjiat  galena 
ia  the  only  one  which  occurs  in  sufliciently  great  masses  to  become  the  object  of  mining 
and  metallurgy.  This  mineral  b  found  in  small  quantity  among  the  crystalline  primitive 
rocks,  as  granite.  It  is  howevei  among  the  oldest  talc-schists  and  clay  slates,  that  it  U8U> 
ally  occurs.  But  galena  i»  much  more  abundant  among  the  transition  rodcs,  being  its 
principal  locality,  where  it  exists  in  interrupted  beds,  masses,  and  more  rarely  in  veins. 
The  blackish  transition  limestone  is  of  all  rocks  that  which  contains  most  galena ;  as  at 
Pierreville  in  Normandy ;  at  Clausthal,  Zellerfeldt,  and  most  mines  of  the  Harz ;  at  Fahlun, 
in  Sweden ;  in  Derbyshire  and  Northumberland,  8cc,  In  the  transition  graywacke  of  the 
south  of  Scotland,  the  galena  mines  of  Leadhills  occur.  The  galena  of  the  primitive 
formations  contains  more  silver  than  that  of  the  calcareous. 

The  principal  lead  mines  at  present  worked  in  the  world,  are  the  following:  1. 
Poullaoucn  and  Huelgoet  near  Carhaix  in  France,  department  of  Finisterre,  being  veins 
of  galena,  which  traverse  a  clay  slate  resting  upon  granite.  They  have  been  known  for 
fipwards  of  three  centuries ;  the  workings  penetrate  to  a  depth  of  upwards  of  300  yards, 
and  in  1816  furnished  500  tons  of  lead  per  annum,  out  of  which  1034  pounds  avoirdi»- 
pois  of  silver  were  extracted.  2.  At  VUleforte  and  ViaUaz,  department  of  the  Loz^re, 
are  galena  mines  said  to  produce  100  tons  of  lead  per  anwum,  with  400  kilogrammes  of 
silver  (880  lbs.  avoird.).  3.  At  Pezey  and  Macot,  to  the  east  of  Mouticrs  in  Savoy,  a 
galena  mine  exists  in  talc-schist,  which  has  produced  annually  200  tons  of  lead,  and 
about  600  kilogrammes  of  silver  (1320  lbs.  avoird.).  4.  The  mine  of  Vedrin,  near 
Namur  in  the  Low  Countries,  is  opened  upon  a  vein  of  galena,  traversing  compact  lime- 
stone of  a  transition  district ;  it  has  furnished  200  tons  of  lead,  from  which  385  pounds 
avoird.  of  silver  were  extracted.  5.  In  Saxony  the  galena  mines  are  so  rich  in  silver  as 
to  make  the  lead  be  almost  overlooked.  They  are  enumerated  under  silver  ores.  6.  The 
lead  mines  of  the  Harz  have  been  likewise  considered  as  silver  ores.  7.  Those  of  Bley- 
beig  in  the  Eifel  are  in  the  same  predicament.  8.  The  galena  mines  of  Bleyberg  and 
Vilkch  in  Carinthia,  in  compact  limestone.  9.  In  Bohemia,  to  the  south-west  of  Prague. 
10.  The  mines  of  Joachimsthal,  and  Bleystadt,  on  the  southern  slope  of  the  Erzgcbirge, 
produce  argentiferous  galena.  11.  There  are  numerous  lead  mines  in  Spain,  the  moat 
important  being  in  the  granite  hills  of  Linares,  upon  the  southern  slope  of  the  Sierra 
Morena,  and  in  the  district  of  the  small  town  of  Canjagar.  Sometimes  enormous  masses 
of  galena  arc  extracted  from  the  mines  of  Linards.  There  are  also  mines  of  galena  in 
Catalonia,  Grenada,  M urcia,  and  Almeria,  the  ore  of  the  last  locality  being  generally  poor 
in  silver.  12.  The  lead  mines  of  Sweden  are  very  argentiferous,  and  work^  chiefly  with 
a  view  to  the  silver.  13.  The  lead  mines  of  Daouria  are  numerous  and  rich,  lying  in  a 
transition  limestone,  which  rests  on  primitive  rocks ;  their  lead  is  neglected  on  account 
of  the  silver. 

14.  Of  all  the  countries  in  the  world.  Great  Britain  is  that  which  annually  produces  the 
fipreatest  quantity  of  lead.  According  to  M.  Villefosse,  in  his  Biduase  MineraUy  published 
in  1810,  we  had  furnished  every  year  12,500  tons  of  lead,  whilst  all  the  rest  of  Europe 
taken  together,  did  not  produce  so  much ;  but  from  more  recent  documents,  that  estimate 
seems  to  have  been  too  low.  Mr.  Taylor  has  rated  the  total  product  of  the  United  King-^ 
dom  per  ammum  at  31,900  tons,  a  quantity  fully  2|  times  greater  than  the  estimate  of 
Villefosse  (see  Conybeare  and  Phillips's  Geology,  p.  354).  Mr.  Taylor  distributes  this. 
ptToduct  among  the  different  districts  as  follows : — 

Ton*. 

Wales,  (Flintshire  and  Denbigshlre)        ......  7,500 

Scotland,  (in  transition  graywacke)        ......  2,800 

Durham,  Cumberhind,  and  Yorkshire,  (in  carboniferous  lime)    -        .  19,000 

Derbyshire,  (probably  in  carboniferous  lime)          ....  1,000 

Shropshire 800 

Devon  and  Cornwall,  (transition  and  primitive  rocks)    ...  800 

Total 31,900 

We  thm  see  that  Cnmberlandi  and  the  adjacent  parts  of  the  eovmtks  ef  Dtriiam  and 
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York,  furnish  of  themselves  nearly  three  fiAhs  of  the  total  prodaet  Derbyriilre 
formerly  much  more  productive.  In  Cornwall  and  Devonshire,  the  lead  ore  is  found  in 
veins  in  kiUnsy  a  clay-«late  passing  into  graywacke.  In  North  Wales  and  the  adjacent 
counties,  as  well  as  in  Cumberland  and  Derbyshire,  the  lead  occurs  in  the  carboiiifenMif 
limestone. 

The  English  lead-miners  distinguish  three  different  kinds  of  deposites  of  lead  ore ; 
rak£-vein.f,  pipe-veirUf  and  JUU'Veina,  The  English  word  vein  corresponds  to  the  French 
term  fiUm;  but  miners  make  use  of  it  indifferently  in  England  and  France,  to  indicate 
all  the  deposites  of  this  ore,  adding  an  epithet  to  distinguish  the  different  forms ;  thus, 
rake  veins  are  true  veins  in  the  geological  acceptation  of  the  word  vein ;  p^fe-^veint  are 
masses  usually  very  narrow,  and  of  oblong  shape,  most  frequently  paiaUei  to  the  plane 
of  the  rocky  strata ;  and  Jlai^eina  are  small  beds  of  ores  interposed  in  the  middle  of 
tiiese  strata. 

Rake'veins  are  the  most  common  form  in  which  lead  ore  occurs  in  Cumberland. 
They  are  in  general  narrower  in  the  sandstone  which  covers  the  limestone,  than  in  the 
calcareous  beds.  A  thidcness  of  less  than  a  foot  in  the  foxntgr,  becomes  suddenly  3  or 
4  feet  in  the  latter ;  in  the  rich  vein  of  Hudgillbum,  the  thickness  is  17  feet  in  the 
Great  limestone ,  while  it  does  not  exceed  3  feet  in  the  overlying  WaiersUl  or  sandstone. 
This  influence  exercised  on  the  veins  by  the  nature  of  the  enclosing  rock,  is  instructive; 
it  determines  at  the  same  time  almost  uniformly  their  richness  in  lead  ore,  an  observatioii 
similar  to  what  has  been  made  in  other  countries,  especially  in  the  veins  of  Koagsbuig 
in  Norway.  The  Cumberland  veins  are  constantly  richer,  the  more  powerful  they  are,  in 
the  portions  which  traverse  the  calcareous  rocks,  than  in  the  beds  of  sandstone,  and  more 
particularly  the  schistose  rocks.  It  is  rare  in  the  rock  called  plate  (a  solid  slaty  clay) 
for  the  vein  to  include  any  ore ;  it  is  commonly  filled  with  a  species  of  potter^  eartlu 
The  upper  calcareous  beds  are  also  in  general  more  productive  than  the  lower  one^  In 
most  of  these  mines,  the  veins  were  not  worked  till  lately  below  the  fifth  calcareous  bed 
(the  four-fathom  limestone),  which  is  307  yards  beneath  the  mill-stone  grit ;  and  as  the 
first  limestone  stratum  is  108  yards  beneath  K,  it  follows  that  the  thickness  of  the  part 
of  the  ground  where  the  veins  are  rich  in  lead  does  not  in  general  exceed  200  ywds.  It 
appears  however  that  veins  have  been  mined  in  the  neighborhood  of  Alston  Moor,  down- 
wards to  the  eleventh  calcareous  stratum,  or  Tyne  bottom  limestone,  which  is  418  yards 
under  the  millstone-grit  of  the  coal  formation,  immediately  above  the  whin-«in ;  and  that 
they  have  been  followed  above  the  first  limestone  stratum,  as  high  as  the  grindstone  sill, 
which  is  only  83  yards  below  the  same  stratum  of  mill-stone  grit ;  so  that  in  the  total 
thickness  of  the  plumbiferous  formation  there  is  more  than  336  yards.  It  has  been 
asserted  that  lead  veii^  have  been  traced  even  further  down,  into  the  Memerby  sear  lime- 
stone ;  but  they  havajbt  been  mined. 

The  greatest  enricnment  of  a  vein  takes  place  commonly  in  the  points  where  its  two 
sides,  being  not  far  asunder,  belong  to  the  same  rock  ;  and  its  impoverishment  ooeurs 
when  one  side  is  calcareous  and  the  other  a  schistose  clay.  The  minerals  which  most 
frequently  accompany  the  galena,  are  carbonate  of  lime,  fluate  of  lime,  sulphate  of 
baryta,  quartz,  and  pyrites. 

The  pipe-veins  {amas  in  French)  are  seldom  of  great  length ;  but  some  have  a  eon- 
siderable  width ;  their  composition  being  somewhat  similar  to  that  of  the  rake^veifma. 
They  meet  commonly  in  the  neighborhood  of  the  two  systems,  sometimes  being  in  evident 
communication  together ;  they  are  occasionally  barren ;  but  when  a  wide  pipe-vein  is 
metalliferous,  it  is  said  to  be  very  productive. 

The  fiat  veins,  or  strata  veins,  seem  to  be  nothing  else  than  expansions  of  the  matter 
of  the  vein  between  the  planes  of  the  strata ;  and  contain  the  same  ores  as  the  veins  in 
their  vicinity.  When  they  are  metalliferous,  they  are  worked  along  with  the  adjacent 
rake  vein ;  and  are  productive  to  Only  a  certain  distance  from  that  vein,  unless  they  get 
cilriched  by  crossing  a  rake  vein.  Some  examples  have  been  adduced  of  advantageons 
workings  in  flat  veins  in  the  great  limestone  of  Cumberland,  particularly  in  the  mines  of 
Coalcleugh  and  Nenthead.  The  rake  veins,  however,  furnish  the  greater  part  of  the 
lead  which  Cumberland  and  the  adjacent  counties  send  every  year  into  the  maricet.  Mr. 
Forster  gives  a  list  of  165  lead  mines,  which  have  been  formerly,  or  are  now,  worked  in 
that  district  of  the  kingdom. 

The  metalliferous  limestone  occupies,  in  Derbyshire,  a  length  of  about  25  miles  from 
north-west  to  south-east,  under  a  very  variable  breadth,  which  towards  the  souths 
amounts  to  25  miles.  Castleton  to  the  north,  Buxton  to  the  north-west,  and  Matlock 
to  the  south-east,  lie  nearly  upon  its  limits.  It  is  surrounded  on  almost  all  sides  by  the 
mill-stone  grit  which  covers  it,  and  which  is,  in  its  turn,  covered  by  the  coal  strata. 
The  nature  of  the  rocks  beneath  the  limestone  is  not  known.  In  Cumberland  the 
metalliferous  limestone  includes  a  bed  of  trap,  designated  under  the  name  dT  whinailL 
In  Derbyshire  the  trap  is  much  more  abundant,  and  it  is  thrice  interposed  between  ths 
limestoti^.    These  two  nxdcs  ooiUfCitirte  of  themsdveM  theiHiole  BittenQ  maasy  throngii  m 
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thickness  of  about  550  yards,  measuring  fVom  the  millstone  grit ;  only  in  the  npper  portion, 
that  is,  near  the  millstone  grit,  there  is  a  pretty  considerable  thidmess  of  argillo-calcareoos 
schists. 

Four  great  bodies  or  beds  of  limestone  are  distingaishable,  which  alternate  with  three 
masses  of  trap,  called-  toadstone.  The  lead  veins  exist  in  the  calcareous  strata,  but  disap- 
pear at  the  limits  of  the  toadstone.  It  has  now  been  ascertained,  however,  that  they  re- 
cur in  the  limestone  underneath. 

Treatment  of  ike  Ores  of  Lead, 

The  mechanical  operations  performed  upon  the  lead  ores  in  Great  Britain,  to  bring  them 
to  the  degree  of  purity  necessary  for  their  metallurgic  treatment,  may  be  divided  into  three 
classes,  whose  objects  are,'- 

1.  The  ear  ting  and  cUanemg  of  the  ore$  ; 

2.  The  grinding ; 

3.  The  vMuhingf  properly  so  caUed, 

The  apparatus  subservient  to  the  first  objects  are  sieves,  running  buddies,  and  gratings. 
The  large  sieves  employed  in  Derbyshire  for  sorting  the  ore  at  the  mouth  of  the  mine, 
into  coarse  and  fine  pieces,  is  a  wire  gauze  of  iron ;  its  meshes  are  square,  and  an  inch 
long  in  each  side.  There  is  a  lighter  sieve  of  wire  gauze,  similar  to  the  preceding,  for 
washing  the  mud  from  the  ore,  by  agitating  the  fragments  in  a  tub  filled  with  water. 
But  in  Derbyshire,  instead  of  using  this  sieve,  the  pieces  of  ore  are  sometimes  merely 
stirred  about  with  a  shovel,  in  a  trough  filled  with  water.  This  is  callcxl  a  standing  buddie  ; 
m  most  defective  plan. 

The  running  buddle  serves  at  once  to  sort  and  cleanse  the  ore.  It  consists  of  a  plane 
surface  made  of  slabs  or  planks,  very  slightly  inclined  forwards,  and  provided  behind 
«nd  on  the  sides  with  upright  ledges,  the  Imck  one  having  a  notch  to  admit  a  stream  of 
water.  The  oi^e  is  merely  stirred  about  with  a  shovel,  and  exjKysed  on  the  slope  to  the 
stream.  For  this  apparatus,  formerly  the  only  one  used  at  the  mines  of  Alston  Mo^r, 
the  following  has  been  substituted,  called  the  grate.  It  is  a  grid,  composed  of  square 
iMirs  of  iron,  an  inch  thick,  by  from  24  to  32  inches  long,  placed  horizontally,  and 
parallelly  to  each  other,  an  inch  apart.  There  is  a  wooden  canal  above  the  grate,  which 
conducts  a  stream  of  water  over  its  middle ;  and  an  inclined  plane  is  set  beneath  it,  which 
leads  to  a  hemispherical  basin,  about  24  inches  in  diameter,  for  collecting  the  metallic 
powder  washed  out  of  the  ore. . 

The  apparatus  subservient  to  grinding  the  ore  are, — 

].  The  btkcker,  or  beater,  formed  of  a  cast-iron  plate,  3  inches  square,  with  a  socket 
in  its  upper  suiface,  for  receiving  a  wooden  handle.  In  the  meighborhood  of  Alston- 
Moor,  crushing  cylinders  have  been  substituted  for  the  beating  ||||cker ;  but  even  now, 
in  Derbyshire,  buckers  are  generally  employed  for  breaking  the  pi^es  of  mixed  ore,  called 
kuockstone-stuff. 

At  the  mines  of  this  county,  the  knocker^s  workshop,  or  striking  floor,  is  provided 
either  with  a  strong  stool,  of  a  wall  3  feet  high,  beyond  which  there  is  a  flat  area  4  feet 
broad,  and  a  little  raised  behind.  On  this  area,  bounded,  except  in  fVont,  by  small 
walls,  the  ore  to  be  bruised  is  placed.  On  the  stool,  or  wall,  a  very  hard  stone  slab,  or 
cast-iron  plate  is  laid,  7  feet  long,  7  inches  broad,  and  1|  inches  thick,  called  a  knock- 
a'one.  The  workmen  seated  before  it,  break  the  pieces  of  mixed  ore,  called  bowse  in  Der- 
byshire, with  the  bucker. 

Cm^ing  nuichines  are  in  general  use  at  Alston  Moor,  to  break  the  mingled  ores, 
which  they  perform  with  great  economy  of  time  and  labor.  They  have  been  employed 
there  for  nearly  forty  years. 

This  machine  is  composed  of  one  pair  of  fluted  cylinders,  x  x,  fig.  628,  and  of  two  pairs 
<tf  smooth  cylinders  z  z,  z"  z",  which  serve  alto$(ether  for  crushing  the  ore.  The  two 
flinders  of  each  of  the  three  pairs  turn  simultaneously  in  an  inverse  direction,  by 
means  of  two  toothed  wheels,  as  at  m,  fig.  629,  upon  the  shall  of  every  cylinder,  which 
work  by  pairs  in  one  another.  The  motion  is  given  by  a  single  water  wheel,  of  which 
the  circle  a  a  a  represents  the  outer  circumference.  One  of  the  fluted  cylinders  is 
placed  in  the  prolongation  of  the  shiift  of  this  wheel,  which  carries  besides  a  cast-iron 
toothed  wheel,  geared  with  the  toothed  wheels  *e  e,  fixed  upon  the  ends  of  two 
of  the  smooth  cylinders.  Above  the  fluted  cylinders,  there  is  a  hopper,  which  dis- 
charges down  between  them,  by  means  of  a  particular  mechanism,  the  ore  brought 
fbrwards  by  the  wagons  a.  These  wagons  advance  upon  a  railway,  stop  above  the 
hopper,  and  empty  their  contents  into  it  through  a  trap-hole,  which  opens  outwardly  in 
the  middle  of  their  bottom.  Below  the  hopper  there  is  a  small  bucket  called  a  shoe, 
into  which  the  ore  is  shaken  down,  and  which  throws  it  without  ceasing  upon  the 
cylinders,  in  consequence  of  the  constant  jolts  given  it  by  a  crank-rod  i  (fig.  629) 
attached  to  it,  and  moved  by  the  teeth  of  the  wheel  m.  The  sho^  is  so  regulated,  that 
loo  taueh  ore  tan.  never  ftU  upon  the  eylindert,  and  obstmet  their  movement.    A  small 
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stream  of  water  is  likewise  led  into  the  shoe,  which  spreads  oyer  the  eylinderSy  and 
prevents  them  fh>m  growing  hot.     The  ore,  after  passing  between  the  Anted  roDen, 
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falls  npon  the  inclined  planes  n,  k,  which  tnm  it  over  to  one  or  other  of  the  pairs  of 
sm^th  rolls. 

These  are  the  essential  parts  of  this  machine ;  they  are  made  of  iron,  and  the  smooth 
ones  are  case-hardened,  or  diUUd,  by  being  cast  in  iron  moulds.  The  gudgeons  of 
both  kinds  move  in  brass  bushes  fixed  upon  iron  supports  k,  made  fast  by  bolts  to  the 
strong  wood-work  basis  of  the  whole  machine.  Each  of  the  horizontal  bars  has  an 
oblong  slot,  at  one  of  whose  ends  is  solidly  fixed  one  of  the  plummer-blocks  or  bearers 
of  one  of  the  cylinders  /,  and  in  the  rest  of  the  slot  the  plummer-block  of  the  other 
cylinder  g  slides;  a  construction  which  permits  the  two  cylinders  to  come  into  con- 
tact, or  to  recede  to  such  a  distance  fVom  each  other,  ad  circumstances  may  require. 
The  moveable  cylinder  is  approximated  to  the  fixed  one  by  means  of  the  iron  levers  x  x, 
which  carry  at  their  ends  the  weights  p,  and  rest  upon  wedges  m,  which  may  be  slicklen 
upon  the  inclined  plane  n.  These  wedges  then  press  the  iron  bar  o,  and  make  it  ap- 
proach the  moveable  cylinder  by  advancing  the  plummer  block  which  supports  its  axis. 
When  matters  are  so  arranged,  should  a  very  large  or  hard  piece  present  itself  to  one  of 
the  pairs  of  cylinders,  one  of  the  rollers  would  move  away,  and  let  the  piece  pass  without 
doing  injury  to  the  mechanism. 

Besides  the  three  pairs  of  cylinders  which  constitute  essentially  each  crushing  machine^ 
there  is  sometimes  a  fourth,  which  serves  to  crush  the  ore  when  not  in  large  fragments; 
for  example,  the  chats  and  cuttings  (the  moderately  rich  and  poorer  pieces),  produced 
by  the  first  sifting  with  the  brake  sieve,  to  be  presently  described.  The  cylinders  com- 
posing that  accessory  piece,  which,  on  account  of  their  ordinary  use,  are  called  chats-roUer$, 
are  smooth,  and  similar  to  the  rollers  z  z,  and  z'  z'.  The  one  of  them  is  usually  placed 
upon  the  prolongation  of  the  shaft  of  the  water-wheel,  of  the  side  opposite  to  the  princi- 
pal machine ;  and  the  other,  which  is  placed  alongside,  receives  its  motion  fh)m  the  first, 
by  means  of  toothed  wheel-work. 

The  stamp  mill  is  employed  in  concurrence  with  the  crushing  cylinders.  It  serves  par- 
ticularly to  pulverize  those  ores  whose  gangue  is  too  hard  to  yield  readily  to  the  rollers, 
and  also  those  which  being  jalready  pulverized  to  a  certain  degree,  require  to  be  ground 
still  more  finely.  The  stamps  employed  in  the  neighborhood  of  Alston  Moor  are  moved 
by  water  wheels.    They  are  similar  fo  those  described  under  Tin. 

Proper  sifting  or  jigging  apparatus, — The  hand  sieve  made  of  iron  wire  meshes,  of 
various  sizes,  is  shaken  with  the  two  hands  in  a  tub  of  water,  the  ore  tfot,  being  held 
sometimes  horizontally,  and  at  others  in  an  inclined  position.  This  sieve  is  now  in 
general  use  only  for  the  cuttings  that  have  passed  through  the  grating,  and  which  though 
not  poor  enough  to  require  finer  grinding,  are  too  poor  for  the  brake  sieve.  When  the 
workman  has  collected  a  sufficient  quantity  of  these  smaller  pieces,  he-puts  them  in  his 
round  hand  sieve,  shakes  it  in  the  ore  vat  with  much  rapidity  and  a  dexterous  toss,  tfll 
he  has  separated  the  very  poor  portions  called  euttingsy  fVom  the  mingled  parts  called 
€hmi$f  as  well  ••  flrom  the  pure  on.    He  then  lemoTet  the  first  two  qnalitiei^  with  a 
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•he€t-iroii  senper  called  a  Ump,  and  he  finds  beneath  them  a  eertain  portion  of  ore  which 
he  reckons  to  be  pure. 

The  brake  neve  is  rectangnlar,  as  well  as  the  cistern  in  which  it  is  agitated.  The 
meshes  are  made  of  strong  iron  wire,  three  eighths  of  an  inch  square.  This  sieve  is  su^ 
pended  at  the  extremity  of  a  forked  lever,  or  brake,  turning  upon  an  axis  by  means  of 
two  upright  arms  about  5  feet  long,  which  are  pierced  with  holes  for  connecting  them 
with  bolts  or  pins,  both  to  the  sieve-frame  and  to  the  ends  of  the  two  branches  of  the 
(ever.  These  two  arms  are  made  of  wrought  iron,  but  the  lever  is  made  of  wood ;  as  it 
receives  the  jolt.  A  child  placed  near  its  end,  by  the  action  of  leaping,  jerks  it  smartly 
up  and  down,  so  as  to  shake  effectually  the  sieve  suspended  at  the  other  extremity. 
Eiach  jolt  not  only  makes  the  fine  parts  pass  through  the  meshes,  but  changes  the  rela^ 
tive  position  of  those  which  remain  on  the  wire^,  bringing  the  purer  and  heavier  pieces 
eventually  to  the  bottom.  The  mingled  fragments  of  galena,  and  the  stony  substances 
called  chats  lie  above  them ;  while  the  poor  and  light  pieces  called  cuiiinga,  are  at  top. 
These  are  first  scraped  off  by  the  /tmp,  next  the  mixed  lumps,  or  chata,  and  lastly  the  pure 
ore,  which  is  carried  to  the  bing  heap.  The  euitinga  are  handed  to  a  particular  class  of 
workmen,  who  by  a  new  siAing,  divide  them  into  mere  stones,  or  second  cuttings,  and  into 
mixed  ore  analogous  to  chats. 

The  poor  ore,  called  chats,  is  carried  to  a  crushing  machine,  where  it  is  bruised 
between  two  cylinders  appropriated  to  this  purpose  under  the  name  of  diats  rollers ;  aAer 
which  it  is  sifled  afresh.  During  the  siAing  many  parcels  of  small  ore  and  stony  sub- 
stances pass  through  the  sieve,  and  accumulate  at  the  bottom  of  the  cistern.  .When  it 
is  two  thirds  filled,  water  is  run  slowly  over  it,  and  the  sediment  called  amitham  is  taken 
out,  and  piled  up  in  heaps.  More  being  put  into  the  tub,  a  child  liAs  up  the  smitham, 
and  lays  it  on  the  sieve,  which  retains  still  on  its  meshes  the  layer  of  fine  ore.  The  aiftir 
now  agitates  in  the  water  nearly  as  at  first,  from  time  to  time  removing  with  the  limp 
the  lighter  matters  as  they  come  to  the  surface ;  which  being  fit  for  washing  only  in 
boxes,  are  called  buddler^s  offal,  and  are  thrown  into  the  buddle  Me. 

Mr.  Petherick,  the  manager  of  Lanescot  and  the  Fowey  Consol  mines,  has  contrived 
an  ingenious  jigging  machine,  in  which  a  series  of  8  sieves  are  fixed  in  a  stationary  cir- 
cular frame,  connected  with  a  plunger  or  piston  working  in  a  hollow  cylinder,  whereby 
a  body  of  water  is  alternately  forced  up  through  the  crushed  ore  in  the  sieves,  and  then 
left  to  descend.  In  this  way  of  operating,  the  indiscriminate  or  premature  passage  of  the 
finer  pulverulent  matter  through  the  meshes  is  avoided,  because  a  regulated  stream  of 
water  is  made  to  traverse  the  particles  up  and  down.  This  mode  has  proved  profitable  in 
washing  the  copper  ores  of  the  above  mentioned  copper  mines. 

Proper  washing  apparatus. — For  washing  the  ore  after  siAing  it,  the  running  buddle 
already  described  is  employed,  along  with  several  chests  or  buddies  of  other  kinds. 

1.  The  trunk  buddle  is  a  species  of  German  chest  (see  Metallurot  and  Tin)  con^ 
posed  of  two  parts ;  of  a  cistern  or  box  into  which  a  stream  of  water  flows,  and  of  a  large 
tank  with  a  smooth  level  bottom.  The  ore  to  be  irunked  being  placed  in  the  box,  the 
workman  furnished  with  a  shovel  bent  up  at  its  sides,  agitates  it,  and  removes  fit>m  time 
to  time  the  coarser  portions ;  while  the  smaller  are  swept  off  by  the  water  and  deposited 
upon  the  level  area. 

2.  The  stirring  buddle,  or  chest  for  Aeeing  the  schlamms  or  slimy  stuff  fiom  clay,  is 
analogous  to  the  German  chests,  and  consists  of  two  parts;  namely,  1.  a  trough  which 
receives  a  stream  of  water  through  a  plog  hole,  which  is  tempered  at  pleasure,  to  admit  a 
greater  or  less  current ;  2.  a  settling  tank  with  a  horizontal  bottom.  The  metallic  slims 
being  first  floated  in  the  water  of  the  trough,  then  flows  out  and  is  deposited  in  the  tank ; 
the  purest  parts  falling  first  near  the  beginning  of  the  run. 

3.  The  nicking  buddit  is  analogous  to  the  tables  called  dormantes  or  jumellea  by  the 
French  miners.  See  Metallurgy.  They  have  at  their  upper  end  a  cross  canal  or 
tpout,  equal  in  length  to  the  breadth  of  the  table,  with  a  plug  hole  in  its  middle  for 
admitting  the  water.  Alongside  of  this  channel  there  is  a  slightly  inclined  plank,  called 
nicking  board,  corresponding  to  the  head  of  the  tvnn  table,  and  there  is  a*nearly  level 
plane  below.  The  operation  consists  in  spreading  a  thin  layer  of  the  slime  upon  the 
nicking  boards  and  in  running  over  its  surface  a  slender  sheet  of  water,  which  in  its  pro- 
gress is  subdivided  into  riUs,  which  gradually  carry  off  the  muddy  matters,  and  strew 
them  over  the  lower  flat  surface  of  the  tank,  in  the  order  of  their  density. 
S80^|^   4.  The  dolly  tub  or  rinsing  bucket,  fig.  630,  has  an  upright  shaA  which 

bears  the  vane  or  dolly  a  b,  turned  by  the  winch  handle.  This  apparatus 
serves  to  bring  into  a  state  of  suspension  in  water,  the  fine  ore,  already 
nearly  pure ;  the  separation  of  the  metallic  particles  from  the  earthy  ones 
by  repose,  being  promoted  by  the  sides  of  the  tub  being  struck  frequently 
during  the  subsidence. 
5.  Slime  pits. — In  the  several  operations  of  cleansing  ores  from  mud, 
ia  grinding  and  waahing,  where  a  itxeam  of  water  ia  wmA,  it  » impo«ihle  to  pceveat 
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■ome  of  the  finely  attenuated  portions  of  the  galena  ealled  dudgt^  floating  in  the  vato^ 
from  being  carried  ofl'  with  it.  Shme  pits  or  labyrinthsy  called  bwddle  holu  in  Der hyahire, 
are  employed  to  collect  that  matter,  by  receiving  the  water  to  settle,  at  a  little  distance 
Irom  the  place  of  agitation. 

These  basins  or  reservoirs  are  about  20  feet  in  diameter,  and  from  24  to  40  inches 
deep.  Here  the  suspended  ore  is  deposited,  and  nothing  but  clear  water  is  allowed  to 
escape. 

The  workmen  employed  in  the  mechanical  preparation  of  the  ores,  are  paid,  in  Com- 
berland,  by  the  piece,  and  not  by  day's  wages.  A  certain  quantity  of  erode  ore  is  ddhr- 
ered  to  them,  and  their  work  is  valued  by  the  bing,  a  measure  containing  14  cwts.  of  ore 
ready  for  smelting.  The  price  varies  according  to  the  richness  of  the  ore.  Certain  quali- 
ties are  washed  at  the  rate  of  two  and  sixpence,  or  three  shillings  the  bing ;  while  othen 
are  worth  at  least  ten  shillings.  The  richness  of  the  ore  varies  from  2  to  20  bingt  of 
galena  per  shift  of  ore ;  the  shiA  corresponding  to  8  wagon  loads. 

1.  The  cleansing  and  sorting  of  the  ores  are  well  performed  in  Cumberland.  Theae 
operations  seem  however  to  be  inferior  to  the  cleansing  on  the  grid  steps,  grilles  d  gradkikf 
of  Saxony  (See  Metallurgy),  an  apparatus  which  in  cleaning  the  ores,  has  the  advaii. 
tage  of  grouping  them  in  lots  of  different  qualities  and  dimensions. 

2.  The  breaking  or  bruising  by  means  of  the  cru^ing  rrMchine,  is  much  more  expedi- 
tious than  the  Derbyshire  process  by  buckers ;  for  the  machine  introduces  not  only  great 
economy  into  the  breaking  operation,  but  it  likewise  diminishes  considerably  the  kiss  of 
galena ; .  for  stamped  ores  may  be  often  subjected  to  the  action  of  the  cylinders  without 
waste,  while  a  portion  of  them  would  have  been  lost  with  the  water  that  runs  from  the 
stamp  mill.  I'he  use  of  these  rollers  may  therefore  be  considered  as  one  of  the  haj^pteiC 
innovations  hitherto  made  in  the  mechanical  preparation  of  ores. 

3.  The  brake  sieves  appear  to  be  preferable  to  the  hand  ones. 

4.  The  system  of  washing  used  in  Cumberland  differs  essentially  from  that  of  Bril^ 
tany.  The  slime  pits  are  constructed  with  much  less  care  than  in  France  and  Germany. 
They  never  present,  as  in  these  countries,  those  long  windings  backwards  and  forwards^ 
whence  they  have  been  called  labyrinths ;  probably  because  the  last  deposites,  which  axe 
washed  with  profit  in  France  and  Germany,  could  not  be  so  in  Cumberland.  There  tt 
reason  to  believe,  however,  that  the  introduction  of  brake  tables  {tables  d  secomssu,  see 
Metallurgy)  would  enable  deposites  to  be  saved,  which  at  present  run  to  waate  in 
England. 

5.  From  what  we  have  now  said  about  the  system  of  washing,  and  the  basins  of  d»> 
posite  or  settling  cisterns,  it  may  be  inferred  that  the  operation  followed  in  Cumberland  is 
more  expeditious  than  that  used  in  Brittany,  but  it  furnishes  less  pure  ores,  and  occasions 
more  considerable  waste ;  a  fact  sufficiently  obvious,  since  the  refuse  stuff  at  Poullaouen  is 
often  resumed,  and  profitably  subjected  to  a  new  preparation.  We  cannot  however  ven- 
ture to  blame  this  method,  because  in  England,  i\iel  being  cheap,  and  labor  dear,  there 
may  possibly  be  more  advantage  in  smelting  an  ore  somewhat  impure,  and  in  losing  a  little 
galena,  than  in  multiplying  the  number  of  washing  processes. 

6.  Lastly,  the  dolly  tub  ought  to  be  adopted  in  all  the  establishments  where  the  galena 
is  mixed  with  much  blende  (sulphuret  of  zinc) ;  for  schlich  (metallic  slime)  which  appears 
very  clean  to  the  eye,  gives  off  a  considerable  quantity  of  blende  by  means  of  the  doU^ 
tub.  While  the  vane  is  rapidly  whirled,  the  sludge  is  gradually  let  down  into  the  revolv- 
ing water,  till  the  quantity  is  sufficiently  great.  Whenever  the  ore  is  thoroughly  dissem- 
inated in  the  liquid,  the  dolly  is  withdrawn.  The  workmen  then  strike  on  the  sides  of 
the  tub  for  a  considerable  time,  with  mallets  or  wooden  billets,  to  make  the  slime  fall  fast 
to  the  bottom.  The  lighter  portions,  consisting  almost  entirely  of  refuse  matter,  fall  only 
after  the  knocking  has  ceased :  the  water  is  now  run  away ;  then  the  very  poor  slime  upon 
the  top  of  the  deposite  is  skimmed  off,  while  the  pure  ore  found  at  the  bottom  of  the  tub 
is  lifted  out,  and  laid  on  the  bingstead.  In  thia  way  the  blende,  which  always  accompe^ 
nies  galena  in  a  greater  or  smaller  quantity,  is  Well  separated. 

Smelling  vf  lead  ores. — The  lead  ores  of  Derbyshire  and  the  north  of  England  were 
anciently  smelted  in  very  rude  furnaces,  or  boles,  urged  by  the  natural  force  of  the  wind, 
and  were  therefore  placed  on  the  summits  or  western  slopes  of  the  highest  hills.  More 
recently  these  furnaces  were  replaced  by  blast^  hearths,  resembling  smiths'  forges,  but 
larger,  and  were  blown  by  strong  bellows,  moved  by  men  or-  water-wheels.  The 
pincipal  operation  of  smelting  is  at  present  always  executed  in  Derbyshire  in  rever* 
heratory  furnaces^  and  at  Jtlston  Moor  in  furnaces  similar  to  those  known  in  France  by 
the  name  of  Scotch  furnaces.  Before  entering  into  the  detail  of  the  founding  processes, 
we  shall  give  a  description  of  the  furnaces  essential  for  both  the  smelting  and  accessory 
operations. 

1.  The  reverberatory  furnace  called  cupola,  now  exclusively  used  in  Derbyshire  for 
tlie  smelting  of  lead  ores,  was  imported  thither  from  Wales,  about  the  year  1747,  by  a 
CMuuMiy  of  Qnakers.    The  first  establishment  in  this  country  was  built  at  Kalstedg^  in 
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In  the  worlcs  wliere  the  constniction  of  these  fomaees  is  most  improved^  they  are 
interiorly  8  feet  long  by  6  wide  in  the  middle,  and  two  feet  high  at  the  centre.  The 
fire,  placed  at  one  of-the  extremities,  is  separated  from  the  body  of  the  furnace  by  a  body 
of  masonry,  called  the  fin-bridge^  which  is  two  feet  thick,  leaving  only  from  14  to  18 
inches  between  its  upper  surface  and  the  vault.  From  this,  the  highest  point,  the  vault 
gradually  sinks  towards  the  further  end,  where  it  stands  only  6  inches  above  the  sole. 
At  this  extremity  of  the  furnace,  there  are  two  openings  separated  by  a  triangular  prism 
of  yire-ftone,  which  lead  to  a  flue,  a  foot  anc^  a  half  wide,  and  10  feet  long,  which  is 
reeurved  towards  the  top,  and  runs  into  an  upright  chimney  55  feet  high.  The  above 
flue  is  covered  with  stone  slabs,  carefully  jointed  with  fireclay,  which  may  be  removed 
^w^hen  the  deposite  formed  under  them  (which  is  apt  to  melt)  requires  to  be  cleaned  out. 
One  of  the  sides  of  the  furnace  is  called  the  laborers'  side.  It  has  a  door  for  throwing 
coal  upon  the  fire-grate,  besides  three  small  apertures  each  about  6  inches  square. 
These  are  closed  with  moveable  plates  of  cast  iron,  which  are  taken  off  when  the  working 
requires  a  freer  circulation  of  air,  or  for  the  stirring  up  of  the  materials  upon  the  hearth.* 
On  the  opposite  side,  called  the  working  side,  there  are  five  apertures ;  namely,  three  equal 
and  opposite  to  those  just  described,  shutting  in  like  manner  with  cast  iron  plates,  and 
beneath  them  two  other  openings,  one  of  which  is  for  running  out  the  lead,  and  another 
lor  the  scoriae.  The  ash  pit  is  also  on  this  side,  covered  with  a  little  water,  and  so  dis- 
posed as  thai  the  grato-bars  may  be  easily  cleared  from  the  cinder  slag. 

The  hearth  of  the  furnace  is  composed  of  the  reverberatory  furnace  slags,  to  which  a 
proper  shape  has  been  given  by  beating  them  with  a  strong  iron  rake,  before  their 
entire  solidification.  On  the  laborers'  side,  this  hearth  rises  nearly  to  the  surface  of 
the  three  openings,  and  falls  towards  the  woricing  side,  so  as  to  be  18  inches  below  the 
middle'  aperture.  In  this  point,  the  lowest  of  the  furnace,  there  is  a  tap-hole,  through 
which  the  lead  is  run  off  into  a  large  iron  boiler  (lea-pan),  placed  in  a  recess  leH  out- 
side in  the  masonry.  From  that  lowest  point,  the  sole  giudually  rises  in  all  directions, 
forming  thus  an  inside  basin,  into  which  the  lead  runs  down  as  it  is  smelted.  At  the  usual 
level  of  the  metal  bath,  there  is  on  the  working  side,  at  the  end  furthest  from  the  fire,  an 
mperture  for  letting  off  the  slag. 

In  the  middle  of  the  arched  roof  there  is  a  snmll  aperture,  called  the  cwwn-holty  which 
ia  covered*  up  during  the  working  with  a  thick  cast  iron  plate.  Above  this  aperture  a 
large  wooden  or  iron  hopper  stands,  leading  beneath  into  an  iron  cylinder,  through 
which  the  contents  of  the  hopper  may  fall  into  the  furnace  when  a  trap  or  valve  is 
opened. 

2.  Tht  roasting  furnace,  — ^This  was  introduced  about  30  years  ago,  in  the  neigh> 
borhood  of  Alston  Moor,  for  roasting  the  ore  intended  to  pass  tlurough  the  Scotch  f  arnace, 
a  process  which  greatly  facilitates  that  operation.  Since  its  first  establishment  it  has  suc- 
cessively received  considerable  improvements. 

Figt.  63  ly  632,  633,  represent  the  cupola  furtiace  at  the  Marquess  of  Westminster's 
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middle  door  of  the  ftumAce ;  it  slopes  Grom  the  back  and  ends  towuds  tliis  buiii.  Tie 
distance  from  the  lowest  point  of  this  concavity  up  to  the  sill  of  the  door,  is  nsnatty  SI 
indies,  but  it  is  sometimes  a  little  less,  according  to  the  quality  of  the  ores  to  be  smelted. 
This  furnace  has  no  hole  for  running  off  the  slag,  above  the  level  of  the  top  hole  for  the 
lead  t,  like  the  smelting  furnace  of  Lea,  near  Matlock.  A  single  chimney  stalk  serves 
for  all  the  establishments ;  and  receives  all  the  flues  of  the  various  roasting  and  redndog 
furnaces.  Fig.  633  gives  an  idea  of  the  distribution  of  these  flues,  a  a  a,  Itc.  are  the 
furnaces;  6,  the  flues,  18  inches  square ;. these  lead  from  each  furnace  to  the  principal 
conduit  c,  which  is  5  feet  deep  by  2|  wide ;  (2  is  6  feet  deep  by  3  wide  f  e  is  a  nnuid 
chamber  15  feet  in  diameter ;  /  is  a  conduit  7  feet  high  by  5  wide ;  g  another,  6  feet 
high  by  3  wide.  The  chimney  at  h  has  a  diameter  at  bottom  of  30  feet,,  a  top  of  12 
feet,  including  the  thickness  of  its  sides,  forming  a  truncated  cone  100  feet  high ;  whoae 
base  stands  upon  a  hill  a  little  way  from  the  furnaces,  and  62  feet  above  their  leveL 

a.  Jigs.  631,  632,  is  the  grate ;  6,  the  door  of  the  fire-place ;  c,  the  fire-bridge ;  dy  the 
arched  roof;  e,  the  hearth  if//,  &>c.,  the  working  doors ;  g  g,  flues  running  into  <nie 
conduit,  which  leads  to  the  subterranean  condensing  chamber,  e,  and  thence  to  the  general 
chimney ;  h,  a  hopper-shaped  opening  in  the  top  of  the  furnace,  for  supplying  it  with 
materials. 

This  magniflcent  structure  is  not  destined  solely  for  the  reduction  of  the  ores,  but  fbr 
dissipating  all  the  vapors  which  might  prove  noxious  to  the  health  of  the  work-people  an! 
to  vegetation. 

The  ores  smelted  at  Holywell  are  very  refractory  galenas,  mixed  with  blende,  calamine^ 
pyrites,  carbonate  of  lime,  &c.,  but  without  any  fluate  of  lime.  They  serve  mutually  m 
flaxes  to  one  another.  The  coal  is  of  inferior  quality.  The  sole  of  each  furnace  is 
formed  of  slags  obtained  in  the  smelting,  and  they  are  all  of  one  kind.  In  constructing 
it,  7  or  8  tons  of  these  slags  are  first  of  all  thrown  upon  the  brick  area  of  the  hearth ;  are 
made  to  melt  by  a  brisk  fire,  and  in  their  stiffening  state,  as  they  cool,  they  permit  tke 
bottom  to  be  sloped  and  hollowed  into  the  desired  shape.  Four  worlunen,  two  at  eadi 
side  of  the  furnace,  perform  this  task. 

The  ordinar}'  charge  of  ore  for  one  smelting  operation  is  20  cwts.,  and  it  is  introdnceA 
through  the  hopper ;  see  CoppEB,^g.  304.  An  assistant  placed  at  the  back  doors  spreads 
it  equally  over  the  whole  hearth  with  a  rake  \  the  furnace  being  meanwhile  heated  only 
with  the  declining  fire  of  the  preceding  operation.  No  regular  fire  is  made  during  the  first 
two  hours,  but  a  gentle  heat  merely  is  kept  up  by  throwing  one  or  two  shovelfuls  of  small 
coal  upon  the  grate  from  time  to  time.  All  the  doors  are  closed,  and  the  register-plate  of 
the  chimney  is  lowered. 

The  outer  basin  in  front  of  the  furnace  is  at  this  time  filled  with  the  lead  derived  from 
a  former  process,  the  metal  being  covered  with  slags.  A  rectangular  slit  above  the  tap 
hole  is  left  open,  and  remains  so  during  the  whole  time  of  the  operation,  unless  the  lead 
should  rise  in  the  interior  basin  above  the  level  of  that  orifice ;  in  which  case  a  little  mound 
must  be  raised  before  it. 

The  two  doors  in  front  furthest  from  the  fire  being  soon  opened,  the  head-smelter 
throws  in  through  them,  upon  the  sole  of  the  furnace,  the  slags  swimming  upon  the  bath 
of  lead,  and  a  little  while  afterwards  he  opens  the  tap-hole,  and  runs  off  the  metallie 
lead  reduced  from  these  slags.  At  the  same  time  his  assistant  turns  over  the  ore  with 
his  paddle,  through  the  back  doors.  These  being  again  closed,  while  the  above  two  fhmt 
doors  are  open,  the  smelter  throws  a  shovelful  of  small  coal  or  coke  cinder  upon  the  lead 
bath,  and  works  the  whole  together,  turning  over  the  ore  with  the  paddle  or  iron  oar. 
About  three  quarters  of  an  hour  after  the  commencement  of  the  operation,  he  throws 
back  upon  the  sole  of  the  hearth  the  fresh  slags  which  then  float  upon  the  bath  of  the 
outer  basin,  and  which  ore  mixed  with  coaly  matter.  He  next  turns  over  these  slags,  as 
well  as  the  ore  with  the  paddle,  and  shuts  all  the  doors.  At  this  time  the  smelter  runs  off* 
the  lead  into  the  pig-moulds. 

The  assistant  now  turns  over  the  ore  once  more  through  the  back  doors.  A  little 
more  than  an  hour  after  the  operation  began,  a  quantity  of  lead  proceeding  from  the 
slag  last  remelted,  is  run  off  by  the  tap ;  being  usually  in  such  quantity  as  to  fill  one 
half  of  the  outer  basin.  Both  the  workmen  then  turn  over  the  ore  with  the  paddles,  at 
the  several  doors  of  the  furnace.  Its  interior  is  at  this  time  of  a  dull  red  heat ;  the 
roasting  being  carried  on  rather  by  the  combustion  of  the  sulphurous  ingredients,  than 
by  the  action  of  the  small  quantity  of  coal  in  the  grate.  The  smelter,  after  shutting 
the  front  doors,  with  the  exception  of  that  next  the  fire-bridge,  lifts  off  the  fresh  slags 
lying  upon  the  surface  of  the  outside  bath,  drains  them,  and  throws  them  back  into  the 
furnace. 

An  hour  and  a  half  after  the  commencement,  the  lead  begins  to  ooze  out  in  small 
quantities  from  the  ore ;  but  little  should  be  suffered  to  flow  before  two  hours  have  ei^ 
pired.  About  this  time  the  two  workmen  open  all  the  doors,  and  turn  over  the  ore^ 
each  St  his  own  side  of  the  fomace.    An  hour  and  three  quarters  after  the  beginning^ 
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there  are  few  yapors  is  the  famaee,  its  temperature  being  yery  moderate.  No  more 
lead  is  then  seen  to  flow  npon  the  sloping  heurth.  A  little  coal  being  thrown  into  the 
grate  to  raise  the  heat  slightly,  the  workmen  torn  oyer  the  ore,  and  then  close  all  the 
doon. 

At  the  end  of  two  hours,  the  first  fire  or  roasting  being  completed,  and  the  doors 
shot,  the  register  is  to  be  lifted  a  little,  and  coal  thrown  upon  the  grate  to  give  the 
Mcond  firty  which  lasts  during  26  minutes.  When  the  doors  are  now  opened,  the  inside 
of  the  furnace  is  Of  a  pretty  vivid  red,  and  the  lead  flows  down  from  every  side  towards 
the  inner  basin.  The  smelter  with  hiis  rake  or  paddle  pushes  the  slags  upon  that  basin 
back  towards  the  upper  part  of  the  sole,  and  his  assistant  spreads  them  uniformly  over 
the  surface  through  the  back  doors.  The  smelter  next  throws  in  by  his  middle  door,  a 
few  shovelfuls  of  quicklime  upon  the  lead  bath.  The  ^assistant  meanwhile,  for  a  quarter 
of  an  hour,  works  the  ore  and  the  slags  together  through  the  three  back  doors,  and  then 
spreads  them  out,  while  the  smelter  pushes  the  slags  from  the  surface  of  the  inner  basin 
back  to  the  upper  parts  of  the  sole.  The  doors  being  now  lefl  open  for  a  little,  while 
the  interior  remains  in  repose,  the  metallic  lead,  which  had  been  pushed  back  with  the 
slags,  flows  down  into  the  basin.  This  occasional  cooling  of  the  furnace  is  thought  to  bo 
necessary  for  the  better  separation  of  the  products,  especially  of  the  slags,  from  the  lead 
bath. 

In  a  short  time  the  workmen  resume  their  rakes,  and  turn  over  the  slags  along  with 
the  ore.  Three  hours  afler  the  commencemeut,  a  little  more  fuel  is  put  into  the  grate^ 
merely  to  keep  up  a  moderate  heat  of  the  furnace  during  the  paddling.  Afler  three 
hours  and  ten  minutes,  the  grate  being  charged  with  f\iel  for  the  third  firty  the  registei 
is  completely  opened,  the  doors  are  all  shut,  and  the  furnace  is  lef\  in  this  state  for  three 
quarters  of  an  hour.  In  nearly  four  hours  from  the  commencement,  all  the  doors  beins 
opened,  the  assistant  levels  the  surfaces  with  his  rake,  in  order  to  favor  the  descent  o? 
any  drops  of  lead ;  and  then  spreads  the  slags,  which  ave  pushed  back  towards  him  by 
the  smelter.  The  latter  now  throws  in  a  fresh  quantity  of  lime,  with  the  view  not 
merely  of  covering  the  lead  bath  and  preventing  its  oxydizement,  but  of  rendering  the  slags 
less  fluid. 

Ten  minutes  afler  the  third  flre  is  completed,  the  smelter  puts  a  new  charge  of  fuel 
in  the  grate,  and  shuts  the  doors  of  the  furnace  to  give  it  the  fourth  fire.  In  four  hours 
and  forty  minutes  from  the  commencement,  this  fire  being  finished,  the  doors  are 
opened,  the  smelter  pierces  the  tap  hole  to  discharge  the  lead  into  the  outer  basin,  and 
throws  some  quicklime  upon  the  slags  in  the  inner  basin.  He  then  pushes  the  slags 
thus  dried  «p  towards  the  upper  part  of  the  hearth,  and  his  assistant  rakes  them  out  by  the 
backdoors. 

The  whole  operation  of  a  trhtiiing  thift  takes  about  four  hours  afld  a  half,  or  at  most 
five  hours,  in  which  four  periods  may  be  distinguished. 

1.  The  fint  fire  for  roasting  the  ores,  requires  very  moderate  firing  and  lasts  two 
hoars. 

2.  The  uconi  fifty  or  the  smelting,  requires  a  higher  heat,  with  shut  doors ;  at  the  end 
the  slags  are  drtti  up  with  lime,  and  the  furnace  is  alscF  allowed  to  cool  a  little. 

3.  4.  The  last  two  periods,  or  the  third  and  fourth  firet,  are  likewise  two  smeltings  or 
foundings,  and  differ  from  the  first  only  in  requiring  a  higher  temperature.  The  heat 
ik  greatest  in  the  last.  The  form  and  dimensions  of  the  f\irnace  are  calculated  to  cause 
a  uniform  distribution  of  heat  over  the  whole  surface  of  the  hearth.  Sometimes  billets 
of  green  wood  are  plunged  into  the  metallic  lead  of  the  outer  basin,  causing  an  ebullition 
which  favors  the  separation  of  the  slags,  and  consequently  the  production  oft  purer  lead; 
but  no  more  metallic  metal  is  obtained. 

Ten  cwts.  of  coal  are  consumed  at  Holywell  in  smelting  one  ton  of  the  lead-ore  schlich 
or  slndge ;  but  at  Grassington,  near  Skipton  in  Yorkshire,  with  a  similar  furnace  worked 
with  a  slower  heat,  the  operation  taking  from  seven  hours  to  seven  hours  and  a  half^ 
instead  of  five,  only  7|  cwts.  of  coal  are  consumed.  But  here  the  ores  are  less  refractory, 
have  the  benefit  of  fluor  spar  as  a  fiux,  and  are  more  exhausted  of  their  metal,  being  smelt- 
ed upon  a  less  sloping  hearth. 

Theory  of  the  above  operation, — At  Holywell,  Grassington,  and  in  Cornwall,  the 
result  of  the  first  graduated  roasting  heat,  is  a  mixture  of  undecomposed  sulphuret  of 
lead,  with  sulphate  and  oxyde  of  lead,  in  proportions  which  vary  with  the  degree  of  care 
bestowed  upon  the  process.  AAer  the  roasting,  the  heat  is  raised  to  convert  the  sludge 
into  a  pasty  mass ;  in  which  the  oxyde  and  sulphate  react  upon  the  sulphuret,  so  as  to 
produce  a  snb-sulphuret,  which  parts  with  the  metal  by  liquation.  The  coolimg  of  the 
furuact  facilitates  the  liquation  every  time  that  the  sub-sulphuret  is  formed,  and  the  ore 
has  passed  by  increase  of  temperature  from  the  pasty  into  the  liquid  state.  Cooling 
brings  back  the  sludge  to  the  pasty  condition,  and  is  therefore  necessary  for  the  due 
•eparation  of  the  different  bodies.  The  drying  up  of  the  thin  slags  by  lime  is  intended 
to  liberate  the  oxyde  of  leod^  and  allow  it  to  react  upon  any  fulphniet  which  may  hay<e 
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resisted  roasting  or  decomposition.  It  is  also  useful  as  a  thickener,  in  a  mechanical  poiBt 
of  view.  The  iron  of  the  tools,  which  wear  away  very  fast,  is  also  serviceable  in  le- 
dncJng  the  sulphuret  of  lead.  The  small  coal  added  along  with  the  lime  at  Grassingtoa, 
and  also  sometimes  at  Holywell,  aids  in  reducing  the  oxyde  of  lead,  and  in  transfonning 
the  sulphate  into  sulphuret. 

3.  The  smelting  furnace  or  ore  hearth, — This  furnace,  called  by  the  'French  ecoataia,  b 
from  22  to  24  inches  in  height  and  1  foot  by  1^  in  area  inside ;  but  its  horizontal  sectioo, 
always  rectangular,  varies  much  in  its  dimensions  at  diifex-ent  levels,  as  shown  id 
Jig,  034. 


The  hearth  and  the  sides  are  of  cast  iron ;  the  sole-plate  a  b  is  also  of  cast  iron,  2|  inches 
thick,  having  on  its  back  and  two  sides  an  upright  ledge,  a  c,  2|  inches  thick  and  4} 
high.  In  front  of  the  hearth  there  is  another  cast  iron  plate  m  k,  called  the  vrork 
iioue,  surrounded  on  every  side  excepting  towards  the  sole  cf  the  furnace,  by  a  ledge 
one  inch  in  thickness  and  height.  '1  he  plate  slopes  from  behind  forwards,  and  its  pos- 
terior ledge,  which  is  about  4 j^  inches  above  the  surface  of  the  hearth,  is  separated  from 
it  by  a  void  space  q,  which  is  tilled  with  a  mixture  of  bone  ash  and  galena,  both  in  fine 
powder,  moistened  and  pressed  down  together.  The  melted  lead  cannot  penetrate  into 
this  body,  but  after  filling  the  basin  at  the  bottom  of  the  furnace,  flows  naturally  out 
by  the  gutter  (nearly  an  inch  deep)  through  a  groove  in  the  workstcne;  and  then 
passes  into  a  caldron  of  reception  p,  styled  the  melting'pot,  placed  below  the  front  edge 
of  the  work-itone. 

The  posterior  ledge  of  the  sole  is  surmounted  by  a  piece  of  cast  iron  c  d,  called  the 
back-atoney  28  inches  long,  and  6^  high ;  on  which  the  tuyere  or  blast*pipe  is  placed.  It 
supports  another  piece  of  cast  iron  e,  called  pipe-stone,  scooped  out  at  its  under  part,  in 
the  middle  of  its  length,  for  the  passage  of  the  tuyere.  This  piece  advances  2  inches  into 
the  interior  of  the  furnace,  the  back  wall  of  which  is  finally  crowned  by  another  piece  of 
cast  iron  £  h,  called  also  back-slone. 

On  the  ledges  of  the  two  sides  of  the  sole,  are  placed  two  pieces  of  cast  iron,  called 
bearers^  each  of  which  is  5  inches  in  breadth  and  height,  and  26  inches  long.  Tliey 
advance  an  inch  or  two  above  the  posterior  and  highest  edge  of  the  vwrkstone,  and  con- 
tribute efiectually  to  fix  it  solidly  in  its  place.  These  bearers  support,  through  the  in- 
tervention of  several  ranges  of  fire-bricks,  a  piece  of  cast  iron  called  a /ore-«/oii«,  which 
has  the  same  dimensions  as  the  piece  called  the  b€uJc-stone,  on  which  the  base  of  the 
blowing-machine  rests.  This  piece  is  in  contact,  at  each  of  its  extremities,  with  anothei 
mass  of  cast  iron,  6  inches  cube,  called  the  key-stone,  supported  on  the  masonry.  Lastly, 
the  void  spaces  led  between  the  two  key-stones  and  the  back  part  of  the  furnace  are  filled 
np  with  two  masses  of  cast  iron  exactly  Uke  the  key-stones. 

The  front  of  the  furnace  is  open  for  about  12  inches  from  the  lower  part  of  the  fWmt 
cross-piece  called  yore-«^e,  up  to  the  superior  part  of  the  %oork-stone.  It  is  through  thl* 
opening  that  the  smelter  operates. 

The  gaseous  products  of  the  combustion,  on  escaping  fVom  this  ore-hearth,  arc  fre- 
quently made  to  pass  through  a  long  flue,  sloped  very  slightly  upwards,  in  which  they 
deposite  all  the  particles  of  ore  that  they  may  have  swept  along ;  these  flues,  whose  length 
is  sometimes  more  than  100  yards,  are  usually  5  feet  high  and  3  feet  wide  in  the  inside, 
and  always  terminate  in  the  chimney  stalk.  The  matters  deposited  near  the  commence- 
ment of  the  flue  require  to  be  washed ;  but  not  the  other  dusty  deposites.  The  whole 
may  then  be  carried  back  to  the  roasting  furnace,  to  be  calcined  and  reagglutinated,  or 
introduced  without  any  preparation  into  the  slag-hearlh, 

4,  Figi.  635,  636  represent  a  8la?-hearth,  the /oumeav  d  manche  (elbow  furnace)  of  the 
.  French,  and  the  krummofen  (crooked  furnace)  of  the  Germans ;  such  as  is  used  at  Alston 
Moor,  in  Cumberland,  for  the  reduction  of  the  lead-slag.  It  resembles  the  Scotch 
furnace.  The  ^aft  is  a  parallelopiped,  whose  base  is  26  inches  by  22  in  area  inside,  and 
whose  height  is  3  feet ;  the  sole-plate  a,  of  cast  iron,  slopes  slightly  down  to  the  basiA 
of  reception,  or  the  fore-hearth  h.  Upon  both  of  the  long  sides  of  the  scde-f4ate  there  are 
c«3t  iron  beams,  called  (fearers  c  c,  of  great  strength,  which  support  the  side  walls  built 
of  a  coarse  grained  8and-«toney  as  well  as  the  cast  iron  plate  d  (fore  stone),  which  fonns 
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the  front  of  the  shaft.  This  stands  7  inches  off  from  the  sole-plate,  leaving  an  empty 
apace  between  them.  The  back  side  is  made  of  cast  iron,  from  the  sole-plate  to  ihe 
horizontal  tuydre  in  its  middle ;  but  above  this  pGint  it  is  made  of  sand-stone.    The 

635 


tuyere  is  from  1|  to  2  inches  in  diameter.  In  front  of  the  fore-hearth  b,  a  cistern  e  is 
placed,  through  which  water  continually  flows,  so  that  the  slags  which  spontaneously 
overflow  the  fore-heatth  may  become  in^ated  and  shattered,  whereby  the  lead  dissemi- 
nated through  them  may  be  readily  separated  by  washing.  The  lead  itself  flows  from 
the  fore-hearth  b,  through  an  oriflce,  into  an  iron  pot  /,  which  is  kept  hot  over  a  fire. 
The  metal  obtained  from  this  slag-hearth  is  much  less  pure  than  that  extracted  directly 
from  the  ore. 

The  whole  bottom  of  the  famace  is  filled  to  a  height  of  17  inches,  that  is,  to 
within  2  or  3  inches  of  the  tuydre,  with  the  rubbish  of  coke  reduced  to  coarse  powder 
and  beat  strongly  down.  At  each  smelting  shift,  this  bed  must  be  made  anew,  and  the 
interior  of  the  furnace  above  the  tuyere  repaired,  with  the  exception  of  the  front,  con- 
sisting of  cast  iron.  In  advance  of  the  furnace  there  is  a  basin  of  reception,  which  is 
also  filled  with  coke  rubbish.  Farther  off  is  a  pit,  full  of  water,  replenished  by  a  cold 
stream,  which  incessantly  runs  in  through  a  pipe.  The  scoriae,  in  flowing  out  of  the  fur- 
nace, pass  over  the  coke  bed  in  the  basin  of  reception,  and  then  fall  into  the  water,  whose 
coolness  makes  them  fly  into  small  pieces,  aAer  which  they  are  easily  washed,  so  as  to 
separate  the  lead  that  may  be  entangled  among  them. 

These  furnaces  are  urged,  in  general,  by  wooden  bellows  ;ySg.  637.   But  at  the  smelting 


works  of  Lea,  near  Matlock,  the  blowing-machine  consists  of  two  casks,  which  move 
upon  horizontal  axes.  Each  of  these  casks  is  divided  into  two  equal  parts  by  a  fixed 
plane  that  passes  through  its  axis,  and  is  filled  with  water  to  a  certain  height.  The  water 
of  one  side  communicates  with  that  of  the  other  by  an  opening  in  the  lower  part  of  the 
divifcion.  Each  cask  possesses  a  movement  of  oscillation,  produced  by  a  rod  attached  to 
a  crank  of  a  bucket-wheel.  At  each  demi-oscillation,  one  of  the  compartments,  being  in 
communication  with  the  external  air,  is  filled ;  while  the  other,  on  the  contrary,  communi- 
entes  with  the  nozzle,  and  supplies  wind  to  the  furnace. 

5.  Refining  or  cupellation  furnace.    See  Silver. 

6.  Smeiting  by  the  reverberatory  furnace  is  adopted  exclusively  in  Derbyshire,  and  in 
some  woiks  at  Alston  Moor.  The  charge  in  the  hopper  consists  conmionly  of  16  cwts., 
each  wei?hing  120  lbs.  avoirdupois,  composed  of  an  intimate  mixture  of  5,  6, 7,  or  even 
8  kinds  of  ore,  derived  from  difierent  mines,  and  prepared  in  diflferent  ways.  The  pro- 
portions of  the  mixture  are  determined  by  experience,  and  are  of  great  consequence  to  the 
success  of  the  work. 

The  ore  is  rather  in  the  form  of  grains  than  of  a  fine  sehlich  ;  it  is  sometimes  very  pure, 
and  alfords  75  per  cent. ;  but  usually  it  is  mixed  up  with  a  large  proportion  of  carbonate 
and  fluate  of  lime ;  and  its  product  varies  from  65  to  23  per  cent. 

AAer  scraping  the  slaggy  matters  out  of  the  furnace,  a  fresh  smelting  shift  is  intro- 
duced at  an  interval  of  a  few  minutes ;  and  thus,  by  means  of  two  alternate  work- 
men, who  relieve  each  other  every  seven  or  eight  hours,  the  weekly  operations  continue 
without  interruption.  The  average  product  in  lead  of  the  reverberatory  furnaces  in 
Derbyshire,  during  several  Years,  has  been  66  per  cent,  of  the  ore.  Very  fine  ore  has, 
lunrever,  afforded  76. 

7.  SmtUing  9f  tki  dram  ilag,  on  Ou  ttag^mUl  hearih^^Tht  black  slag  of  the  rererbe- 


764  LEAD. 

ratory  farnace  is  broken  by  hammers  into  small  pieces,  and  mixed  in  proper  propoitiQM 
with  the  coal  cinders  that  fall  through  the  grate  cf  the  reverberatory  fire.  The  leada 
ntaits  that  float  on  the  surface  of  the  bath,  and  the  dust  deposited  in  the  chimney, 
are  added,  along  with  some  poor  ore  containing  a  gangrue  of  fluor  spar  and  limestone, 
which  ha(l  been  put  aside  during  the  machanical  preparation.  ^  ith  such  a  mixture,  the 
tlag-henrlh,  already  described //ga.  635,  636,  is  charced.  By  the  action  of  heat  and  ccal, 
the  lead  is  revived,  the  earthy  matters  flow  into  ver>'  liquid  scoriae,  and  the  whole  ii 
made  to  pass  across  the  body  of  fire  into  a  basin  of  reception  placed  beneath.  The 
scoriee  are  thickened  by  throwing  quicklime  upon  them,  and  they  are  then  raked 
away.  At  the  end  of  the  operation  the  lead  is  cast  into  pigs  or  ingots  cf  a  peculiar 
form.  This  is  called  slag-lead.  It  is  harder,  more  sonorous  than  the  lead  obtained  from 
the  reverberator}-  furnace,  and  is  preferred  for  the  manufacture  cf  minium,  lead  shot,  and 
6ome  other  purposes. 

8.  Treatment  of  If  ad  ores  by  the  Scotch  furnace,  or  ore-Acorrt.— fThis  furnace  is  gener- 
ally employed  in  the  counties  cf  Northumberland,  Cumberland,  and  Durham,  for  the 
smelting  of  lead  ores,  which  were  formerly  carried  to  them  without  any  prepaiatioo, 
but  now  they  are  exposed  to  a  preliminary  calcination.  The  roasted  ore  yields  in  the 
Scotch  furnace  a  more  considerable  product  than  the  crude  ore,  because  it  forms  in  lb« 
(hrnace  a  more  porous  mass,  and  at  the  same  time  it  work$  drier,  to  use  the  founder's  ex- 
pression ;  that  is,  it  allows  the  stream  cf  air  impelled  by  the  bellows  to  diflfusc  itself  more 
completely  across  the  matters  contained  in  the  furnace. 

The  charee  of  the  rousting  furnace,  Jigs,  631,  632,  633,  is  frcm  9  to  11  cwts.  of  ore, 
put  into  the  furnace  without  any  addition.  Three  such  shifls  are  usually  passed  thrcugh 
in  eight  hours.  The  fire  should  be  urged  in  such  a  manner  as  to  prcduce  constantly  a 
dense  smoke,  without  letting  any  part  of  the  ore  melt  and  form  a  slag ;  an  accident 
which  would  obstruct  the  principal  end  cf  the  process,  which  is  to  bum  olf  the  sulphur  and 
antimony,  and  to  expel  the  carbonic  acid  of  the  carbonate  of  lead.  The  ore  must  be  fre» 
quently  turned  over,  by  moving  it  from  the  bridge  to  the  other  end  and  back  asain.  To 
prevent  the  ore  from  running  into  masses  as  it  cools,  it  is  made  to  fall  out  of  the  furnace 
into  a  pit  full  of  water,  placed  below  one  of  the  lateral  doors. 

Smeitiiifi;  of  the  lead  ores  in  the  Si-otch  furnace, — When  n  smelting  shift  has  been 
finished  in  the  Scotch  furnace,  a  portion  of  the  ore,  called  browse,  remains  in  a  semi- 
reduced  state,  mixed  with  coke  and  cinders.  It  is  found  of  more  advantage  to  preserve 
the  browse  for  beginning  the  following  operation,  than  to  take  raw  or  even  roasted 
ore.  To  set  the  furnace  in  action,  the  interior  of  it  is  filled  with  peats,  cut  into  the 
form  of  bricks.  The  peats  towards  the  posterior  part  are  heaped  up  without  order, 
but  those  near  the  front  are  piled  up  with  care  in  the  form  of  a  wall.  A  kindled  peat 
is  now  placed  before  the  nozzle  of  the  bellows,  which  are  made  to  blow,  and  the  blast 
spreads  the  combustion  rapidly  throuirh  the  whole  mass.  To  increase  the  heat,  and  to 
render  the  fire  more  steady  and  durable,  a  few  shovelfuls  of  coals  are  thrown  over  the 
turf.  A  certain  quantity  of  the  browse  is  to  be  next  introduced;  and  then  (or  some- 
times before  all  the  browse  is  put  in)  the  greater  part  cf  the  matters  contained  in  the 
furnace  is  drawn  over  on  the  uH>rk^tone,  by  means  cf  a  large  rake  called  a  gowelock;  the 
refuse  of  the  ore  called  gray  slag,  M'hich  a  skilful  smelter  knows  by  its  shining  more 
than  the  browse,  is  taken  off  with  a  shovel,  and  thrown  to  the  ris^ht  hand  into  a  comer 
outside  of  the  furnace.  The  browse  led  on  the  work-stone  is  to  be  now  thrown  back 
into  the  furnace,  with  the  addition  cf  a  little  ccal,  if  necessary.  If  the  broM'se  be  not 
well  cleaned  from  the  slag,  which  is  perceived  by  the  whole  mass  being  in  a  soft  state, 
and  showing  a  tendency  to  fuse,  quicklime  must  be  added,  which  by  its  aflfinity  for  the 
argillaceous,  silicious,  and  ferruginous  substances,  dries  up  the  materials,  as  the 
smelters  say,  and  gives  to  the  earthy  parts  the  property  of  concreting  into  lumps  or 
balls ;  but  if,  on  the  other  hand,  the  silicious,  argillaceous,  or  fermginous  parts  con- 
tained in  the  ore  be  too  refractory,  lime  is  also  to  be  added,  but  in  smaller  quantity, 
which,  by  rendering  them  more  fusible,  communicates  the  property  of  concreting  into 
balls.  These  lumps,  called  gray  slag,  contain  from  one  tenth  to  one  fifteenth  of  the 
lead  which  was  present  in  the  ore.  They  must  be  smelted  afterwards  at  a  higher  tem- 
perature in  the  slag  hearth,  to  extract  their  lead.  After  the  browse  has  been  thrown 
back  into  the  furnace,  as  has  been  said,  a  few  shovelfuls  of  ore  are  to  be  strewed  over 
it ;  but  before  doin?  this,  and  after  remoTinsr  the  scorise,  there  must  be  always  jdaced 
before  the  tuyere  half  a  peat,  a  substance  which  beinsr  extremely  porous  and  combustible, 
not  only  hinders  any  thing  from  entering  the  nozzle  cf  the  bellows,  but  spreads  the  blast 
through  all  the  vacant  parts  of  the  furnace.  After  an  interval  of  from  10  to  15  minutes, 
according  to  circumstances,  the  materials  in  the  furnace  are  drawn  afresh  upon  the  work- 
stone,  and  the  gray  slag  is  removed  by  the  rake.  A  nother  peat  being  placed  before  the 
tuyere,  and  coal  and  quicklime  being  introduced  in  suitable  proportions,  the  browse  is 
thrown  back  into  the  furnace,  a  fresh  portion  of  ore  is  charged  above  it,  and  left  in  the 
(Umace  for  the  above-mentioned  time. 
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Tkii  node  of  working,  continued  for  14  or  15  hours,  forms  what  is  called  a  tmHiiug 
iafli  in  which  time  (rom  20  to  40  cwts.  of  lead,  and  even  more,  are  produced. 

By  Ukis  proces*  the  purest  part  of  the  lead,  as  well  as  the  silver,  are  sweated  oul,  as  if 
nn,  fipom  the  matenals  with  which  they  are  mixed,  without  anything  entering  into 
Moo  eicept  these  two  metals  in  the  state  of  alloy.  It  is  probable  that  the  moderate 
toDpenUore  employed  in  the  Scotch  furnace  is  the  main  cause  of  the  purity  of  the  lead 
vhieh  it  yiehis. 

9.  Smitiimg  of  the  scoria  of  the  Scotch  furnace  on  the  slag  hearth, — Before  putting  fire  to 
Ike  dag  hearth  already  described,  /lg«.  &5,  636,  its  empty  space  is  to  be  filled  with  peats, 
od  t  lighted  one  being  phiced  before  the  tuyere,  the  bellows  are  made  to  play.  A  layer 
of  coke  is  to  be  now  thrown  upon  the  burning  peats,  and  as  soon  as  the  heat  is  sufficiently 
kigh,  1  layer  of  the  gray  slag  is  to  be  introduced,  or  of  any  other  scoriae  that  are  to 
be  reduced.  From  time  to  time,  as  the  fit  moment  arrives,  alternate  strata  of  coke  and 
ihg  are  to  be  added.  In  this  operation,  though  the  slag  and  the  lead  are  brought  to  a 
ftate  of  perfect  fluidity,  the  metal  gets  separated  by  filtering  down  through  the  bed  of 
Mat  cinders,  which  the  slag  cannot  do  on  account  of  its  viscidity.  Whenever  that  coke 
ocd  becomes  covered  with  fluid  slag,  the  workman  makes  a  hole  in  it,  of  about  an  inch 
diaioeter,  by  means  of  a  kneed  poker ;  and  runs  it  oflf  by  this  orifice,  as  it  cannot  sink 
down  into  the  hard  rammed  cinders,  which  fill  the  basin  of  reception.  The  slag  flows 
orer  it  in  a  glowing  stream  into  the  pit  filled  with  water,  where  it  gets  granulated  and 
mdj  for  washing. 

M^en  lead  is  obtained  from  galena  without  the  addition  of  combustible  matter,  we 
litre  in  example,  on  the  great  scale,  of  the  mutual  decomposition  of  the  oxydes  and  sul- 
P^tes  fonned  during  the  roasting  heat,  by  the  still  undecomposed  galena,  especially  when 
tiiii  action  is  facilitated  by  workuig  up  and  skilfUlly  mingling  the  various  matters,  as  l^ap- 
pat  in  the  reverberatory  and  Scotch  furnaces.  It  is  therefore  the  sulphuret  of  lead  itsdf 
^which  serves  as  the  agent  of  reduction  in  regard  to  the  oxyde  and  sulphate,  when  little 
«  BO  charcoal  has  been  added.  Sometimes,  however,  towards  the  end  of  the  operation 
it  the  reverberatory  hearth,  it  becomes  necessary  to  throw  in  some  wood  or  charcoal, 
because  the  oxydizement  having  become  too  complete,  there  does  not  remain  a  sufficient 
body  of  sulphuret  of  lead  to  effect  the  decompositions  and  reductions  just  mentioned,  and 
(kerefore  it  is  requisite  to  regenerate  some  galena  by  means  of  carbonaceous  matter, 
vkich  inunediat^y  converts  the  sulphate  of  lead  into  the  sulphuret.  The  sulphur  and 
oxyg«B  are  eventually  all  separated  in  the  form  of  sulphurous  acid.  Roasted  galena 
eooiains  sometimes  no  less  than  77  per  cent,  of  sulphate  of  lead. 

At  Viconago,  in  the  Valais,  the  process  of  smelting  lead  ore  in  the  reverberatory  fur- 
Btce,  with  the  addition  of  bon,  as  practised  at  Vienne,  on  the  Is^re,  was  introduced ; 
bat  the  difficulty  of  procuring  a  sufficient  supply  of  old  iron  has  led  to  an  interesting 
modification. 

Ob  the  hearth  of  the  reverberatory  furnace,  10  quintals  of  moderately  rich  ore  are 
<yread ;  these  are  heated  temperately  for  some  time,  and  stirred  about  to  promote  the 
"ibUnntioii  of  the  sulphur.  AAer  three  or  four  hours,  when  the  ore  seems  to  be  suffi- 
oeatly  desnlphureted,  the  heat  is  raised  so  as  to  melt  the  whole  materials,  and  when- 
ever they  flux  into  a  metallic  glass,  a  few  shovelfuls  of  bruised  charcoal  or  cinders  are 
^brovB  in,  which  soon  thicken  the  liquid,  and  cause  metallic  lead  to  appear.  By  this 
■KSBs  three  fourths  of  the  lead  contained  in  the  ore  are  usually  extracted ;  but  at  length 
^  Mbstance,  becoming  less  and  less  fluid,  yields  no  more  metal.  Stamped  and  washed 
cvbooate  of  iron  (sparry  iron  ore)  is  now  added,  in  the  proportion  of  about  10  per  cent. 
'( the  lead  ore  primarily  introduced. 

On  stirring  and  working  together  this  mixture,  it  assumes  the  consistence  of  a  stiflT 
rt»te,  which  is  raked  out  of  the  furnace.  When  this  has  become  cold,  it  is  broken  into 
rifce«,and  thereafter,  smelted  in  a  slag-hearth,  without  the  addition  of  flux.  By  this 
'Tcntion  aloKMst  the  whole  lead  present  is  obtained.  100  quintals  of  schlich  yield  45 
^r  argentiferous  lead ;  and  in  the  production  of  100  quintals  (cwts.)  of  marketable  lead, 
I'M  cabic  feet  of  beech-wood,  and  357|  quintals  of  charcoal  are  consumed. 
This  process  is  remarkable  for  the  use  of  iron-ore  in  smelting  galena. 
10.  Reduction  in  the  reverberatory  furnace  of  the  litharge  dbtained  in  the  refining  of 
'<a^— The  litharge  of  Alston  Moor  is  seldom  sold  as  such,  but  is  usually  converted  into 
lead,  in  a  reverberatory  furnace. 

In  ccmmencing  this  reduction,  a  bed  of  coal  about  2  inches  thick  is  first  of  all  laid 
*  Uif  hearth ;  which  is  soon  kindled  by  the  flame  of  the  fire-place,  and  in  a  little  while 
1  redieed  to  red  hot  cinders.  Upon  these  a  certain  quantity  of  a  mixture  of  litharge 
*>d  mall  eoal  is  uniformly  spread ;  the  heat  of  the  fire-place  being  meanwhile  so  man- 
Hfd  as  to  maintain  in  the  furnace  %  suitable  temperature  for  enabUng  the  combustible  to 
^ffnn  the  litharge  of  its  oxygen,  and  to  convert  it  into  lead.  The  metal  is  run  out  by 
^tap-hole  into  an  iron  pot ;  and  being  cast  into  pigs  oi  half  a  hundred  weight,  is  sold 
the  name  of  refined  lend  at  a  superior  price. 
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Th^  quantity  of  small  coal  mixed  with  the  litharge  should  be  somewhat  less  than  what 
may  be  necessary  to  effect  the  reduction,  because  if  in  the  course  of  the  process  a  dd- 
ciency  of  it  is  perceived  in  any  part  of  the  furnace,  more  can  always  be  added ;  whereu 
a  redundancy  of  coal  necessarily  increases  the  quantity  of  slag,  which,  at  the  end  of  the 
shift,  must  be  removed  from  the  furnace  before  a  new  operation  is  begun,  whereby  lead 
is  lost.  In  the  reverberatory  furnace,  six  fodders  of  lead  may  be  revived  in  nine  or  ten 
hours ;  during  the  first  six  of  which  the  mixture  of  litharge  and  coal  is  added  at  short 
intervals.    A  fodder  is  from  21  to  24  cwts. 

It  deserves  to  be  remarked  that  the  work  does  not  go  on  so  well  nor  so  qnick  when 
the  coal  and  litharge  are  in  a  pulverulent  form ;  because  the  reduction  in  this  case 
takes  place  only  at  the  surface,  the  air  not  being  able  to  penetrate  into  the  body,  and  to 
keep  up  its  combustion,  and  the  mutual  action  of  the  litharge  and  carbon  in  the  interior. 
But,  on  the  other  hand,  when  the  litharge  is  in  porous  pieces,  as  large  as  a  hen's  egg, 
the  action  pervades  the  whole  body,  and  the  sooty  fumes  of  the  coal  effect  the  rednction 
even  in  the  centre  of  the  fragments  of  the  litharge,  penetrating  into  every  fissore  and 
carr)'ing  off  the  oxygen.  The  heat  ought  never  to  be  urged  so  far  as  to  melt  the 
litharge. 

The  grounds  of  the  cupel,  and  the  slag  of  the  reduction  furnace,  being  a  mixture  of 
small  coke,  coal  ash,  and  oxyde  of  iron,  more  or  less  impregnated  with  lead,  are  smelted 
upon  the  slag  hearth,  along  with  coke,  and,  by  way  of  flux,  with  a  certain  quantity  of  the 
black  scoris  obtaincxi  from  the  same  furnace,  prepared  for  this  purpose,  by  running  it 
out  in  thin  plates,  and  breaking  it  into  small  pieces.  The  lead  thus  obtained  is  nsnally 
very  white,  very  hard,  and  not  susceptible  of  refinement. 

MM.  Dufrrnoy  and  Beaumont  consider  the  smelting  of  lead  ore  by  the  reverberatory 
furnace,  as  practised  in  Derbyshire,  as  probably  preferable  to  that  with  the  slag  hearth 
as  carried  on  in  Brittany ;  a  process  which  seldom  gives  uniform  products,  while  it  occa- 
sions a  more  considerable  waste  of  lead  and  consumption  of  fbeL  ^ 

The  mixed  process  employed  in  Cumberland  of  roasting  the  ore,  and  afterwards 
smelting  it  in  a  small  furnace  resembling  that  called  the  Scotch,  apparently  yields  a 
little  less  lead  than  if  both  operations  were  executed  in  the  reverberatory  furnace ;  but 
according  to  Mr.  Forster  (see  his  Treatise  on  a  Section  of  the  Strata  from  NeweattU 
upon  Tyne,  &c.),  this  slight  loss  is  more  than  compensated  by  the  smaller  consumption 
<rf*  fuel,  the  increased  rapidity  of  the  operation,  and  especially  by  the  much  greater 
purity  of  the  lead  obtained  from  the  Scotch  furnace.  When  it  comes  to  be  refin^  the 
loss  is  only  about  one  twelfth  or  one  thirteenth,  whereas  the  lead  revived  in  the  rever- 
beratory furnace  loses  frequently  a  ninth.  Moreover,  the  lead  furnished  by  the  first 
method  admits  of  being  refined  with  profit,  when  it  yields  only  5  ounces  of  silver  per 
fodder  of  20  quintals,  pirids  de  marc,  while  that  produced  by  the  reverberatory  fumaee 
cannot  be  cupelled  unless  it  gives  10  ounces  per  fodder ;  and  as  in  the  English  copu- 
lation lead  is  constantly  added  anew  without  skimming,  the  litharge  obtained  ija  the 
second  case  can  never  be  brought  into  the  market,  whereas  the  litharge  of  the  leads  from 
the  Scotch  furnace  is  of  good  quality.  See  the  new  method  of  enri(£ing  lead  for  capd- 
lation,  under  Silver. 

As  the  smelting  of  galena,  the  principal  ore  of  lead,  is  not  a  little  complex,  the  foUoiw- 
ing  tabular  view  of  Uie  different,  processes  may  prove  acceptable  to  the  metidlorgist  :— 


Treatment  of 

1 1.  Pure  ores. 
2.  Ores   mixed  with 
saline  gangues. 


I.  Class. 
Treated  in  re- 
verberatory 
furnaces. 


*  A 
Desulphora- 
tion  by  roast- 
ing. 


B 

Desulphura- 
tionby  iron. 


3. 


4. 


Ores  mixed  with 
earthy  gangues. 


Ores  mixed  with 
several    sulphu- 
rets. 

5.  Ores  with  earthy, 
saline,    and    sul- 
phurous    gan- 
gues. 

6.  Ores  with  mattes, 
as  at  Vienne,  ifk 
Dauphiny. 


Proeenof 
Pesey,  Spain,  &c. 
)  England,  in  gen- 
)     eiral. 

(Vicenago,  in 
Italy,  and  Red- 
ruth, in  Com- 
vndl. 

f  Combined  with 
the  above. 


I 


Vienne,  Poul]fr> 
ouen,  and  Taiv 
nowitz. 
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n.  Class. 

Treated  in  the 
mill-slag- 
hearth,  the 
fowmtau  h 
manehey  or 
Scotch  fur- 
nace. 


< 


Foupdmg  aAer 
roasting  in  a 
heap,  or  in  a 
leverbera- 
tory. 

B 

Founding  with 
direct  de- 
sulphuration, 
by  metallic 
iron. 


Treatment  of 

7.  Ores  producing 
slags  of  various 
silicates. 


8.  Ores  producing 
compound  sili- 
cate slags. 

9.  Ores  producing 
slags  composed 
of  silicates  and 
subsilicates. 


I 


Process  of 

(Mattes,  with  raw 
lead. 
Workable     lead,    ) 
without  mattes.  ) 
(Mattes  and  work-  ) 
able  lead.  ^ 

Workable  lead. 

Mattes  and  work- 
able lead. 

Poor    mattes  and  > 
lirorkable  lead.    J 


Many    pla- 
ces, 

Villcfort 

Several  pla- 
ces. 
PontGibaud 

and  Scotch 

furnace. 
Baad-Elms 

Hartz, 

Tamowitz. 

Tamowitz. 


The  annual  production  of  lead  in  Europe  may  be  estimated  at  about  80,000  tons ;  of 
which  four  sevenths  are  produced  in  England,  two  sevenths  in  Spain,  the  remainder  in 
Germany  and  Russia.  France  does  not  produce  more  than  one  five-hundredth  part  of  the 
whole ;  and  only  one  fiftieth  of  its  consumption. 

See  Litharge,  Minium,  «r  Red  Lead,  Solder,  Sugar  or  JcetaU  or  Lead,  Type 
Metal,  and  White  Lead. 

LEAD-SHOT  (Plomb  de  diassey  Fr. ;  Schroi,  Flinterudirot,  Germ.).  The  origin  of 
most  of  the  imperfections  in  the  manufacture  of  lead-shot  is  the  too  rapid  cooling  of  the 
spherules  by  their  being  dropped  too  hot  into  the  water,  whereby  their  surfaces  form  a 
solid  crust,  while  their  interior  remains  fluid,  and,  in  its  subsequent  concretion,  shrinks, 
so  as  to  produce  the  irregularities  of  the  shot 

The  patent  shot  towers  originally  constructed  in  England  obviate  this  evil  by  exposing 
the  fused  spherules  aAer  they  pass  through  the  cullender,  to  a  large  body  of  air  during 
their  descent  into  the  water  tub  placed  on  the  ground.  The  greatest  erection  of  this  kind 
is  probably  at  Yillach,  in  Carinthia,  being  240  Vienna,  or  249  English  feet  high. 

The  quantity  of  arsenic  added  to  the  mass  of  melted  lead,  varies  according  to  the 
quality  of  this  metal ;  the  harder  and  less  ductile  the  lead  is,  the  more  arsenic  must  be 
added.  About  3  pounds  of  either  white  arsenic  or  orpiment  is  enough  for  one  thousand 
parts  of  soft  lead,  and  about  8  for  the  coarser  kinds.  The  latter  are  employed  preferably 
for  shot,  as  they  are  cheaper  and  answer  sufficiently  well.  The  arsenical  alloy  is  made 
either  by  introducing  some  of  this  substance  at  each  melting,  or  by  making  a  quantity  of 
the  compound  considerably  stronger  at  once,  and  adding  a  certain  portion  of  this  to  each 
charge  of  lead.  If  the  particles  of  the  shot  appear  lens  shaped,  it  is  a  proof  that  the 
proportion  of  arsenic  has  been  too  great ;  but  if  they  are  flattened  upon  one  side,  if  they 
are  hollowed  in  their  middle,  called  cupping  by  the  workman,  or  drag  with  a  tail  behind 
them,  the  proportion  of  arsenic  is  too  small. 

The  following  is  the  process  prescribed  by  the  patentees,  Ackerman  and  Martin.  Melt 
a  ton  of  soft  lead,  and  sprinkle  round  its  sides,  in  the  iron  pot,  about  two  shovelfuls  of 
wood  ashes,  taking  care  to  leave  the  centre  clear ;  then  put  into  the  middle  about  40 
pounds  of  arsenic  to  form  a  rich  alloy  with  the  lead.  Cover  the  pot  with  an  iron  lid,  and 
lute  the  joints  quickly  with  loam  or  mortar,  to  confine  the  arsenical  vapors,  keeping  up 
a  moderate  fire  to  maintain  the  mixture  fiuid  for  three  or  four  hours ;  after  which  skim 
carefully,  and  run  the  alloy  into  moulds  to  form  ingots  or  pigs.  The  composition  thus 
made  is  to  be  put  in  the  proportion  of  one  pig  or  ingot  into  1000  pounds  of  melted  ordi- 
nary lead.  When  the  whole  is  well  combined,  take  a  perforated  skimmer  and  let  a  few 
drops  of  it  fall  from  some  height  into  a  tub  of  water.  If  they  do  not  appear  globular, 
some  more  arsenical  alloy  must  be  added. 

Lead  which  contains  a  good  deal  of  pewter  or  tin  must  be  rejected,  because  it  tends  to 
produce  elongated  drops  or  tails. 

From  two  to  three  tons  are  usually  melted  at  once  in  the  large  establishments.  The 
surface  of  the  lead  gets  covered  with  a  crust  of  oxyde  of  a  wUte  spongy  nature,  some- 
times called  cream  by  the  workmen,  which  is  of  use  to  coat  over  the  bottom  of  the  cul- 
lender, because  without  such  a  bed  the  heavy  melted  lead  would  run  too  rapidly  through 
the  holes  for  the  granulating  process,  and  would  form  oblong  spheroids.  The  mounting 
of  this  filter,  or  lining  of  the  cullender,  is  reckoned  to  be  a  nice  operation  by  the  work- 
men, and  is  regarded  usually  as  a  valuable  secret. 

The  cullenders  are  hollow  hemispheres  of  sheet  iron,  about  10  inches  in  diameter,  per- 
forated with  holes,  which  should  be  perfectly  round  and  fVee  from  burs.  These  must  be 
of  a  uniform  size  in  each  cullender ;  but  of  course  a  series  of  different  cullenders,  with 
sorted  holes  for  every  different  size  of  lead  shot,  must  be  prepared.  The  holes  have 
nearly  the  following  diameters  for  the  annexed  numbers  of  shot. 
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No.  0.  •  •  -  •  •  •    JL«f  ani 

1 X       _ 

3 ?       _ 


is  - 

From  No.  5  to  No.  9  the  diameter  decreases  by  regular  gradations,  the  latter  being  only 

The  operation  is  always  carried  on  with  three  cullenders  at  a  time ;  which  are  8iq>- 
ported  upon  projecting  grates  of  a  kind  of  chafing  dish  made  of  sheet  iron  somewhat  Vit 
a  triangle.  This  chafing  dish  should  be  placed  immediately  above  the  fall ;  whUe  at  its 
bottom  there  must  be  a  tub  half  filled  with  water  for  receiving  the  granulated  lead.  The 
cullenders  are  not  in  contact,  but  must  be  parted  by  buniing  charcoal,  in  order  to  keep  the 
lead. constantly  at  the  proper  temperature,  and  to  prevent  its  solidifying  in  the  filter.  The 
temperature  of  the  lead  bath  should  vary  with  the  size  of  the  shot ;  for  the  largest,  it 
should  be  such  that  a  bit  of  straw  plunged  into  it  will  be  scarcely  browned,  but  for  aU  it 
should  be  nicely  regulated.  The  height  from  which  the  particles  should  be  let  fall  varies 
likewise  with  the  size  of  the  shot ;  as  the  congelation  is  the  more  rapid,  the  smaller  th^ 
are.  With  a  fall  of  33  yards  or  100  feet,  from  No.  4  to  No.  9  may  be  made;  bat  fiir 
larger  sizes,  150  feet  of  height  wiU  be  required.  • 

Kvery  thing  being  arranged  as  above  described,  the  workman  puts  the  filter-stufif  into 
the  cullender,  pressing  it  well  against  the  sides.  He  next  pours  lead  into  it  with  an  iron 
ladle,  but  not  in  too  great  quantity  at  a  time,  lest  it  should  run  through  too  fast.  The 
shot  thereby  formed  and  found  in  the  tub  are  not  all  equal. 

The  centre  of  the  cullender  being  less  hot  afibrds  larger  shot  than  the  sides,  which  are 
constantly  surrounded  with  burning  charcoal.  Occasionally,  also,  the  three  cuQendcrs 
employed  together  may  have  holes  of  diiferent  sizes,  in  which  case  the  tub  may  contain 
shot  of  very  various  magnitudes.  These  are  separated  from  each  other  by  square 
sieves  of  different  fineness,  10  inches  broad  and  16  inches  long^  their  bottoms  being  of 
sheet  iron,  pierced  with  holes  of  the  same  diameters  as  those  of  the  cullenders.  These 
sieves  are  suspended  by  means  of  two  bands  above  boxes  for  receiving  the  shot ;  one 
sieve  being  usually  set  above  another  in  consecutive  numbers,  for  instance,  1  and  2.  The 
shot  being  put  into  the  upper  sieve.  No.  0  will  remain  in  it.  No.  1  will  remain  in  the 
lower  sieve,  and  No.  2  will,  with  all  the  others,  pass  through  it  into  the  chest  below.  It  is 
obvious  that  by  substituting  sieves  of  successive  fineness,  shot  of  any  dimension  may  be 
sorted. 

In  the  preceding  process  the  shot  has  been  sorted  to  size ;  it  must  next  be  sorted  to 
form,  so  as  to  separate  all  the  spheroids  which  are  not  truly  round,  or  are  defective  in  any 
respect.  For  this  purpose  a  board  is  made  use  of  about  27  inches  long  and  16  broa^ 
furnished  partially  with  upright  ledges ;  upon  this  tray  a  handful  or  two  of  the  shot  to  be 
sorted  being  laid,  it  is  inclined  very  slightly,  and  gently  shaken  in  the  horizontal  directioiiy 
when  the  globular  particles  run  down  by  one  edge,  into  a  chest  set  to  receive  them,  while 
those  of  irregular  forms  remain  on  the  sides  of  the  tray,  and  ore  reserved  to  be  remelted. 

AAer  being  sorted  in  this  way,  the  shot  requires  still  to  be  smoothed  and  polished 
bright.  This  object  is  effected  by  putting  it  into  a  small  octagonal  cask,  through  a  door 
in  its  side,  turning  upon  a  horizontal  iron  axis,  which  rests  in  plummer  boxes  at  its  ends, 
and  is  made  to  revolve  by  any  mechanical  power.  A  certain  quantity  of  plumbago  or 
black  lead  is  put  in  along  with  the  shot. 

LAZULITE  (Kng.  and  Fr,;  LazulUh,  Germ.)  is  a  blue  vitreous  mineral,  crystalliaii^ 
in  rhomboidal  dodecahedrons ;  spec,  grav.,  2*76  to  2*94 ;  scratches  glass ;  afibitis  a  little 
water  by  calcination  ;  fusible  into  a  white  glass;  dissolves  in  acids  with  loss  of  coknr; 
solution  leaves  an  alkaline  residuum,  after  being  treated  with  carbonate  of  ammonia,  fil- 
tered,  evaporated,  and  calcined.  It  consists  of  silica,  35*8 ;  alumina,  34*8 ;  soda,  23-2  ; 
sulphur,  3*1  ;  carbonate  of  lime,  3*1.  This  beautiful  stone  afibrds  the  native  uliramarimt 
pigment,  which  was  very  costly  till  a  mode  of  making  it  artificially  was  lately  discovered. 
See  Ultramarine. 

LEATHER  (Cuir,  Fr. ;  Germ.,  Leder)  is  the  skin  of  animals,  so  modified  by  chemical 
means  as  to  have  become  unalterable  by  the  external  agents  which  tend  to  decompose  it 
in  its  natural  state.  The  preparation  in  a  rude  manner  of  this  valuable  substance,  has 
been  known  from  the  most  ancient  times,  but  it  was  not  till  the  end  of  the  last,  and  the 
beginning  of  the  present  century,  that  it  began  to  be  manufactured  upon  right  principles^ 
in  consequence  of  the  researches  of  Macbride,  Deyeux,  Seguin,  and  Davy.  There  are 
several  varieties  of  leather,  such  as  sole  leather,  boot  or  upper  leather,  shamoy  leather 
kid  or  glove  leather,  &.C.  Skins  may  be  converted  into  leather  either  with  or  withoal 
their  hairy  coat. 

We  shall  treat  first  of  sole  and  upper  leathers,  being  the  most  important,  and  mosA 
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costly  and  difBcalt  to  prepare  in  a  proper  manner.  These  kinds  consist  of  organized 
fibrous  gelatine  or  skin,  combined  with  the  proximate  vegetable  principle,  tannin,  and 
probably  also  some  vegetable  extractivcr  Under  the  articles  Galls  and  Tannin,  will 
be  found  an  account  of  the  properties  of  this  substance,  and  the  means  of  obtaining  it  in  a 
state  of  purity.  Calf  leather  quickly  tanned  by  an  infusion  of  galls,  consists  of  61  parts 
of  skin,  and  39  of  vegetable  matter  in  100  by  weight ;  by  solution  of  catechu,  it  consists 
of  80  of  skin,  and  20  of  vegetable  matter ;  by  infusion  of  Leicester  willow,  of  74*5  skin, 
and  25*5  vegetable  'matter ;  and  by  infusion  of  oak  bark,  of  73*2  skin,  and  26*8  vegetable 
matter.  By  the  slow  process  of  tanning,  continued  for  three  months,  the  increase  of 
weight  upon  the  skin  in  its  conversion  into  leather,  is  greatly  less ;  the  vegetable  constit> 
taents  being  from  Leicester  willow  only  13  per  cent,  of  the  leather,  and  from  oak  bark 
15  per  cent.  Sole  leather,  however,  generally  contains  no  less  than  40  per  cent,  of  vege- 
table matter.  In  every  astringent  bark,  the  inner  white  part  next  to  the  albumnm,  con- 
tains the  largest  quantity  of  tannin,  and  the  middle  colored  part  contains  most  extractive 
matter.  The  outer  suHkce  or  epidermis  seldom  furnishes  either  tannin  or  extractive 
matter.  Young  trees  abound  most  in  the  white  cortical  layers,  and  are  hence  more  pro- 
ductive of  tannin  un4er  equal  weights,  than  the  barks  of  M  trees.  In  no  case  is  there 
any  reason  to  believe  that  the  gallic  acid  of  astringent  vegetables  is  absorbed  in  the  pro- 
cess of  making  leather ;  hence  Seguin's  theory  of  the  agency  of  that  substance  in  disoxy- 
genating  skin,  falls  to  the  ground.  The  different  qualities  of  leather  made  with  the 
same  kind  of  skin,  seem  to  depend  very  much  upon  the  different  quantities  of  extractive 
matter  it  may  have  absorbed.  The  leather  made  with  infusion  of  galls,  is  generally 
harder  and  more  liable  to  crack  than  the  leather  obtained  fVom  infusions  of  baxks ;  and 
it  always  contains  a  much  lai^er  proportion  of  tannin,  and  a  smaller  proportion  of  extrac- 
tive matter. 

When  calf  skin  is  slowly  tanned  in  weak  solutions  of  the  bark,  or  of  catechu,  it  com- 
bines with  a  good  deal  of  extractive  matter,  and  though  the  increase  of  the  weight  of  the 
skin  be  comparatively  small,  yet  it  has  become  perfectly  insoluble  in  water,  forming  a 
soft,  but  at  the  same  time  a  strong  leather.  The  saturated  infusions  of  astringent  barks 
contain  much  less  extractive  matter  in  proportion  to  their  tannin,  than  the  weak  infb- 
sions ;  and  when  skin  is  quickly  tanned  in  the  former,  it  produces  a  worse  and  less 
durable  leather  than  when  slowly  tanned  in  the  latter.  In  quick  tanning,  a  considerable 
quantity  of  vegetable  extractive  matter  is  thus  lost  to  the  manufacturer,  which  might 
have  been  made  to  enter  as  a  useful  constituent  into  the  leather.  These  observations 
show  that  there  is  suflicicnt  foundation  for  the  opinion  of  the  common  workmen,  con- 
cerning what  is  technically  called  feeding  of  leather,  in  the  slow  method  of  tanning^ 
and  though  the  processes  of  this  art  have  been  unnecessarily  protracted  by  defective 
methods  of  steeping,  and  want  of  progressive  infiltration  of  the  astringent  liquor  through 
the  skins,  yet  in  general  they  appear  to  have  arrived,  in  consequence  of  old  experience,  at 
a  degree  of  perfection  in  the  quality  of  the  leather,  which  cannot  be  far  exceeded  by 
means  of  any  theoretical  suggestions  which  have  been  advanced. 

On  the  first  vie^  it  may  appear  surprising,  that  in  those  cases  of  quick  ta'^ning^ 
where  extractive  matter  forms  a  certain  portion  of  the  leather,  the  increase  of  weight  is 
less  than  when  the  skin  is  combined  with  the  pure  tannin ;  but  the  fact  is  easily  account- 
ed for,  when  we  consider  that  the  attraction  of  skin  for  tannin  must  be  probably  weak- 
ened by  its  union  with  extractive  matter ;  and  whether  we  suppose  that  the  tannin  and 
extractive  matter  enter  together  into  combination  with  the  matter  of  skin,  or  unite  with 
separate  portions  of  it,  still,  in. either  case,  the  primary  attraction  of  skin  for  tan  must  be 
to  a  certain  extent  diminished. 

In  examining  astringent  vegetables  in  relation  to  their  power  of  making  leather,  it  is 
necessary  to  take  into  account  not  only  the  quantity  they  may  contain  of  the  substance 
precipitable  by  gelatine,  but  likewise  the  quantity  and  the  nature  of  the  extractive  matter; 
and  in  cases  of  comparison,  it  is  essential  to  employ  infusions  of  the  same  degree  of  con- 
centration. 

Of  aU  astringent  substances  hitherto  examined,  catechu  is  that  which  contains  the 
largest  proportion  of  tannin ;  and  in  supposing,  according  to  the  usual  estimation,  that 
from  four  to  five  pounds  of  conmion  oaJc  bark  are  required  to  produce  one  pound  of 
leather,  it  appears,  from  the  various  synthetical  experiments,  that  about  half  a  pound  of 
catechu  would  answer  the  same  purpose.  Mr.  Purkis  found,  by  the  results  of  different 
accnrate  experiments,  that  1  pound  of  catechu  was  equivalent  to  7  or  8  of  oak  bark. 
For  the  conmion  purposes  of  the  tanner,  1  pound  of  it  would  be  equivalent  also  to  2} 
pounds  of  galls,  to  7 1  of  the  Leicester  willow,  to  11  of  the  bark  of  the  Spanish  chestnut, 
to  18  of  the  bark  of  the  common  elm,  tq  21  of  the  bark  of  the  common  willow,  and  to  3^ 
pounds  of  sumach. 

Various  menstrua  have  been  proposed  for  the  purpose  of  expediting  and  improving  the 
process  of  tanning,  among  others,  lime  water,  and  solution  of  pearl-ash ;  but  as  these 
two  sabstances  form  compounds  with  tannin  which  are  not  decomposable  by  gelatine,  *l 
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ibUows  that  their  effects  mast  be  prejudiciaL  There  is  very  little  reason  to  suppose  tlttl 
any  bodies  will  be  found  which,  at  the  same  time  that  they  increase  the  sdnbility  of  taik- 
nin  in  water,  will  not  likewise  diminish  its  attraction  for  dcin. 

In  this  country  all  tanned  leather  is  distinguished  into  two  kinds,  called  hida  and 
tkins  i  the  former  term  being  appropriated  to  that  made  from  the  larger  animals,  as 
bulls,  buffaloes,  oxen,  and  cows,  into  thick  strong  sole  leather ;  and  the  latter  to  thai 
made  from  calves,  s«ds,  &.C.,  into  thinner  and  more  flexible  upper  leather.  Sometimes 
the  hides  are  brought  into  the  market  merely  dried,  as  from  Buenos  Ayres ;  or  dried  and 
salted,  as  from  Bahia  and  Pernambuco ;  but  the  greater  part  are  fresh  from  recently 
slaughtered  animals.  The  heaviest  ox-hides  are  preferred  for  forming  hmttw  or  AodUy 
which  are  manufactured  as  follows  : — 

The  washing  process  must  be  more  or  less  elaborate,  according  to  the  state  of  the  skins. 
Those  that  are  salted  and  dry  require  to  be  steeped,  liNeaten,  and  rubbed  several  times  id- 
temately,  to  bring  them  to  the  fresh  condition. 

After  removing  the  horns,  the  softened  or  recent  hides  are  laid  in  a  heap  for  two  or 
three  days,  after  which  they  are  suspended  on  poles  in  a  close  room  caUed  a  smoke- 
house, heated  somewhat  above  the  common  temperature  by  a  smouldering  fire.  In  these 
circumstances,  a  slight  putrefaction  supervenes,  which  loosens  the  epidermis,  and  renders 
the  hair  easily  detachable  by  the  Jlesking  knife ;  a  large  two  handled  implement,  with  a 
blunt  edge,  and  bent  to  suit  the  curvature  of  the  rounded  beam  of  the  wooden  horse  npoa 
which  the  hide  is  scraped.    See  Currying. 

The  next  step  is  immersion  in  a  pit  containing  water  impregnated  with  about  a  1000th 
part  of  sulphuric  acid.  This  process  is  colled  raising,  because  it  distends  the  pores,  and 
makes  the  fibres  swell,  so  as  to  render  the  skins  more  susceptible  of  the  action  of  the  tan- 
ning infusions.  Forty-eight  hours  in  general  suffice  for  this  operation,  but  more  time  may 
be  safely  taken. 

When  the  hides  are  found  to  be  sufficiently  raised,  they  are  transferred  to  a  pit,  in 
which  they  arc  stratified  with  oak  bark,  ground  by  a  proper  mill  into  a  eoarse  powder. 
The  pit  is  then  filled  up  with  an  infusion  of  oak  bark  called  ooze,  and  the  hides  are 
allowed  to  remain  in  it  for  about  a  month  or  six  weeks.  By  this  time  the  tannin  and 
extractive  matter  of  the  bark  having  combined  intimately  with  the  animal  fibre,  the 
pit  is  exhausted  of  its  virtue,  and  must  be  renewed,  by  taking  out  the  spent  bark,  and 
subjecting  the  skins  to  a  fresh  dose  of  oak  bark  and  ooze.  The  hides  which  were 
placed  near  the  top  of  the  first  pit,  must  be  placed  near  the  bottom  of  the  next.  In  this 
mixture  they  remain,  upon  the  old  practice,  about  three  months.  The  last  process 
being  repeated  twice  or  thrice,  perfectly  tanned  leather  is  the  result.  The  hides  are  now 
removed  from  the  pit,  and  hung  up  in  a  shed.  In  the  progress  of  drying,  which  should 
be  slow,  they  are  compressed  with  a  steel  tool,  and  beaten  smooth,  to  render  them  more 
firm  and  dense. 

Some  manufacturers  place  on  the  bottom  of  the  pit  5  or  6  inches  of  spent  bark,  over 
it  2  inches  of  fresh  bark,  then  a  skin  ;  and  so,  alternately,  a  laypj*  of  new  biourk  and  a  skin, 
till  the  pit  is  nearly  full,  reserving  a  small  space  at  top  for  a  thicket  layer  of  bark,  over 
which  weighted  boards  are  laid,  to  condense  the  whole  down  into  the  tanning  infusion. 

The  operation  of  tanning  «ole  leather  in  the  above  way,  lasts  a  year  or  a  year  and  a 
half,  according  to  the  quality  wanted,  and  the  nature  of  the  hides. 

A  perfect  leather  is  recognised  by  its  section,  which  should  have  a  glistening  marUed 
appearance,  without  any  white  streaks  in  the  middle. 

Crop  hides  are  manufactured  by  immersion,  during  three  or  four  dayv,  in  pits  contain- 
ing milk  of  lime ;  ii)  which  they  are  occasionally  moved  up  and  down  in  order  to  expose 
them  equally  to  the  action  of  this  menstruum.  They  are  then  removed,  and  cleared 
from  hair  and  impurities,  by  using  the  fleshing  knife  upon  the  horse ;  after  which  they 
must  be  completely  freed  from  the  lime  by  a  thorough  washing.  They  are  next 
plunged  in  pits  containing  a  weak  ooze  or  infusion  pf  oak  bark,  from  which  they  are 
successively  transferred  into  other  pits  with  stronger  ooze ;  all  the  while  being  daily 
handUdf  that  is,  moved  up  and  down  in  the  infusion.  This  practice  is  continued  for 
about  a  month  or  six  weeks.  They  are  now  ready  to  be  subjected  to  a  mixture  of  ground 
oak  bark  and  stronger  ooze  in  other  pits,  to  a  series  of  which  they  are  progressively  sub- 
jected during  two  or  three  months. 

The  hides  are  next  put  into  large  vats,  called  layers,  in  which  they  are  smoothly  strati- 
fied with  more  oak  bark,  and  a  stronger  infusion  of  it.  After  six  weeks  they  are  taken 
out  of  these  vats,  and  subjected  to  a  new  charge  of  the  same  materials  for  two  months. 
This  simple  process  is  repeated  twice  or  thrice,  at  the  option  of  the  manufacturer,  till 
the  hides  are  thoroughly  tanned.  They  are  then  slowly  dried,  and  condensed  in  the  man- 
ner above  described.  These  crop  hides  form  the  principal  part  of  the  sole  leather  «sed 
for  home  consumption  in  England. 

The  process  of  tanning  s/ctiw  (as  of  calves,  seals,  Itc)  is  in  some  respects  peculiaiw 
They  are  left  in  the  lioi^  pits  for  aboat  tw«We  days^  when  they  are  stripped  of  Mr 
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hair,  washed  in  water,  then  immersed  in  a  UxiTinm  of  pigeons*  dang,  called  a  grainery  of 
an  alkaline  nature.  Here  they  remain  from  eia^ht  to  ten  days,  according  to  the  state  of 
the  atmosphere,  during  which  time  they  are  frequently  handled,  and  scraped  on  both ' 
sides  upon  a  convex  wooden  beam.  This  scraping  or  working,  as  it  is  termed,  joined  to 
the  action  of  the  grainer,  serves  to  separate  the  lime,  oil,  and  glutinous  matter,  and  to 
render  the  skin  pliant,  sdft,  and  ready  to  imbibe  the  tanning  principle.  They  are  with 
this  view  transferred  into  pits  containing  a  weak  solution  of  bark,  in  which  they  undergo 
nearly  the  same  treatment  as  described  above  for  crop  hides ;  but  they  are  not  com- 
monly stratified  in  the  layers.  The  time  occupied  in  tanning  them  is  usually  limited 
to  three  months.  They  are  then  dried,  and  disposed  of  to  the  currier,  who  dresses  and 
blackens  them  for  the  upper  leathers  of  boots  and  shoes,  for  harness,  and  other 
purposes.  The  light  and  thin  sorts  of  cow  and  horse  hides  are  often  treated  like  calf 
skins. 

In  all  the  above  processes,  as  the  animal  fibres  on  the  surface  of  the  skin  absorb  most 
readily  the  tanning  principles,  and  thereby  obstruct,  in  a  certain  degree,  their  passage 
into  the  interior  fibres,  especially  of  thick  hides,  it  becomes  an  object  of  importance  to 
contrive  some  method  of  overcoming  that  obstacle,  and  promoting  the  penetration  of 
the  tan.  The  first  manufacturer  who  appears  to  have  employed  etticacious  mechanical 
means  of  favoring  the  chemical  action  was  Francis  6.  Spilsbury,  who  in  April,  1823, 
obtained  a  patent  for  the  following  operation : — AAer  the  hiJes  are  freed  from  the 
hairs,  &c.  in  the  usual  way,  they  are  minutely  inspected  as  to  their  soundness,  and  if 
any  holes  be  found,  they  are  carefully  sewed  up,  so  as  to  be  water  tight.  Three  frames 
of  wood  are  proviJed  of  equal  dimensions,  fitted  to  each  other,  with  the  edges  of 
the  frames  held  together  by  screw  bolts.  A  skin  about  to  be  tanned  is  now  laii  upon 
the  frame,  and  stretched  over  its  edges,  then  the  second  frame  is  to  be  placed  upon 
it,  so  that  the  edges  of  the  two  frames  may  pinch  the  skin  all  round  and  hold  it  securely ; 
another  such  skin  is  then  stretched  over  the  upper  surface  of  the  second  frame,  in  like 
manner^  and  a  third  frame  being  set  upon  this,  confines  the  second  skin.  The  three 
frames  are  then  pinched  tightly  together  by  a  series  of  screw  bolts,  passing  through  ears 
set  round  their  outer  edges,  which  fix  the  skin  in  a  proper  manner  for  being  operated  upon 
by  the  tanning  liquor. 

A  space  has  been  thus  formed  between  the  two  skins,  into  which,  when  the  frames 
are  set  upright,  the  infusion  is  introduced  by  means  of  a  pipe  from  the  cistern  above, 
while  the  air  is  permitted  to  escape  by  a  stopcock  below.  This  cock  must  of  course  be 
shut  whenever  the  bag  is  filled,  bat  the  one  above  is  left  open  to  maintain  a  communica- 
tion with  the  liquor  cistern,  and  to  allow  the  hydrostatic  pressure  to  force  the  li  ^nor 
through  the  cutaneous  pores  by  a  slow  infiltration,  and  thus  to  bring  the  tannin  into  con- 
tact with  all  the  fibres  indiscriminately.  The  action  of  this  pressure  is  evinced  by  a  con- 
stant perspiration  on  the  outer  surfaces  of  the  skins. 

When  the  tanning  is  completed,  the  upper  stopcock  is  closed,  and  the  under  is  opened 
to  run  ofl'  the  li  i^r.  The  frames  are  now  removed,  the  bolls  are  unscrewed,  and  the 
pinched  edges  of  me  skins  pared  off;  aAer  which  they  are  to  be  dried  and  finished  in  the 
usual  manner. 

A  modification  of  this  ingenious  and  effectual  process  was  made  the  subject  of  a 
patent,  by  William  Drake,  of  Bedminster,  tanner,  in  October,  1831.  The  hiJes,  aAer 
the  usual  preparatory  processes,  are  immersed  in  a  weak  tan  liquor,  and  by  frequent 
handling  or  turning  over,  receive  an  incipient  tanning  before  being  submitted  to  the 
infiltration  plan.  Two  hides,  as  nearly  of  the  same  size  and  shape  as  possible,  are  placed 
grain  to  grain,  when  their  corresponding  edges  are  sewed  firmly  together  all  round 
by  shoemakers'  waxed  thread,  so  as  to  form  a  bag  sufficiently  tight  to  hold  tan  liquor. 
This  bag  must  then  be  8us|)ended  by  means  of  loops  sewed  to  its  shoulder  end,  upon 
pegs,  in  such  a  manner  that  it  may  hang  within  a  wooden-barred  rack,  and  be  confine4f 
laterally  into  a  book  form.  About  an  inch  of  the  bag  is  left  unsewed  at  the  upper  end, 
for  the  purpose  of  introducing  a  funnel  through  which  the  cold  tan  liquor  is  poure  1  into 
the  bag  till  it  be  full.  AAer  a  certain  interval  which  varies  with  the  quality  of  the  hides, 
the  outer  surface  becomes  moist,  and  drops  begin  to  form  at  the  bottom  of  the  bag.  These 
are  received  in  a  proper  vessel,  and  when  they  accumulate  sufficiently  may  be  poured 
back  into  the  funnel ;  the  bag  being  thus,  as  well  as  by  a  fresh  supply  from  above,  kept 
eoDstantly  distended. 

When  the  hides  are  observed  to  feel  hard  and  firm,  while  every  part  of  them  feela 
equally  damp,  the  air  of  the  tanning  apartment  having  been  always  well  ventilated,  is 
now  to  be  heated  by  proper  means  to  a  temperature  gradually  increasing  from  70^ 
to  150*  of  Fahrenheit's  scale.  This  heat  is  to  be  maintained  till  the  hides  become 
tinner  and  harder  in  all  parts.  When  they  be^in  to  assume  a  black  appearance  in  ^me 
parts,  and  when  the  tan  liquor  undergoes  little  diminution,  the  hides  may  be  consi  iered 
to  be  tanned,  and  the  bag  may  be  emptied  by  cuttin?  a  few  stitches  at  its  bottom. 
The  cater  eddies  being  pared  off,  the  hides  are  to  be  finished  in  the  usual  way.    During 
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their  suspension  within  the  racks,  the  hides  should  be  shiAed  a  little  sideways:,  to 
prevent  the  formation  of  farrows  by  the  bars,  and  to  facilitate  the  equable  action  of  the 
liquor. 

By  this  process  the  patentee  says,  that  a  hide  may  be  tanned  as  completely  in  ten 
days  as  it  could  be  in  ten  months  by  the  usual  method.  I  have  seen  a  piece  of  sole  leather 
thus  rapidly  tanned,  and  it  seemed  to  be  perfect.  How  it  may  wear,  compared  with  that 
made  in  the  old  way,  I  cannot  pretend  to  determine. 

Messrs.  Knowlys  and  Duesbury  obtained  a  patent  in  August,  1826,  for  accelerating 
the  impregnation  of  skins  with  tannin,  by  suspending  them  in  a  close  vessel,  from  which 
the  air  is  to  be  extracted  by  an  air  pump,  and  then  the  tanning  infusion  is  to  be  admitted. 
In  this  way,  it  is  supposed  to  penetrate  the  hide  so  effectually  as  to  tan  it  uniformly  in  a 
short  time. 

About  32  years  ago,  a  similar  vacuum  scheme  was  employed  to  impregnate  with 
weavers'  paste  or  starch,  the  cops  of  cotton  weA,  for  the  dandy  looms  of  Messrs.  JRaddiff 
and  Ross,  of  Stockport. 

Danish  leather  is  made  by  tanning  lamb  and  kid  skins  with  willow  bark,  whence  it  de- 
rives an  agreeable  smell.    It  is  chiefly  worked  up  into  gloves. 

Of  the  tawing  or  dressing  of  skins  for  gloves,  and  white  sheep  leather. 

The  operations  of  this  art  are :  1.  washing  the  skins ;  2.  properly  treating  them  with 
lime ;  3.  taking  off  the  fleece ;  4.  treatment  in  the  leather  steep. 

A  shed  erected  upon  the  side  of  a  stream,  with  a  cistern  of  water  for  washing  the 
skins;  wooden  horses  for  cleaning  them  with  the  back  of  the  fleshing  knife;  pincers 
for  removing  the  fibres  of  damaged  wool ;  a  plunger  for  depressing  the  skins  in  the 
pits ;  a  lime  pit ;  a  pole  with  a  bag  tied  to  the  end  of  it ;  a  two-handed  fleshing  knife ; 
a  rolling  pin,  from  15  to  18  inches  long,  thickened  in  the  middle ;  such  arc  some  of  the 
utensils  of  a  tawing  establishment.  There  must  be  provided  also  a  table  for  applying  the 
oil  to  the  skins ;  a  fulling  mill,  worked  by  a  water-wheel  or  other  power ;  a  dressidg  peg ; 
a  press  for  squeezing  out  the  fatty  filth ;  a  stove ;  planks  mounted  upon  legs,  for  stretch- 
ing the  skins,  &c. 

Fresh  skins  must  be  worked  inmiediately  aAer  being  washed,  and  then  dried,  other- 
wise they  ferment,  and  contract  either  indelible  spots,  or  get  tender  in  certain  points,  »o 
as  to  open  up  and  tear  under  the  tools.  When  received  in  the  dry  state  they  should 
be  steeped  in  water  for  two  days,  and  then  treated  as  fresh  skins.  They  are  next  strongly 
rubbed  on  the  convex  horse-beam  with  a  round-edged  knife,  in  order  to  make  them  pli- 
ant. The  rough  parts  are  removed  by  the  fleshing  knife.  One  workman  can  in  this  way 
prepare  200  skins  in  a  day. 

The  flesh  side  of  each  being  rubbed  with  a  cold  cream  of  lime,  the  skins  are  piled 
together  with  the  woolly  side  of  each  pair  outermost,  and  the  flesh  sides  in  .contact. 
They  are  led  in  this  state  for  a  few  days,  till  it  is  found  that  the  wool  may  be  easily  re- 
moved by  plucking,  % 

They  are  next  washed  in  running  water,  to  separate  the  greater  part  of  the  lime, 
stripped  of  the  wool  by  small  spring  tweezers,  and  then  fleeced  smooth  by  means  of  the 
rolling-pin,  or  sometimes  by  rubbing  with  a  whetstone.  Unless  they  be  fleeced  soon 
after  the  treatment  with  lime,  they  do  not  well  admit  of  this  operation  subsequently,  as 
they  are  apt  to  get  hard. 

They  are  now  steeped  in  the  milk  of  lime-pit,  in  order  to  swell,  soAen,  and  cleanse 
them ;  afterwards  in  a  weak  pit  of  old  lime-water,  from  which  they  are  taken  out  and 
drained.  This  steeping  and  draining  upon  inclined  tables,  are  repealed  frequently  during 
the  space  of  3  weeks.  Only  the  skins  of  young  animals,  or  those  of  inferior  vidae,  are 
tawed.    Sometimes  the  wool  is  left  on,  as  for  housings,  &c. 

The  skins,  aAer  having  been  well  soAened  in  the  steeps,  are  rubbed  on  the  outside 
with  a  whetstone  set  in  a  wooden  case  with  two  handles,  in  order  to  smooth  them 
oompletely  by  removing  any  remaining  filaments  of  wool.  Lamb  skins  are  rubbed 
with  the  pin  in  the  direction  of  their  breadth,  to  give  them  suppleness ;  but  sheep  skins 
are  fulled  with  water  alone.  They  are  now  ready  for  the  branning,  which  is  done  by 
mixing  40  lbs.  of  bran  with  20  gallons  of  water,  and  keeping  them  in  this  fermentable 
mixture  for  three  weeks — with  the  addition,  if  possible,  of  some  old  bran  water.  Here 
they  must  be  frequently  turned  over,  and  carefully  watched,  as  it  is  a  delicate  operation. 
In  the  course  of  two  days  in  summer,  and  eight  in  winter,  the  skins  are  said  to  be 
rai$edf  when  they  sink  in  the  water.  On  coming  out  of  the  bran,  they  are  ready 
for  the  white  stufl';  which  is  a  bath  composed  of  alum  and  sea-salt.  Twelve,  fourteen, 
and  sometimes  eighteen  pounds  of  alum  for  100  skins,  form  the  basis  of  the  bath ;  to 
which  two  and  a  half  pounds  of  salt  are  added  in  winter,  and  three  in  summer.  These 
ingredients  are  introduced  into  a  copper  with  twelve  gallons  of  water.  The  salt  aids 
in  the  whitening  action.    When  the  solution  is  about  to  boil,  three  gallons  of  it  are 
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passed  through  the  cullender  into  m  basin ;  in  this  26  skins  are  worked  one  after  another, 
and,  ader  draining,  they  are  put  together  into  the  bath,  and  led  in  it  for  ten  minutes  to 
imbibe  the  salts.  They  are  now  ready  to  receive  the  paste.  For  100  skins,  from  13  to 
15  pounds  of  wheat  flour  are  used  along  with  the  yolks  of  50  eggs.  Afler  having  warmed 
the  alum  bath  through  which  the  skins  have  been  passed,  the  flower  is  dusted  into  it, 
with  careful  stirring.  The  paste  is  well  kneaded  by  the  gradual  addition  of  the  solution, 
and  passed  through  the  cullender,  whereby  it  becomes  as  clear  as  honey.  To  this  the 
yolks  being  added,  the  whole  is  incorporated  with  much  manual  labor.  The  skins  ore 
worked  one  afVer  another  in  this  paste ;  and  aAerwards  the  whole  together  are  led  im- 
mersed in  it  for  a  day.  They  are  now  stretched  and  dried  upon  poles,  in  a  proper  apart- 
ment, during  dom  8  to  15  days,  according  to  the  season. 

The  effects  of  the  paste  are  to  whiten  the  skins,  to  soden  them,  and  to  protect  them 
from  the  hardening  influence  of  the  atmosphere,  which  would  naturally  render  them 
brittle.  They  would  not  bear  working  upon  the  softening  iron,  but  for  the  emulsion 
which  has  been  introduced  into  their  substance.  With  this  view  they  are  dipped  in  a  tub 
of  clear  water  during  five  or  six  minutes,  and  then  spread  and  worked  upon  the  board. 
They  are  increased  by  this  means  in  length,  in  the  proportion  of  5  to  3.  No  hard  points 
must  be  led  in  them.  The  whiteness  is  also  better  brought  out  by  this  operation,  which 
is  performed  upon  the  flesh  side.  The  sodening  tool  is  an  iron  plate,  about  one  foot 
broad,  rounded  over  above,  mounted  upon  an  upright  beam,  30  inches  his^h,  which 
is  fixed  to  the  end  of  a  strong  horizontal  plank,  3|  feet  lone,  and  1  broad.  This  plank 
is  heavily  loaded,  to  make  it  immoveable  upon  the  floor.  Sometimes  the  skins  arc  next 
spread  over  an  undressed  clean  skin  upon  the  horse,  and  worked  well  with  the  two-handled 
knife,  for  the  purpose  of  removing  the  first  and  second  epidermis,  called  the  Jleur  and 
arritrt-JUur  by  the  French  megissiers.  They  arc  then  dried  whUe  stretched  by  hooks  and 
strings.  When  dry  they  are  worked  on  the  stretching  iron,  or  they  are  occasionally  pol- 
ished with  pumice  stone.  A  delicate  yellow  tint  is  given  by  a  composition  made  of  two 
parts  of  whitening,  and  one  of  ochre,  applied  in  a  nooistened  state,  and  well  worked  in 
upon  the  grain  side.  Ader  being  polished  with  pumice,  they  are  smoothed  with  a  hot 
iron,  as  the  laundresses  do  linen,  whereby  they  acquire  a  degree  of  lustre,  and  are  ready 
to  be  delivered  to  the  glover. 

For  housings,  the  best  sheepskins  are  selected,  and  such  as  are  covered  with  the  longest 
and  most  beautiful  fleece.  They  are  steeped  in  water,  in  order  to  be  cleansed  and  sod- 
ened ;  ader  which  they  are  thinned  inside  by  the  fleshing  knife.  They  are  now  steeped 
in  an  old  bran  pit  for  3  or  4  days,  when  they  are  taken  out  and  washed.  They  are  next 
subjected  to  the  white  or  alum  bath,  the  wool  being  carefully  folded  within ;  about  18 
pounds  of  alum  being  used  for  100  skins.  The  paste  is  made  as  for  the  fleeced  skins,  but 
it  is  merely  spread  upon  their  flesh  side,  and  led  upon  them  for  18  hours,  so  as  to  stiffen. 
1%ey  are  then  hung  up  to  dry.  They  are  next  moistened  by  sprinkling  coW  water 
upon  them,  folded  up,  piled  in  a  heap,  and  covered  with  boards  weighted  with  heavy 
stones ;  in  which  s^te  they  remain  for  two  days.  They  are  next  opened  with  a  round 
iron  upon  the  horse,  and  subjected  to  the  stretching  iron,  being  worked  broadwise.  The** 
are  dried  with  the  fleece  outermost,  in  the  sun  if  possible ;  and  are  finished  upon  lAe 
stretcher. 

Calf  and  lamb  skins  with  their  hair  and  wool  are  worked  nearly  in  the  same  manner ; 
only  the  thicker  the  skin,  the  stronger  the  alum  bath  ought  to  be.  One  pound  of  alum 
and  one  of  salt  are  required  for  a  single  calf  skin.  It  is  led  four  days  in  this  bath,  ader 
which  it  is  worked  upon  the  stretcher,  then  fulled ;  when  half  dry  the  skins  are  opened 
upon  the  horse.  In  eight  days  of  ordinary  weather,  they  may  be  completely  dressed. 
Lamb  skins  are  sometimes  steeped  during  eight  days  in  a  bath  prepared  with  unbolted 
rye  flour  and  cold  water,  in  which  they  are  daily  moved  about  two  or  three  times. 
They  are  then  dried,  stretched  upon  the  iron,  and  switched  upon  the  fleecy  side. 

Chamois  or  Shamoy  leather, — ^The  skins  arc  first  washed,  limed,  fleeced,  and  branned 
as  abtfve  described.  They  are  next  efflowered,  that  is,  deprived  of  their  epidermis  by  a 
concave  knife,  blunt  in  its  middle  part,  upon  the  convex  horse-beam.  The  cuttin'^  part 
serves  to  remove  aU  excrescences,  and  to  equalize  the  thickness,  while  the  blunt  part 
sodens  and  smooths.  The  skins  of  goats,  does,  and  chamois,  are  always  treated  in  this 
way.  They  are  next  subjected  to  the  fermenting  bran  steep  for  one  or  two  days,  in 
ordinary  weather ;  but  in  hot  weather  for  a  much  shorter  time,  sometimes  only  moving 
them  in  the  sour  bran  liquor  for  a  few  minutes.  They  are  lastly  wrung  at  the  peg,  and 
subjected  to  the  lulling  mill. 

When  the  skins  have  been  sufliciently  swelled  and  suppled  by  the  branning,  they  may 
receive  the  first  oil  as  follows  :  a  dozen  skins  being  stretched  upon  the  table,  the  fingers 
are  dipped  in  the  oil,  and  shaken  over  the  skins  in  different  places,  so  as  to  impart 
enough  of  it  to  imbue  the  whole  surface  slis?htly,  by  friction  with  the  palms  of  the 
hands.  It  is  to  the  outside  or  grain  that  the  oil  in  applied.  The  skins  are  folded  four 
together,  so  as  to  form  balls  of  the  size  of  a  hog's  bladder,  and  thrown  into  the  trough 
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of  the  fulling  mill,  to  the  number  of  twelve  dozen  at  once.  Here  they  remain  etpoaei 
to  the  beater  for  two,  three,  or  four  hours,  according  to  their  nature  and  the  state  of  the 
weather.  1  hey  are  taken  out,  aired,  oiled,  and  again  fulled.  The  airing  and  fnUiag 
are  repeated  several  times,  with  more  or  less  frequent  oilings.  Any  cheap  animal  oil  is 
employed. 

Af\er  these  operations,  the  skins  require  to  be  subjected  to  a  fermenting  process,  to  dilate 
their  pores,  and  to  facilitate  their  combination  with  the  oil.  This  is  perfoimed  in  a  cham- 
ber only  6  feet  high,  and  10  or  12  feet  square.  Poles  are  suspended  horizontally  a  few 
inches  from  the  ceiling,  with  hooks  filed  in  them  to  which  the  skins  are  attached.  A 
somewhat  elevated  temperature  is  maintained,  and  by  a  stove  if  need  be.  This  opera- 
tion requires  great  skill  and  experience. 

I'he  remainder  of  the  epidermis  is  next  removed  by  a  b]unt  concave  knife  and  the 
horse ;  whereby  the  surface  is  not  cut,  but  rather  forcibly  scraped. 

The  skins  are  now  scoured  to  carry  off  the  redundant  oil ;  which  is  effected  by  a  pot- 
ash ley,  at  two  degrees  Baum^,  heated  no  hotter  than  the  hand  can  bear.  In  this  Uiey  are 
stirred  briskly,  steeped  for  an  hour,  and  lastly  wrung  at  the  peg.  The  soapy  liquor  thot 
expelled  is  used  for  inferior  purposes.  The  clean  skins,  aAer  being  dried,  are  finished 
first  on  the  strttcher-iron,  and  then  on  the  herst  or  stretching  frame. 

Leather  of  Huvgary, — lliis  is  manufactured  by  impregnating  strong  hides  with  alvn, 
common  salt,  and  suet ;  by  a  rapid  process  which  is  usually  completed  in  the  space  of 
two  months.  The  workshop  is  divided  into  two  parts:  1.  A  shed  on  the  side  of  a 
stream,  furnished  with  wooden  horses,  fleshing  knives,  and  other  small  tools.  In  one 
comer  is  a  fnrnace  with  a  boiler  for  dissolving  the  alum,  a  vat  for  immersing  the  hides 
in  the  solution,  and  several  subsidiary  tubs.  2.  A  chamber,  6  feet  high,  by  15  feet 
square,  capable  of  being  made  very  tight,  for  preserving  the  heat.  In  one  comer  is  m 
copper  boiler,  of  sufficient  size  to  contain  170  pounds  of  tallow.  In  the  middle  of  the 
stove  is  a  square  stone  slab,  upon  which  an  iron  grate  is  placed  about  a  yard  square. 
This  is  covered  with  charcoal.  At  each  side  of  the  stove  arc  large  tables,  which  occupy 
its  whole  length,  and  on  which  the  leather  is  spread  to  receive  the  grease.  The  upper 
part  below  the  ceiling  is  filled  with  poles  for  hanging  the  leather  upon  to  be  heated. 
The  door  is  made  to  shut  perfectly  close. 

The  first  operations  are  analogous  to  those  of  tanning  and  tawing ;  the  skins  being 
washed,  cut  in  halves,  shaved,  and  steeped  for  24  hours  in  the  river.  They  are  then 
cleaned  with  5  or  6  pounds  of  alum,  and  3|  pounds  of  salt,  for  a  piece  of  hide  whidi 
weighs  from  70  to  80  pounds.  I'he  common  salt  softens  the  effect  of  the  alum,  attracts 
the  moisture  of  the  air,  and  preserves  the  suppleness  of  the  skin.  When  the  alum  and 
salt  are  dissolved,  hot  water  is  poured  upon  the  hides  placed  in  a  vat,  and  they  are  tramped 
upon  by  a  workman  walking  repeatedly  from  one  end  of  the  vat  to  the  other.  They  ue 
then  transferred  into  a  similar  vat  containing  some  hot  water,  and  similarly  tramped  upm. 
They  are  next  steeped  for  eight  days  in  alum  water.  The  same  round  of  operations  is 
repeated  a  second  time.  » 

The  skins  are  now  dried  either  in  the  air,  or  a  stove  room ;  but  before  being  quite  dry, 
they  are  doubled  together,  well  stretched  to  take  out  the  wrinkles,  and  piled  up.  When 
dry,  they  are  again  tramped  to  open  the  pores  as  well  as  to  render  the  skin  pliant,  after 
which  they  are  whitened  by  exposure  to  the  sun. 

Tallow  of  inferior  quality  is  employed  for  greasing  the  leather.  With  this  view  the 
hides  are  hung  upon  the  poles  in  the  close  stove  room,  then  laid  upon  the  table,  and  be- 
smeared with  the  tallow  melted  till  it  begins  to  crackle.  This  piece  is  laid  on  another 
table,  is  there  covered  with  a  second,  similarly  greased,  and  so  forth.  Three  pounds  of 
fat  are  commonly  employed  for  one  piece  of' leather. 

When  the  thirty  strips,  or  fifteen  hides  passed  through  the  grease  in  one  operation 
are  completed,  two  workmen  take  the  first  piece  in  their  hands,  and  stretch  it  over  the 
burning  charcoal  on  the  grate  for  a  minute,  with  the  flesh  side  to  the  fire.  The  rest 
are  passed  over  the  flame  in  like  manner.  After  Jlaming,  the  pieces  are  successively 
laid  on  an  inclined  table  exposed  to  the  fire,  where  they  are  covered  with  a  cloth.  They 
are  finally  hung  upon  poles  in  the  air  to  dry ;  wad  if  the  weather  be  warm,  they  are 
suspended  only  during  the  night,  so  as  to  favor  the  hardening  cf  the  grease.  Instead 
of  the  alum  bath,  M.  Curaudau  has  employed  with  advantage  a  steep  of  dilute  sulphuric 
acid. 

Morocco  leather. — The  true  morocco  leather  is  goat  skin  tanned  and  then  dyed  on  the 
side  of  the  grain.  Sheep  skins  are  treated  in  the  same  way.  '1  he  skins  are  steeped  first 
in  a  fermenting  mixture  of  bran  water  for  a  few  days,  they  arc  then  worked  upon  the 
horse,  steeped  in  fresh  water  for  12  hours,  and  rinsed  in  the  same.  They  are  next  drained, 
fteeped  in  weak  lime  pits  for  a  proper  time,  till  the  hairs  can  be  readily  detached.  They 
are  now  subjected  to  the  action  of  a  blunt  knife  upon  the  horse-beam,  in  order  to  strip 
off  their  hair,  after  which  they  are  cleansed  in  running  water.  Any  excrescences  must 
be  carefully  removed  with  the  fleshing  knifci  and  their  edges  neatly  pared.     The  next 
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process  is  rubbing  them  strongly  with  a  piece  of  hard  schist,  set  in  a  wooden  frame,  In 
order  lo  expel  bf  the  pressure  any  lime  which  may  still  adhere,  and  to  soAen  the 
grain.  They  are  now  worked  upon  the  horse-beam  wilh  the  blunt  knife,  and  sub- 
jected to  a  species  of  fulling,  by  being  agitated  by  pegs  in  a  revolving  cask  along  with 
water.  Many  manufacturers  prefer  a* weak  alkaline  ley,  or  putrefied  urine,  to  the  lime 
bath. 

The  skins  are  immersed  for  a  night  and  a  day,  in  a  bran  bath,  in  a  certain  state  of 
fermentation,  then  worked  on  the  horse,  and  salted,  to  preserve  them  till  they  are  to  be 
dyed. 

Preparatory  to  being  dyed,  each  skin  is  sewed  together  edgewise,  with  the  grain  on 
the  outside,  and  it  is  then  nwrdanted  either  with  a  solution  of  tin,  or  with  alum  water. 
The  color  is  given  by  cochineal,  of  which  from  10  to  12  ounces  are  required  for  a  dozen 
of  skin.  The  cochineal  being  boiled  in  water  along  with  a  little  tartar  or  alum  for  a  few 
minutes,  forms  a  red  liquor,  which  is  filtered  through  a  linen  cloth,  and  put  into  a 
clean  cask.  The  skins  are  immersed  in  this  bath,  and  agitated  in  it  for  about  half 
an  hoiu ;  they  are  taken  out  and  beaten,  and  then  subjected  to  a  second  immersion  in 
the  cochineal  bath.  After  being  thus  dyed,  they  are  rinsed  and  tanned  with  Sicilian 
sumach,  at  the  rate  of  two  pounds  for  a  skin  of  moderate  size.  This  process  is  per- 
formed in  a  large  tub  made  of  white  wood,  in  the  liquor  of  which  the  skins  are  floated 
like  so  many  bladders,  and  moved  about  by  manual  labor  during  four  hours.  They 
are  then  taken  out,  drained,  and  again  subjected  to  the  tanning  liquor ;  the  whole  pro- 
cess requiring  a  space  of  twenty-four  hours.  The  skins  are  now  unstitched,  rinsed, 
fulled  with  beetles,  drained,  nibbed  hard  with  a  copper  blade,  and  lastly  hung  up 
to  dry. 

Some  manufacturers  brighten  the  color  by  applying  to  the  surface  of  the  skins,  in  a 
damp  state,  a  solution  of  carmine  in  ammonia  with  a  sponge;  others  apply  a  decoction 
cf  safifron  to  enliven  the  scarlet  tint.  AX  Paris  the  morocco  leather  is  tanned  by  agitation 
with  a  decoction  of  sumach  in  large  ca^cs  made  to  revolve  upon  a  horizontal  axis,  like  a 
barrel  chum.  White  galls  are  sometimes  substituted  for  sumach  ;  a  pound  being  used 
for  a  skin.    The  skins  must  be  finally  cleaned  with  the  utmost  care. 

The  black  dye  is  given  by  applying  with  the  brush  a  solution  cf  red  acetate  cf  iron  to 
the  grain  side.  Blue  is  communicated  by  the  common  cold  indigo  vat ;  violets,  with  a 
light  blue  followed  by  cochineal  red ;  green,  by  Saxon  blue  followed  by  a  yellow  dye, 
usually  made  with  the  chopped  roots  of  the  barberry.  This  plant  serves  also  for  yellows. 
To  dye  dive,  the  skins  are  first  passed  through  a  weak  solution  of  green  vitriol,  and 
then  through  the  decoction  of  barberry  root,  containing  a  little  Saxon  blue.  Puce 
color  is  communicated  by  logwood  with  a  little  alum ;  which  may  be  modified  by  the 
addition  of  a  little  Brazil  wood.  In  all  these  cases,  whenever  the  skins  are  dyed,  thry 
should  be  nnsed,  wrung  or  rather  drained,  stretched  upon  a.  table,  then  besmeared 
on  the  grain  side  with  a  film  of  linseed  oil  applied  by  means  of  a  sponge,  in  order  to 
promote  their  glossiness  when  curried,  and  to  prevent  them  becoming  homy  by  too 
rapid  drying. 

The  last  process  in  preparing  morocco  leather  is  the  currying,  which  brings  out  the 
Instie,  and  restores  the  original  suppleness.  This  operation  is  practised  in  different 
manners,  according  to  the  purpose  the  skins  are  to  serve.  For  pocket-books,  portfolios, 
and  case  mnking  in  gene*til,  they  must  be  thinned  as  much  as  possible  upon  the  flesh 
side,  moistened  slightly,  then  stretched  upon  the  table,  to  smooth  them ;  dried  again, 
moistened,  and  lastly  passed  two  or  three  times  through  the  cylinder  press  in  different 
directions,  to  produce  the  crossing  of  the  grain.  The  skins  intended  for  the  shoemaker, 
the  saddler,  the  bookbinder,  &c.,  require  more  pliancy,  and  must  be  differently  curried. 
After  being  thinned,  they  are  glazed  with  a  polisher  while  still  moist,  and  a  grain  is  form- 
ed upon  the  flesh  side  with  the  roughened  lead  plate  or  grainer  of  the  curriers,  called  in 
French  pommelle  ;  they  are  glazed  anew  to  remove  the  roughness  produced  by  the  pom- 
mel, and  finally  grained  on  the  flesh  side  with  a  surface  of  cork  applied  under  a  pommel 
of  white  wood. 

Russia  leather, — ^The  Russians  haf«  long  been  possessed  of  a  method  of  making  a 
peculiar  leather,  called  by  them  jucien,  dyed  red  with  the  aromatic  saunders  wood.  This 
article  has  been  much  sought  after,  on  account  of  not  being  subject  to  mould  in  damp 
situations,  being  proof  against  insects,  and  even  repelling  them  from  the  vicinity  of  its 
odor.  The  skins  are  freed  from  the  hair  or  fleece,  by  steeping  in  an  ash-ley  too  weak  to 
act  upon  the  animal  fibres.  They  are  then  rinsed,  fulled  for  a  longer  or  shorter  time 
according  to  their  nature,  and  fermented  in  a  proper  steep,  after  having  been  washed  in 
hot  water.  They  are  taken  out  at  the  end  of  a  week,  but  they  may  be  steeped  a  second 
time  if  deemcl  necessary,  to  open  their  pores.  They  are  now  cleaned  by  working  them 
at  the  horse  on  both  the  flesh  and  grain  sides. 

A  paste  is  next  composed,  for  200  skins,  of  38  pounds  of  rye  flour,  which  is  set  to 
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ferment  with  leaven.  This  dough  is  worked  up  with  a  sufficient  quantity  of  water  to 
fprm  a  bath  for  the  skins,  in  which  they  are  soaked  for  48  hours ;  they  are  then  trans- 
ferred into  small  tubs,  where  they  remain  during  fiAeen  days,  aAer  which  they  are  washed 
at  the  river.  These  operations  serve  to  prepare  the  skins  for  absorbing  the  astringent 
juices  with  uniformity.  A  decoction  of  willow  bark  (^»alix  cinerea  and  talix  capita)  be- 
ing made,  the  skins  are  immersed  in  the  boiler  whenever  the  temperature  of  the  liquor  is 
sutficieatiy  lowered  not  to  injure  the  animal  fibres,  and  handled  and  pressed  lor  hidf  an 
hour.  This  manipulation  is  repeated  twice  daily  during  the  period  of  a  week.  The 
tanning  infusion  is  then  renewed,  and  applied  to  the  same  skins  for  another  week ;  after 
which,  being  exposed  to  the  air  to  dr)',  they  are  ready  fur  being  dyed,  and  then  curried 
with  the  empyreumatic  oil  of  the  bark  of  the  birch  tree.  To  this  substance  the  Russia 
leather  owes  its  peculiarities.  Many  modes  have  been  prescribed  for  preparing  it ;  but 
the  following  is  the  one  practised  in  Russia. 

The  whitish  membranous  epulermis  of  the  birch,  stripped  of  all  woody  parts,  is  intro- 
duced into  an  iron  boiler,  which,  when  stuffed  full,  is  covered  tight  with  a  vaulted  iron  lid, 
having  a  pipe  rising  from  its  centre.  A  second  boiler  into  which  this  pipe  passes  without 
reaching  its  bottom,  is  set  over  the  first,  and  is  luted  to  it  at  the  edges,  aAer  the  two  are 
bolted  together.  They  are  then  inverted,  so  that  the  upper  one  contains  the  birch  baik* 
The  under  half  of  this  apparatus  i&  sunk  in  the  earth,  the  surface  of  the  upper  boiler  is 
coated  over  with  a  clay  lute,  then  surrounded  with  a  fire  of  wood,  and  exposed  to  a  red 
heat,  Ull  the  distillation  be  completed.  This  operation,  though  rude  in  appearance,  and 
wasteful  of  wood,  answers  its  purpose  perfectly  well.  The  iron  cylinder  apparatus  used 
in  Britain  for  distilling  wood  vinegar,  would,  however,  be  much  more  convenient  and  pro- 
ductive. When  the  above  boilers  are  unluted,  there  is  found  in  the  upper  one  a  very  light 
powder  of  charcoal,  and  in  the  under  one  which  served  as  a  receiver,  there  is  an  oily, 
brown,  empyreumatic  fluid^of  a  very  strong  smell,  which  is  mixed  with  the  tar,  and  which 
floats  over  a  small  quantity  of  crude  vinegar.  The  former  matter  is  the  oil  employed  to 
impregnate  the  skins,  by  working  it  into  the  flesh  side  with  the  currier's  tools.  It  is  diffi- 
cult to  make  this  oil  penetrate  with  uniformity  ;  and  the  Russians  do  not  always  succeed 
in  this  process,  for  they  turn  out  many  skins  in  a  spotted  state  This  oil  is  al  preseol 
obtained  in  France  by  distilling  the  birch  bark  in  copper  stills,  and  condensing  the  pro- 
ducts by  means  of  a  pipe  plunged  in  cold  water.  About  (iO  per  cent,  of  the  weight  of 
the  bark  is  extracted. 

The  skins  imbibe  this  oil  most  equally  before  they  are  fully  dry.  Care  must  be  takes 
not  to  apply  too  much  of  it,  for  fear  of  its  passing  through  and  staining  the  grain  side  of 
the  leather.  Chevreul  has  investigated  the  chemical  nature  of  this  odoriferous  substance, 
and  finding  it  to  be  a  peculiar  compound,  has  called  it  betuline, 

LEDUM  PALUSTRE.  This  plant  is  employed  in  Russia  to  tan  the  skins  of  goatA, 
calves,  and  sheep,  into  a  reddish  leather  of  an  agreeable  smell ;  as  also  in  the  preparation 
of  the  oil  of  birch,  for  making  what  is  commonly  called  Russia  leather. 

LEGUMINE  is  the  name  of  a  vegeto-alkali  supposed  to  exist  in  leguminous 
plants. 

LEMONS.     See  Ciraic  Acid,  and  Oils,  Essential. 

LEVIGATION  is  the  mechanical  process  whereby  hard  substances  are  reduced  to  a 
very  fine  powder, 

LEUCITE  is  a  hard  Yesuvian  mineral,  consisting  of  silica,  54 ;  alumina,  23;  pot- 
ash, 23. 

LEUCINE  is  a  white  crystalline  substance  produced  by  acting  upon  flesh  with  sulpha- 
ric  acid.  • 

LEWLS  is  the  name  of  one  kind  of  shears  used  in  cropping  woollen  cloth. 

LIAS  is  a  fine-grained  argillaceous  limestone,  whose  geological  position  is  under  the 
oolite ;  it  is  the  proper  lithographic  stone. 

LIB  AVIUS,  LiquoR  OF,  is  the  bichloride  of  tin,  piepared  by  dissolving  that  metal,  with 
the  aid  of  heat,  in  aqua  regia,  or  by  passing  chlorine  gas  through  a  solution  of  muriate 
of  tin  till  no  more  gas  be  absorbed,  evaporating  the  solution,  and  setting  it  aside  to  crys- 
tallize. The  anhydrous  bichloride  is  best  prepared  by  mixing  four  parts  of  corrosive  sub- 
limate with  one  part  of  tin,  previously  amalgamated  with  just  so  much  mercury  as  to 
render  it  pulverizable ;  and  by  distilling  this  mixtuK  with  a  gentle  heat.  A  colorless 
fluid,  the  dry  bichloride  of  tin,  or  the  proper  fuming  liquor  of  Libavius,  comes  over. 
When  it  is  mixed  with  one  third  of  its  weight  d$  water  it  becomes  solid.  The  first 
bichloride  of  tin  is  used  in  calico-printing. 

LICHEN.    See  Archil. 

LIGNEOUS  MATTER  is  vegetable  fibre.    See  Fibrous  Matter. 

LIGNITE  is  one  of  the  most  recent  geological  formations,  being  the  carbonaceous 
remains  of  forest  trees.  From  this  substance,  as  found  in  the  neighborhood  of  Cologne, 
the  brown  colors,  called  urnber  and  earth  of  ColognCf  are  prepared. 

LILACH  dye.    See  Cauco-printinq  and  Dyeing. 
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LIMESTONE  {Calcairt,  Fr. ;  Kalskitein,Qerm,),  may  be  classed  under  the  following 
heads: — 

1.  Calcareous  spar  occurs  in  colorless  crystals  or  crystalline  masses ;  dissolves  with 
effervescence  in  muriatic  acid ;  is  scratched  by  soft  iron,  but  not  by  the  nail ;  specific 
gravity  2*7 ;  loses  46  per  cent,  by  the  expulsion  of  carbonic  acid,  and  calcines  into  quick- 
lime. 

2.  CalcsinieTy  or  stalactitic  carbonate  o/limey  called  also  concretionary  limestone,  because 
formed  of  zones  more  or  less  undulated,  and  nearly  parallel.  These  zones  have  a  fibroas 
structure,  arisins[  from  the  successive  deposites  of  the  crystalline  limestone  from  its  sol- 
vent water.  The  long  conical  pieces  called  stalactites,  show  fibres  converging  to  the 
axis.  The  tubercular  consists  of  irregular  lumps  oAen  sprinkled  over  with  small  crystals, 
and  associated  so  as  to  exhibit  the  appearance  of  cauliflower.  The  stratiform,  commonly 
called  stalagmite,  or  alabaster  limestone,  represents  zones  not  concentric,  but  spread  out, 
waving,  and  parallel ;  its  texture  is  sometimes  lamellar,  and  sometimes  fibrous.  These 
waving  strata  are  distinguishable  from  one  another  by  their  dififerent  densities,  and  by 
their  degrees  of  translucency.  This  stalagmitic  mass  bears  the  name  of  oriental  alabaster, 
when  it  is  reddish-yellow  with  distinct  zones,  and  is  susceptible  of  a  fine  polish.  Stalac- 
tites are  formed  in  the  large  excavations  of  calcareous  rocks.  The  water  percolating 
down  through  them,  and  dropping  from  the  roofs  of  the  caverns,  is  usually  charged  with 
carbonate  of  lime  held  in  suspension  by  an  excess  of  carbonic  acid.  The  exposure  to  air, 
the  motion,  and  the  consequent  diminution  of  pressure,  cause  the  precipitation  of  the  car- 
bonate of  lime  in  the  solid  state.  Each  drop  of  water,  on  falling  through  the  vault,  aban- 
dons a  small  film  of  limestone,  which  enlarges  by  degrees,  and  forms  either  a  cylinder  or 
solid  mass.  This  alabaster  differs  from  marble  in  its  parallel  and  waving  layers,  and  its 
faint  degree  of  transparency. 

This  alabaster  serves  for  the  decoration  of  public  buildings,  and  is  occasionally  intro- 
duced into  certain  pieces  of  furniture.  The  fine  Egyptian  alabaster  was  anciently 
brought  from  the  mountains  of  the  Thebaid,  between  the  Nile  and  the  Red  Sea,  near 
a  town  called  Alabastron,  whence  probably  the  name.  Very  fine  red  alabaster,  of  great 
hardness,  was  found  at  one  time  in  the  quarries  of  Montmartre,  but  the  stock  was  soon 
exhausted. 

The  incrusting  concretionary  limestone  difiers  little  from  the  preceding  except  in 
the  rapidity  of  its  formation,  and  in  being  moulded  upon  son^e  body  whose  shape  it 
assumes.  These  deposites  from  calcareous  springs,  form  equally  on  vegetable  bodies,  on 
stones,  metals,  within  pipes  of  cast  iron,  wood,  or  lead.  The  incrustations  on  vegetable 
and  animal  substances  are  vulgarly  called  petrifactions,  as  the  organic  fibres  are  replaced 
by  stone.  One  of  the  most  curious  springs  of  this  nature  is  at  the  baths  of  Saint  Philip, 
in  Tuscany,  where  the  water  flows  in  almost  a  boiling  state,  over  an  enormous  mass  of 
alabaster  which  it  has  produced.  The  carbonate  of  lime  seems  to  be  held  in  solution 
here  by  sulphnreted  hydrogen,  which  flies  off  when  the  water  issues  to  the  day.  Dr. 
y^gny  has  taken  ad\'antage  of  this  property  of  the  spring,  to  obtain  basso-relievo  figures 
of  ?reat  whiteness  and  solidity.    He  makes  use  of  sulphur  moulds. 

Calcareous  tuf  consists  of  similar  incrustations  made  by  petrifying  rivulets  running 
over  mud,  sand,  vegetable  remains,  &c.  It  is  porous,  even  cellular,  somewhat  soft, 
impure,  and  of  a  dirty  gray  color.  Its  surface  is  wavy,  rough,  and  irregular.  These 
incrustations  or  deposites  are,  however,  sometimes  so  abundant,  and  the  resulting  stony 
matters  so  hard  that  buildings  may  be  constructed  with  them.  The  stone  with  which  the 
town  of  Pa^ti,  in  Italy,  is  built  has  been  called  pipe-stone  by  the  Italians ;  and  it  has  ap-  . 
parently  derived  its  origin  from  incrustations  upon  large  reeds. 

The  travertino,  which  served  to  construct  all  the  monuments  of  Rome,  appears  to 
have  been  formed  by  the  deposites  of  the  Anio  and  the  solfatara  of  Tivoli.  The  temples 
of  Psestum,  which  are  of  extreme  antiquity,  have  been  built  with  a  travertino  formed 
by  the  sediment  of  the  waters  which  still  flow  in  this  territory.  All  these  stones  acquire 
great  hardness  in  the  air,  and  M .  de  Breislak  thinks  that  it  is  to  the  happy  union  of 
travertino  and  pouzzolana  in  the  same  spot,  that  the  monuments  of  Rome  owe  their  great 
solidity. 

Spongy  limestone,  usually  called  Jgaric  mineral,  stone  marrow,  &.c.,  belongs  to  this 
kind  of  formation.  It  has  a  very  white  color,  a  very  fine  grain,  is  soA  to  the  touch,  very 
tender,  and  light  enough  to  float  for  an  instant  on  water.  It  occurs  in  rather  thin  layers, 
in  the  crevices  of  calcareous  rocks,  aiH  is  so  common  in  Switzerland  as  to  be  employed 
for  whitening  houses. 

3.  Compact  limestone,  is  of  a  grain  more  or  less  fine,  does  not  polish,  nor  aflbrd  large 
blocks  free  from  fissures,  has  a  conchoidal,  or  uneven  scaly  fracture.  Colors  very 
various.  Its  varieties  are ;  a.  The  sub4amellar,  compact,  with  some  appearance  of  a 
foliated  texture,  b.  Compact  fine-grained  limestone,  the  zcchstein  of  the  Germans,  to 
which  M.  Brongniart  refers  the  lithographic  stone  in  his  classification  of  rocks  {Dictum- 
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iifftre  da  Scienca  Naiwrette$\  but  the  English  geologists  place  the  locality  of  the  fanoitt 
lithographic  quarry  of  Solenhofen  much  higher  in  Uie  plane  of  secondary  superpositioa. 
Its  fracture  is  conchoidal ;  color  from  gray  to  whitish ;  c,  Compact  comnum  hmestom. 
Grain  of  middle  size;  earthy  aspect;  uneven  fracture;  perfectly  opaque;  ookv, 
whitish  to  pale  gray,  yellow,  or  reddi^.  The  limestones  of  the  Jura  formation  are 
referred  to  this  h^,  as  well  as  most  of  those  interspersed  among  the  coal  strata,  dy  The 
coarse  compact,  or  Cornbrash ;  texture  somewhat  open,  earthy  aspect,  rough  to  the  touchy 
ragged  fracture,  color  yellow,  gray,  or  dirty  red.  e.  Compact  ceUtUar,  the  Raucheitaft 
and  Holekalk  of  the  Germans,  on  account  of  the  numerous  holes  or  caTems  distrihuted 
through  it. 

4.  Oolite  or  roe-stone, — It  consists  of  spherical  grains  of  various  size,  from  a  millet 
seed,  to  a  pea,  or  even  an  egg ;  texture  compact ;  fracture  even ;  colors,  whitish,  yellow, 
gray,  reddish,  brownish.  The  larger  balls  have  almost  always  a  foreign  body  for  thdr 
centre  or  nucleus. 

5.  Chalk ;  texture  earthy ;  grains  fine,  tender,  friable ;  colors  white,  grayish,  or  pale 
yellowish. 

6.  Coarse-grained  lim€stone;  an  earthy  texture,  in  large  particles,  often  loose;  frac- 
ture foliated,  uneven ;  color  pale  and  dirty  yellow.  Coarse  lias  has  been  i^ieferred  to  this 
head. 

7.  Marly  limestone ;  lake  and  fresh  water  limestone  formation ;  texture  fine-grained, 
more  or  less  dense ;  apt  to  cnimble  down  in  the  air ;  color  white  or  pale  yellow ;  fracture 
rough-grained,  sometimes  conchoidal ;  somewhat  tenacious.  1  exture  occasionally  cavern- 
ous ;  with  cylindrical  winding  cavities.  This  true  limestone  must  not  be  confounded  with 
the  lime-marl,  composed  of  calcareous  matter  and  clay. 

8.  Silicions  limestone}  of  a  compact  texture;  scratching  steel,  and  scratched  by  it ; 
leaves  a  silicious  residuum  after  the  action  of  muriatic  acid. 

9.  CaJpi  texture  compact;  fine-grained;  schistose  structure;  hard,  as  the  pre- 
ceding ;  not  burning  into  quicklime,  aJSTording  to  dilute  muriatic  acid  a  copious  residnum 
of  clay  and  silica;  color  blackish;  found  in  beds  in  the  transition  district  near 
Dublin. 

10.  LuruUite  or  stinkstone;  texture  compact  or  sub-lamellar,  color  grayish;  emits  the 
tmell  of  sulphureted  hydrogen  by  friction  or  a  blow.  It  occurs  at  Assynt,  in  Sutherland- 
ahire ;  in  Derbyshire ;  counties  of  Kilkenny,  Cork,  and  Galway. 

11.  Bituminous  limestone;  black  or  blackish  color;  diifusing  by  the  action  of  fire  a 
bituminous  odor,  and  becoming  white. 

Of  all  common  limestones  the  purity  may  most  readily  be  determined  by  the  quantity 
of  carbonic  acid  which  is  evolved  during  their  solution  in  dilute  nitric  or  muriatic  acid. 
Perfect  carbonate  of  lime  loses  in  this  way  46  per  cent, ;  and  if  any  particular  limestone 
loses  only  23  per  cent.,  we  may  infer  that  it  contains  only  one  half  its  weight  of  calcareous 
carbonate.  This  method  is  equally  applicable  to  marls,  which  are  mixtures  in  various 
proportions  of  carbonate  of  lime,  clay,  and  sand,  and  may  all  be  recognised  by  their  efier- 
vescing  with  acids. 

The  chief  use  of  calcareous  stones  is  for  procuring  quicklime  by  calcination  in  propei 
fbmaces ;  and  they  are  all  adapted  to  this  purpose  provided  they  are  not  mixed  with  too 
large  a  proportion  of  sand  and  ferruginous  clay,  whereby  they  acquire  a  vitreseent 
texture  in  a  high  heat,  and  will  not  bum  into  lime.  Limestone  used  to  be  calcined  in 
a  very  rude  kiln,  formed  by  enclosing  a  circular  space  of  10  or  15  feet  diameter,  by  mde 
stone  walls  4  or  5  feet  high,  and  filling  the  cylindrical  cavity  with  alternate  layers  of 
turf  or  coal  and  limestone  broken  into  moderate  pieces.  A  bed  of  brushwood  was 
usually  placed  at  the  bottom,  to  facilitate  the  kindling  of  the  kiln.  Whenever  the  com- 
bustion was  fairly  commenced,  the  top,  piled  into  a  conical  form,  was  covered  in  with 
sods,  to  render  the  calcination  slow  and  regular.  This  method  being  found  relativdy 
inconvenient  and  ineffectual,  was  succeeded  by  a  permanent  kiln  built  of  stones  or  bride- 
work,  in  the  shape  of  a  truncated  cone  with  the  narrow  end  undermost,  and  closed  at 
bottom  by  an  iron  grate.  Into  this  kiln,  the  fuel  and  limestone  were  introduced  at  the 
top  in  alternate  layers,  beginning  of  course  with  the  former ;  and  the  charge  was  either 
allowed  to  burn  out,  when  the  lime  vras  altogether  removed  at  a  door  near  the  bottom,  or 
the  kiln  was  successively  fed  with  fresh  materials,  in  alternate  beds,  as  the  former  supply 
sunk  down  by  the  calcination,  while  the  thoroughly  burnt  lime  at  the  bottom  was  succes- 
sively raked  out  by  a  side  door  immediately  above  the  grate.  The  interior  of  the  lime  kite 
has  been  changed  of  late  years  from  the  conical  to  the  elliptical  form  \  and  probably  the 
best  is  that  of  an  egg  placed  with  its  narrow  aBd.ondermost,  and  truncated  both  above 
and  below  ;  the  ground  plot  or  bottom  of  the  kiln  being  compressed  so  as  to  give  an 
elliptical  section,  with  an  eye  or  draft-hole  towards  each  end  of  that  ellipse.  A  Idbi 
thus  arched  in  above  gives  a  reverberatory  heat  to  the  upper  materials,  and  also  favort 
their  failing  freely  down  in  proportion  as  the  finished  lime  is  raked  out  below ;  adTaii- 
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tm^m  nbieh  the  cooical  (arm  duct  not  afibrd.  The  tize  ti(  Ihe  dran-notet  Ibr  extneting 
the  quicklime,  should  be  proportionate  to  the  size  of  Ibe  kiln,  in  order  to  idmil  ■  mffl- 
cienl  current  of  air  to  ucend  with  the  Bmoke  and  Hamc,  vhieh  in  round  to  facilitate 
the  ejitrication  of  the  carbonic  acid.  The  kilni  are  tailed  jirrpitaal,  bmuse  Ibe  operatioa 
it  carried  on  continaouBly  as  Ion;;  as  the  bnilding  lasts;  and  [Jrau>-Jb7iM,  froin  the  mode  of 
diacharKing  them  hj  raking  out  ihe  lime  into  eul«  placed  against  the  dran-holea.  Three 
bushels  cf  calcined  limeBtone,  or  lime-shells,  arc  produced  on  an  averse  for  erery  buahel 
of  coals  connunMi.  Such  kilns  shonld  be  bailt  up  against  the  face  of  a  cliff,  so  (hat  CMf 
access  may  be  gained  to  the  BMnith  for  chaijiing,  bj  making  a  sloping  catt  road  to  the  U^ 
of  iheUnk. 


Fig:  638, 639,  (40,  641,  repicseDt  the  lime-kUn  of  RiidersdarT  near  Berlin,  apon  the 
ContintiODi  plan,  eicellently  constructed  for  economizing  fuel.  It  is  triple,  and  yields  a 
threefoU  product.  Fig.  S40,  is  a  view  of  it  as  seen  from  nboTe;  yig.  64],  the  eleratioa 
and  general  appearnnce  of  one  side  ;  fig.  638,  a  vertical  section,  and  Jig,  639,  (he  ground 
plan  in  the  line  a  ■  c  d  ofjlg.  638.  Theinnershall/g.  638,has  theform  of  two  truncated 
eoaea,  with  their  larger  circular  ends  applied  to  each  other ;  it  has  the  gieatesl  width  at 
Ihe  leiet  of  the  fire-door  b,  where  it  is  8  feet  in  diameter ;  it  is  narrawei  below  at  (he 
discharge  door,  and  at  (he  top  orifice,  where  it  is  about  6  feet  in  diameter.  Ihe  interior 
wall  d,  of  Ihe  upper  shaft  is  bnilt  with  hewn  stones,  to  Ihe  height  of  38  feet,  and  below 
that  for  26  feet,  with  fire-hricks  d' iJ',  laid  stepwise.  Thisinner  wallissurrounded  with  a 
Bantle<.  of  limestones,  but  between  the  two  there  is  a  small  Tacaul  space  of  a  few  inches 
filled  with  ashes,  in  order  to  allow  of  the  expansion  of  the  Interior  with  heat  taking  place 
without  shallering  the  dibss  of  the  buUding. 

The  Bie-^iG  b,  consitu  of  fire-tiles,  which  at  the  middle,  where  the  single  piecea 
press  tovelber,  lie  upon  an  arched  support /l  The  firc.door  is  also  arched,  and  is  secured 
iy  flre-liles.  g  is  the  iron  door  in  front  of  that  orifice.  The  tiles  which  form  (he  grata 
tave  3  or  4  slits  of  an  inch  wide  for  adnilting  the  air,  which  enters  through  Ihe  canal  k. 
Tbe  under  pan  of  the  shafl  from  Ihe  firo  to  the  hearth,  is  T  feft,  and  the  outer  enclosing 
wan  is  conslmeted  of  limestone,  [he  lining  being  of  fire-bricks.  Here  ore  the  ash-pit  >, 
Ibe  (tii^ui^e  outlet  a,  and  the  canal  k,  in  front  of  the  outlet.  Each  ash.pit  is  shot  wilb 
an  iran  door,  which  ii  opened  ool;  when  the  space  i  becomes  filled  with  aihei,    TheM 
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indeed  are  allowed  to  reznain  till  they  ^t  cool  enough  to  be  removed  without  iiiooD-> 
Tenience. 

The  discharge  outlets  are  also  furnished  with  iron  doors,  which  are  opened  only  ftr 
taking  out  the  lime,  and  are  carefully  luted  with  loam  during  the  burning.  The  outer 
walls  /  m  n  of  the  kiln,  are  not  essentially  necessary,  but  convenient,  because  they  afibid 
room  for  the  lime  to  lie  in  the  lower  floor,  and  the  fuel  in  the  second.  The  scverml  storiei 
are  formed  of  groined  arches  o,  and  platforms  p,  covered  over  with  limestone  slabs.  Ii 
the  third  and  fourth  stories  the  workmen  lodge  at  night.  See^ig.  641.  Some  enter  their 
apartments  by  the  upper  door  q ;  others  by  the  lower  door  «.  r  is  one  of  the  chimneys  ftr 
the  several  fire-places  of  the  workmen,     tu  v  are  stairs. 

As  the  limestone  is  introduced  at  top,  the  mouth  of  the  kiln  is  surrounded  with  a 
strong  iron  balustrade  to  prevent  the  danger  of  the  people  tumbling  in.  The  platform  ii 
laid  with  rails  w,  for  the  wagons  of  limestone,  drawn  by  horses,  to  run  upon,  x  ii 
another  rail-way/  leading  to  another  kUn.  Such  kilns  are  named  aAer  the  number  of  their 
fire-doors,  single,  twofold,  threefold,  fourfold,  &c. ;  from  three  to  five  being  the  most  usual. 
The  outer  form  of  the  kiln  also  is  determined  by  the  number  of  the  furnaces ;  being  a 
truncated  pyramid  of  equal  sides ;  and  in  the  middle  of  each  alternate  side  there  is  a  fire- 
place, and  a  discharge  outlet.  A  cubic  foot  of  limestone  requires  for  burning,  one  and  five 
twelAhs  of  a  cubic  foot  of  wood,  and  one  and  a  half  of  turf. 

When  the  kiln  is  to  be  set  in  action,  it  is  filled  with  rough  limestones,  to  the  height 
c  D,  or  to^he  level  of  the  firing ;  a  wood  fire  is  kindled  in  a,  and  kept  up  till  the  lime  is 
calcined.  Upon  this  mass  of  quicklime,  a  fresh  quantity  of  limestones  is  introduced,  not 
thrown  in  at  the  mouth,  but  let  down  in  buckets,  till  the  kiln  be  quite  full ;  while  over 
the  top  a  cone  of  limestones  is  piled  up,  about  4  feet  high.  A  turf-fire  is  now  kindled 
in  the  furnaces  h.  Whenever  the  upper  stones  are  well  calcined,  the  lime  under  the 
fire-level  is  taken  out,  the  superior  column  falls  in,  a  new  cone  is  piled  up,  and  the 
process  goes  on  thus  without  interruption,  and  without  the  necessity  of  once  putting  a  fire 
into  a ;  for  in  the  space  c  b,  the  lime  must  be  always  well  calcined.  The  discharge  of 
lime  takes  place  every  12  hours,  and  it  amounts  at  each  time  in  a  threefold  kiln,  to  from 
20  to  24  Prussian  tonnes  of  6  imperial  bushels  each ;  or  to  130  bushels  imperial  upon 
the  average.  It  is  found  by  experience,  that  fresh-broken  limestone  which  contains  a 
little  moisture,  calcines  more  readily  than  what  has  been  dried  by  exposure  for  some 
time  to  the  air ;  in  consequence  of  the  vapor  of  water  promoting  the  escape  of  the 
carbonic  acid  gas;  a  fact  well  exemplified  in  distilling  essential  oils,  as  oil  of  tur- 
pentine and  naptha,  which  come  over  with  the  steam  of  water,  at  upwards  of  100  degrees 
F.  below  their  natural  term  of  ebullition.  Six  bushels  of  Rudersdorf  quicklime  weigh 
from  280  to  306  pounds. 

When  coals  are  used  for  fuel  in  a  well-constructed  perpetual,  or  draw  kiln,  about  ] 
measure  of  them  should  suffice  for  4  or  5  of  limestone. 

The  most  extensive  employment  of  quicklime  is  in  agriculture,  on  which  subject  in- 
structive details  are  given  in  Loudon's  Encyclopedias  of  Agriculture  and  Gardening. 

Quicklime  is  employed  in  a  multitude  of  preparations  subservient  to  the  arts ;  for 
clarifying  the  juice  of  the  sugar-cane  and  the  beet-root ;  for  purifying  coal  gas ;  for 
rendering  the  potash  and  soda  of  commerce  caustic  in  the  soap  manufacture,  and  in  the 
bleaching  of  linen  and  cotton ;  for  purifying  animal  matters  before  dissolving  out  their 
gelatine ;  for  clearing  hides  of  their  hair  in  tanneries ;  for  extracting  the  pure  volatile 
alkali  from  muriate  or  sulphate  of  ammonia  ;  for  rendering  confined  portions  of  air  very 
dry ;  for  stopping  the  leakage  of  stone  reservoirs,  when  mixed  with  clay  and  thrown  into 
the  water ;  for  making  a  powerful  lute  with  white  of  &^g  or  serum  of  blood ;  for  pre- 
paring a  depilatory  pommade  with  sulphuret  of  arsenic,  &.c.  Lime  water  is  used  in 
medicine,  and  quicklime  is  of  general  use  in  chemical  researches.  Next  to  agriculture 
the  most  extensive  application  of  quicklime  is  to  Mortar-Cements,  which  see. 

LINEN.    See  Flax,  and  Textile  Fabrics. 

LINSEED  {Graine  de  lin,  Fr.;  Leinsame,  Germ,)  contains,  in  its  dry  state,  11*265 
of  oil;  0*146  of  wax;  2*488  of  a  soft  resin;  0*550  of  a  coloring  resinous  matter; 
0*926  of  a  yellowish  substance  analogous  to  tannin;  6- 154  of  gum;  15*12  of  vegetable 
mucilage ;  1*48  of  starch  ;  2*932  of  gluten ;  2*782  of  albumine ;  10*884  of  saccharine 
extractive  ;  44*382  of  envelopes,  including  some  vegetable  mucilage.  It  contains  also 
free  acetic  acid ;  some  acetate,  sulphate,  and  muriate  of  patash,  phosphate  and  sulphate  of 
lime ;  phosphate  of  magnesia  ;  and  silica.    See  Oils,  Unctuous. 

LIQUATION  (Eng.  and  Fr. ;  Saigerung,  Qerm.)  is  the  process  of  sweating  out, 
by  a  regulated  heat,  from  an  alloy,  an  easily  fusible  metal  from  the  interstices  of  a  metal 
difficult  of  fusion.  Lead  and  antimony  are  the  metals  most  commonly  subjected  to  liqua* 
tion  ;  the  former  for  the  purpose  of  carrj'ing  off*  by  a  superior  affinity  the  silver  present  in 
any  complex  alloy,  a  subject  discussed  under  Silver;  the  latter  wUl  be  considered  her^ 
as  referred  to  from  the  article  Amtimont. 
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the  celebrated  antimoninl  Ijqnation  fumtces  of  Mslbosc, 
in  the  deparlnient  of  Ardeche,  in  France,  Fig. 
642  ij  B  ground  plan  lakeu  at  the  Irvel  of  the 
draaghE  holes  g  g,  fig.  643,  and  of  Ibe  dotted  line 
—   fig.  643  is  a  veilicai  section  ihrongh  the 
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dotted  line  A  B,  of  fig.  642 ;  and  fig.  644  u  ■ 
Tertical  seetion  throogb  the  dolled  line  t  d  of 
fig  642  la  Ihe  tluree  %ure»,  the  same  letters 
denote  like  objeets.  a  i  c  are  three  grales  upon 
the  same  level  above  the  floor  of  Ibe  works,  4i 
feet  Ion;,  bf  I0|  inches  broad ;  between  which 
are  two  rectangular  galleries,  d  e,  which  pasa 
IransTersetr  (brungh  the  whole  furnace,  and  Ue 
at  H  level  of  12  inches  above  the  ground.  They 
are  aepaiateJ  by  Iwo  walla  from  the  three  fire-places.  The  walls  have  three  open- 
ingf,/ g  h,  alternately  placed  for  the  flames  to  play  ihrongh.  The  ends  of  these  galleries 
are  shut  in  with  iron  doun  1 1,  Fontaining  peep  holes.  In  each  gallery  are  two  conical 
easi-iroD  emcibles  fe  k,  into  which  the  diquaiing  EUlpbnrel  of  antimony  drops.  Their 
height  is  from  12  to  14  inches,  Ihe  width  of  the  mouth  is  10  inches,  that  of  (he  bullom  a 
6,  uid  the  Ihicknees  four  tenths  of  an  inch.  They  are  coaled  over  with  fire-clay,  to  pre- 
venl  the  sulpburet  from  acting  upon  them  ;  and  they  Eland  upon  cast-iron  pedestals  with 
projeeting  ears,  to  facilitate  their  removal  frou  Ihe  gallery  or  plalfomi.  Bolh  of  these  ' 
galleries  are  lined  wilb  tilts  of  fire-clay  1 1,  which  also  serve  as  supports  to  the  vertical 
liquation  inbes  in  m,  made  of  the  same  clay.  The  tiles  are  somewhat  curved  lowanls  the 
middle,  for  the  poipoae  of  receiving  the  lower  ends  of  these  lubes,  and  have  a  small  hole 
at  m,  through  which  the  liquid  sulphurel  flows  down  into  the  crucible. 

The  liquation  lubes  are  conical,  the  inlemal  diameter  at  top  beini;  10  inches,  at 
bottom  S  ;  the  length  fully  40  inches,  and  the  thickness  six  tenths  of  an  inch.  They  have 
■t  their  lower  ends  notches  or  slils  d,  fig.  644,  from  3  to  S  inches  long,  which  look  out- 
wanU,  to  make  them  scceasihle  from  the  front  and  back  part  of  the  furnaces  through 
mall  conical  openings  p  p,  in  the  walls.  These  ore  closed  during  Ihe  opcialion  with 
da;  stoppen,  and  are  opened  only  when  the  gangue,  rubbish,  and  cinders  ore  lo  be  raked 
out.  The  liquation  tubes  pass  across  the  aicb  of  Ibe  furnace  {  ;,  the  space  of  the  arch 
being  wider  than  the  lubes  ;  they  are  ebul  in  at  lop  with  fire-covers  r  r.  >  i,  the  middle 
put  of  the  arch,  immediately  under  the  middle  grate,  is  barrel-shaped,  so  that  both 
arches  are  abutled  together.  The  flames,  after  playing  round  about  the  sides  of  the 
UqoUion  lubes,  pass  off  through  three  0|>enings  and  flues  into  Ihe  chimney  I,  about  13 
feet  high)  «  being  Ihe  one  opening,  aod  v  Uie  two  others,  which  are  provided  with 
legtater  plates.  In  front  of  the  furnace  is  a  smoke  flue  ir,  %  carry  off  the  sulphureous 
Tipors  eiboled  during  the  clearing  otf  of  the  nibbish  and  slag ;  another,  t,  begins 
o*eryy,  at  the  lop  of  the  lubes ;  a  wall  :,  sepn rates  the  smoke  flue  into  hnlves,  so 
that  the  workmen  upon  the  one  side  may  not  be  incommoded  by  the  fiimes  of  ihe  other. 
This  wall  connects  at  the  same  lime  the  front  flue  u  with  Ihe  chimney  t.  a'  a'  and 
f  ft'  are  iron  and  wooden  bearer  beams  and  rods  for  strengthening  Ihe  smoke-flue,  e"  c" 
are  arches  apon  bolh  sides  of  the  furnace,  which  become  narrower  from  withonl  inwaldt, 
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ftnd  are  closed  with  weD-fitted  plfttes  6!  d\  Thej  serve,  m  pftrticiilar  cireiiiiitUuieet,  to 
allow  the  interior  to  be  inspected,  and  to  see  if  either  of  the  liquation  furnaces  be  out  of 
onier. 

Each  tube  being  charged  with  about  500  Ibe.  of  the  antimonial  ore,  previously  warned 
upon  the  roof  of  the  l\umace,  in  a  short  time  the  sulphuret  of  a  blue  color  begins  to  Um 
out.  Whenever  the  liquation  ceases,  the  cinders  are  raked  out  by  the  side  openings,  asd 
the  tabes  are  charged  afresh.  The  luted  iron  crucibles  are  suffered  to  beecme  three 
fourths  full,  are  then  drawn  out  from  the  galleries,  leA  to  cool,  and  emptied.  The  ingoli 
weigh  about  85  pounds.  The  charging  is  renewed  every  three  hoars,  and,  when  the  pro- 
cess is  in  good  train,  100  lbs.  of  sulphuret  of  antimony  are  obtained  every  boor.  The 
average  duration  of  the  tubes  is  3  weeks,  though  in  some  eases  it  may  be  40  daym.  The 
product  from  the  ore  i^  from  40  to  50  per  cent.  The  above  plan  of  operation  is  remaifc- 
able  for  the  small  consumption  of  fuel,  the  economy  of  labor,  and  the  complete  exbaaatioa 
of  the  ore. 

LIQUEURS,  LIQUORISTE ;  names  given  by  the  French  to  liquors  compounded  of  al- 
cohol, water,  sugar,  and  different  aromatic  substances ;  and  to  the  person  who  compounds 
them.    I  shall  insert  here  a  few  of  their  most  approved  recipes. 

Jn/ftsion  of  the  peels  offruUa, — The  outer  skin,  pared  off  with  a  sharp  knife,  is  to  be 
dropped  into  a  hard  glazed  jar,  containing  alcohol  of  34°  B.,  diluted  with  half  its  bulk 
of  water,  and  the  whole  is  to  be  transferred  into  well-corked  carboys.  After  an  infusion 
of  six  weeks,  with  occasional  agitation,  the  aromatized  spirit  is  to  be  distilled  cfil  In 
this  way  are  prepared  the  liquors  of  cedrat,  lemons,  oranges,  limettu  (a  sort  of  sweet 
lemon),  poncirea  (the  large  citron),  bergamots,  &c. 

btfusion  of  aromatic  seeda. — These  must  be  pounded,  put  into  a  carboy,  along  with  al- 
cohol diluted  as  above,  infused  with  agitation  for  six  weeks,  and  then  distilled. 

Jnfuaiona  of  aromatic  icooda  are  made  in  the  same  way. 

The  liquorist  should  not  bring  his  infusions  and  tinctures  into  the  market  till  six  months 
aAer  their  distillation. 

Liqueurs  have  different  titles,  according  to  their  mode  of  fabrication. 

Thus  tvatera  are  liquors  apparently  devoid  of  viscidity ;  creama  and  oUa  possess  it  in  a 
high  degree. 

Water  of  cedrat,  is  made  by  dissolving  six  pounds  of  sugar  in  seven  quarts  of  water; 
adding  two  quarts  of  spirit  of  cedrat,  and  one  of  spirit  of  citron.  Boil  the  whole  for  a 
minute,  and  filter  hot  through  a  proper  bag.  Set  it  for  a  considerable  time  aside  in  a 
corked  carboy,  before  it  be  bottled. 

Oil  or  cteam  of  cedrat, — Take  eight  quarts  of  river  water,  two  of  spirit  of  cedrat,  one 
of  spirit  of  citron,  and  as  much  rich  sirup  as  is  necessary  to  give  the  mixture  an  oily  con- 
sistence. Stir  it  well  and  set  it  aside  in  carboys.  Should  it  be  at  all  clouded,  it  must  be 
filtered  till  it  be  perfectly  pellucid. 

Balm  of  Molucca,  is  made  by  infusinsr  for  ten  days,  in  a  carboy  capable  of  holding  fbDy 
four  gallons,  10  pounds  of  spirits  of  18®  B.,  4  pounds  of  white  sugar,  4  pounds  of  river 
water,  4  drachms  of  pounded  cloves,  and  48  grains  of  pounded  mace.  The  mixtnre  is  to 
be  shaken  3  or  4  times  daily,  colored  with  caramel  (burnt  sugar),  filtered  at  the  end  dT 
ten  days,  and  set  aside  in  bottles. 

Teara  of  the  widow  of  Malabar,  are  compounded  with  the  preceding  quantity  of  spirits, 
sugar,  anil  water,  adding  4  drachms  of  ground  cinnamon,  48  grains  cf  cloves,  and  a  like 
quantity  of  mace,  both  in  powder.    It  may  be  slightly  colored  with  caramel. 

The  delight  of  the  Mavdarina, — Take  spirit,  sugar,  and  water,  as  above,  adding  4 
drachms  of  ani$um  China,  (Gingi),  as  much  ambrette  (seeds  of  the  hibiaats  abelmoschua, 
Lin,"*,  all  in  powder ;  2  drachms  of  safflower. 

The  sigha  of  love, — Take  spirits,  water,  and  sugar,  as  above.  Perfume  with  essence 
(otto^  of  roses;  give  a  very  pale  pink  hue  with  tincture  of  cochineal,  filter  and  bottle  up. 

Creme  de  macarona, — Add  to  the  spirit,  sugar,  and  water  as  above,  half  a  pound  of 
bitter  almonds,  blanched  and  pounded;  cloves,  cinnamon,  and  mace  in  powder,  of  each 
48  grains.    A  violet  tint  is  given  by  the  tinctures  of  turnsole  and  cochineal. 

Curacoa. — Put  into  a  large  bottle  nearly  full  cf  alcohol  of  trente-aix  (34®  Baum^), 
the  peels  of  six  smooth  Portugal  oranges,  (Seville  ?)  and  let  them  infbse  for  15  days; 
then  put  into  a  carboy  10  pounds  of  spirits  of  18®  B.,  4  pounds  of  white  sugar,  and  4 
pounds  of  river  water.  When  the  sugar  is  dissolved,  add  a  sufficient  quantity  of  the 
orange  zearea  to  give  flavqi^  then  spice  the  whole  with  48  grains  of  cinnamon,  and 
as  much  mace,  both  in  powder.  Lastly  introduce  an  ounce  of  ground  Brazil  wood,  and 
ufuse  during  10  days,  agitating  3  or  4  times  daily.  A  pretty  deep  hue  ought  to  be  givea 
with  caramel. 

Swiaa  extract  ofttormtcood  is  compounded  as  follows  :— 
Tops  of  the  absinthium  majus  4  rounds; 
Ditto,  absinthium  minus  2  pounds ; 
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of  each  a  few  grains  at  pleasure ; 


Roots  of  angetica. 

Calamus  aromaticus, 
Seeds  of  the  aniaum  CAtiue, 
Leaves  of  the  dittany  of  Crete, , 
Alcohol  of  20^  B.,  four  gallons  Imp. 
Macerate  these  substances  during  eight  days,  then  distil  by  a  gentle  fire ;  draw  off  two 
gallons  cf  spirits,  and  add  to  it  2  drachms  of  essential  oil  of  anise-seed.  The  two  gallons 
leA  in  the  still  serve  for  preparing  the  vulnerary  apiHtuous  vHiUr. 

Of  coloring  the  liqueurs. 

Yellow  is  given  with  the  yellow  coloring  matter  of  safflower  {carihatnus),  which  is 
readily  extracted  by  water. 

Favm  is  given  by  caramel,  made  by  heating  ground  white  sugar  in  an  iron  spoon  over 
a  charcoal  fire,  till  it  assumes  the  desired  tint,  and  then  pouring  it  into  a  little  cold 
water. 

Jied  is  given  by  cochineal  alone,  or  with  a  little  ahim. 

Violet  is  given  by  good  litmus  (turnsole). 

Blue  and  green, — Sulphate  of  indigo  gives  the  first.  After  saturating  it  nearly  with 
chalk,  alcohol  being  digested  upon  it,  becomes  blue.  This  tincture  mixed  with  that  of 
carthamus  forms  a  good  green. 

LIQUID  AMBEIR  is  obtained  from  the  liquidambar  eiyraeiftua,  a  tree  which  grows  in 
Mexico,  Louisiana,  and  Virginia.  Some  specimens  are  thin,  like  oil,  and  others  are  thick- 
ish,  like  turpentine.  It  is  transparent,  amber  colored,  bas  an  agreeable  and  powerful 
smell,  and  an  aromatic  taste,  which  feels  pungent  in  the  throat.  Boiling  alcohol  dissolves 
it  almost  entirely.  It  contains  a  good  deal  of  benzoic  acid,  some  of  which  effloresces 
whenever  the  liquid  amber  hardens  with  keeping. 

LITHARGE  (Eng.  and  Fr.;  GUUte,  Germ.)  is  the  (Vised  yeDow  protoxyde  of  lead, 
which  on  cooling  passes  into  a  mass  consisting  of  small  six-skied  plates,  of  a  reddish  yel- 
low color,  and  semi-transparent.  It  generally  contains  more  or  less  red  lead,  whence  the 
variations  of  its  color;  and  carbonic  acid,  especially  when  it  has  been  exposed  to  the  air 
for  some  time.    See  Lrad  and  Silver,  for  its  mode  of  preparation. 

LITHIA  is  a  simple  earthy  or  alkaline  substance,  discovered  not  many  years  ago,  in 
the  taiinerals  called  petalite  and  triphane.  It  is  white,  very  caustic,  reddens  litmus  and 
red  cabbage,  and  saturates  acids  with  great  facility.  When  exposed  to  the  air  it 
attracts  humidity  and  carbonic  acid.  It  is  more  soluble  in  water  than  baryta ;  and  has 
such  a  strong  affinity  for  it,  as  to  be  obtained  only  in  the  state  of  a  hydrate.  It  forms  neu- 
tral salts  with  all  the  acids.  It  is  most  remarkable  for  its  power  of  acting  upon,  or  coi> 
roding  platinum. 

LITHIUM  is  the  metallic  basis  of  Lithia ;  the  latter  substance  consists  of  100  of 
metal,  and  123  of  oxygen. 

LITHOGRAPHY.  Though  this  subject  belongs  rather  to  the  arts  of  taste  and  design 
than  to  productive  manufactures,  its  chemical  principles  fall  within  the  province  of  this 
Dictionary. 

The  term  lithography  is  derived  from  \iB<n^  a  done,  and  ypa^n,  im/ing,  and  designates 
the  art  of  throwing  off  impressions,  upon  paper,  of  figures  and  writing  previously  traced 
upon  stone.    The  processes  of  this  art  are  founded : — 

1.  Upon  the  adhesion  to  a  smoothly  polished  limestone  of  an  encaustic  fat  which  forms 
the  lines  or  traces. 

2.  Upon  the  power,  acquired  by  the  parts  penetrated  by  this  encaustic,  of  attracting  to 
themselves,  and  becoming  covered  with  a  printer's  ink,  having  linseed  oil  for  its  basis. 

3.  Upon  the  interposition  of  a  film  of  water,  which  prevents  the  adhesion  of  the  ibk 
in  all  the  parts  of  the  surface  of  the  stone  not  impregnated  with  the  encaustic. 

4.  I^astly,  upon  a  pressure  applied  by  the  stone,  such  as  to  transfer  to  paper  the  greater 
part  of  the  ink  which  covers  the  greasy  tracings  of  the  encaustic. 

The  lithographic  stones  of  the  best  quality  are  still  procured  from  the  quarry  of 
Solenhofen,  a  village  at  no  great  distance  from  Munich,  where  this  mode  of  printing 
had  its  birth.  They  resemble  in  their  aspect  the  yellowish  white  lias  of  Bath,  but  their 
geological  place  is  much  higher  than  the  lias.  Abundant  quarries  of  these  fine-grained 
limestones  occur  in  the  county  of  Pappenheim,  along  the  banks  of  the  Danube,  pre- 
senting slabs  of  every  required  degree  of  thickness,  parted  by  regular  seams,  and  ready 
lor  removal  with  very  little  violence.  The  good  quality  of  a  lithographic  stone  is  gen- 
erally denoted  by  the  following  characters :  its  hue  is  of  a  yellowish  gray,  and  uniform 
throughout ;  it  is  free  from  veins,  fibres,  and  spots  ;  a  steel  point  maxes  an  impression 
on  it  with  difficulty ;  and  the  splinters  broken  off  firom  it  by  the  hammer  display  a  con- 
dioidal  fracture. 

The  Munich  stones  are  retailed  on  the  spot  in  slabs  or  layers  of  equal  thickness ; 
they  are  quarried  with  the  akl  of  a  saw,  so  as  to  sacrifice  as  little  as  possible  of  the 


784  LITHOGRAFHT. 

irregular  edges  of  the  Tectaiig:iilar  tables  or  plates.  One  of  the  broad  faces  is  then  dieawd 
and  coarsely  smoothed.  The  thickness  of  these  stones  is  nearly  proportional  to  their 
other  dimensions ;  and  varies  from  an  inch  and  two  thirds  to  3  inches. 

In  each  lithographic  establishment,  the  stones  receive  their  finishing,  dressing,  and 
polishing ;  which  are  performed  like  the  grinding  and  polishing  of  mirror  plate.  The 
work  is  done  by  hand,  by  mbbing  circularly  a  moveable  slab  over  another  cemented  in  a 
horizontal  position,  with  fine  siAed  sand  and  water  interposed  between  the  two.  The 
style  of  work  that  the  stone  is  intended  to  produce  determines  the  kind  of  polish  that  il 
should  get.  For  crayon  drawing  the  stone  should  be  merely  grained  more  (nr  less  Jimt^ 
according  to  the  fancy  of  the  draughtsman.  The  higher  the  finish  of  the  surface,  the 
softer  are  the  drawings ;  but  the  printing  process  becomes  sooner  pctsty,  and  a  smaller 
number  of  impressions  can  be  taken.  Works  t»  ink  require  the  stone  to  be  more  soft- 
ened down,  and  finally  polished  with  pumice  and  a  little  water.  The  stones  thus  prepared 
are  packed  for  use  with  white  paper  interposed  between  their  faces. 

Lithographic  crayons, — Fine  lithographic  prints  cannot  be  obtained  unless  the  crayons 
possess  every  requisite  quality.  The  ingredients  composing  them  ought  to  be  of  such 
a  nature  as  to  adhere  strongly  to  the  stone,  both  afler  the  drawing  has  undergone  the 
preparation  of  the  acid,  and  during  the  press-work.  They  should  be  hard  enoogh  to 
admit  of  a  fine  point,  and  trace  delicate  lines  without  risk  of  breaking.  The  following 
composition  has  been  successfully  employed  for  crayons  by  MM.  Bernard  and  Delanie» 
at  Paris: — 

Pure  wax,  (first  quality)  .        •        4 

Dry  white  taUow  soap  ...  2 

White  tallow        -        -  .        .        2 

Gum  lac        -        -  -  -  2 

Lamp  black,  enough  to  give  a  dark  tint      1 

Occasionally  copal  varnish        -  -     1 

The  wax  is  to  be  melted  over  a  gentle  fire,  and  the  lac  broken  to  bits  is  then  to  be 
added  by  degrees,  stirring  all  the  while  with  a  spatula ;  the  soap  is  next  introduced  in 
fine  shavings ;  and  when  the  mixture  of  these  substances  is  very  intimately  accomplished, 
the  copal-varnish,  incorporated  with  the  lamp  black,  is  poured  in.  The  heat  and 
agitation  are  continued  till  the  paste  has  acquired  a  suitable  consistence ;  which  may 
be  recognise  by  taking  out  a  little  of  it,  letting  it  cool  on  a  plate,  and  trying  its 
quality  with  a  penknife.  This  composition,  on  being  cut,  should  afford  brittle  sUcet. 
The  boiling  may  be  quickened  by  setting  the  rising  vapors  on  fire,  which  increases  the 
temperature,  and  renders  the  exhalations  less  ofi*ensive.  When  ready,  it  is  to  be  poured 
into  a  brass  mould,  made  of  two  semi-cylinders  joined  together  by  clasps  or  rings,  forming 
between  them  a  cylindric  tube  of  the  crayon  size.  The  mould  should  be  previously 
smeared  with  a  greasy  cloth. 

M.  LastejTie  prescribes  a  more  simple  composition,  said  to  be  equally  fit  for  the 
lithographer's  use : — 

Dried  white  tallow  soap      ...       6  parts. 
White  wax 6  — 

Lamp  black     •  -       -       -       -       -        1  — 

The  soap  and  tallow  are  to  be  put  into  a  small  goblet  and  covered  up.  When  the  whole 
is  thoroughly  fused  by  heat,  and  no  clots  remain,  the  Uack  is  gradually  sprinkled  in  wiUi 
careful  stirring. 

Lithographic  ink  is  prepared  nearly  on  the  same  principles : — 

Wax 16  parts. 

Tallow 6  — 

Hard  tallow  soap     -       -       -       -  6  — 

Shellac         ....        -  12  — 

Mastic  in  tears        -       -       -        -  8  — 

Venice  turpentine         •       -       -  1  — 

Lamp  blade     -        -        -       - '     -  4  — 

The  mastic  and  lac,  previously  ground  together,  are  to  be  heated  with  care  in  the 
turpentine ;  the  wax  and  tallow  are  to  be  added  aAer  they  are  taken  ofl^  the  fire,  and 
when  their  solution  is  efiected,  the  soap  shavings  are  to  be  thrown  in.  Lastly,  the  lamp 
black  IS  to  be  well  intermixed.  Whenever  the  union  is  accomplished  by  heat,  the  opera- 
tion  is  finished ;  the  liquor  is  left  to  cool  a  little,  then  poured  out  on  tables,  and,  when  cold^ 
cut  into  square  rods. 

Lithographic  ink  of  good  quality  ought  to  be  susceptible  of  forming  an  emulsion  so 
attenuated,  that  it  may  appear  to  be  dissolved  when  rubbed  upon  a  hard  body  in  dis 
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tOled  or  rirer  water.  It  should  be  flowing  in  the  pen,  not  spreading  on  the  stone ;  capa- 
ble of  forming  delicate  traces,  and  very  black  to  show  its  delineations.  The  most  essen- 
tial quality  of  the  ink  is  to  sink  well  into  the  stone,  so  as  to  re-produce  the  most  delicate 
outlines  of  the  drawing,  and  to  afford  «  great  many  impressions.  It  must  therefore  be 
able  to  resist  the  acid  with  w4iich  the  stone  is  moistened  in  the  preparation,  without  let- 
ting any  of  its  greasy  matler  escape. 

M.  de  Lasteyrie  states  that  after  having  tried  a  great  many  combinations,  he  gives  the 
preference  to  the  following  r^ 

fallow  soap,  dried  «        -       ...  30  parts 

Mastic,  in  tears      <-        •        - .      -        •  30  — 

White  soda  of  cooBuneroe         -       -       -  30  — 

Shellac 160  — 

Lamp^ack    .«---.  12  — 

The  soap  18  firs^put  Into  the  goblet  and  melted  over  the  fire,  to  which  the  lac  being 
added  fuses  immediately ;  the  soda  is  then  introduced,  and  next  the  mastic,  stirring  afi 
the  while  with  a  spatula.  A  brisk  fire  is  applied  till  all  these  materials  be  melted  com- 
pletely, when  the  wlu^  is  poured  out  into  the  mould. 

The  inks  now  prescribed  may  be  employed  equally  with  the  pen  and  the  hair  pencil, 
ibr  writings,  blade-lead  drawings,  aqtut  tinta,  mixed  drawings,  those  which  represent  en- 
gravings on  wood  (wood  cuts),  &c.  When  the  ink  is  to  be  used  it  is  to  be  rubbed  down 
¥rith  water,  in  the  manner  of  China  ink,  till  the  shade  be  of  the  requisite  depth.  The 
temperature  of  the  place  ought  to  be  Grom  84°  to  90^  Fahr.,  or  the  saucer  in  which  the 
ink-stick  is  rubbed  should  be  set  in  a  heated  plate.  No  more  ink  should  be  dissolved 
than  is  to  be  used  at  the  time,  for  it  rarely  keeps  in  the  liquid  state  for  24  hours ;  and  it 
should  be  covered  or  corked  up. 

,AUographic  paper, — ^Autography,  or  the  operation  by  which  a  writing  or  a  drawing  is 
transferred  from  paper  to  stone,  presents  not  merely  a  means  of  abridging  labor,  but  also 
that  of  reverting  the  writings  or  drawings  into  the  direction  in  which  they  were  traced, 
whilst,  if  executed  directly  upon  the  stone,  the  impression  given  by  it  is  tnverted.  Hence, 
4k  writing  upon  stone  must  be  inverted  from  right  to  left  to  obtain  direct  impressions. 
But  the  art  of  writing  thus  is  tedious  and  difficult  to  acquire,  while,  by  means  of  the 
autographic  paper  and  the  transfer,  proofs  are  obtained  in  the  same  direction  with  the 
writing  and  drawing. 

,^uiographic  irOe, — It  must  be  fatter  and  softer  than  that  applied  directly  to  the  stone, 
so  that  though  dry  upon  the  paper,  it  may  still  preserve  sufiicient  viscidity  to  stick  to  the 
stone  by  mere  pressure. 

To  compose  this  ink,  we  take — 

White  soap       ......      100  parts 

White  wax  of  the  best  qnality       -       -  100  — 

Mutton  suet      ......30  — 

Shellac  ......  60  — 

Mastic      -        -        -        -        ...        -        60  — 

Lamp-bkck    -        -        -        .        -  30  or  35  — 

These  materials  are  to  be  melted  as  above  described  for  the  lithographic  ink. 

Liihographie  ink  and  paper. — The  following  recipes  have  been  much  commended : — 

Virgin  or  white  wax   .....  8  parts 

White  soap     ......  2  — 

Shellac 2  — 

Lamp-black    ......  3  table-spoonsful. 

Preparation. — ^The  wax  and  soap  are  to  be  melted  together,  and  before  they  become  so 
hot  as  to  take  fire,  the  lamp-black  is  to  be  well  stirred  in  with  a  spatula,  and  then  the 
mixture  is  to  be  aUowed  to  bum  for  30  seconds ;  the  flame  being  extinguished,  the  lac  is 
to  be  added  by  degrees,  carefully  stirring  all  the  time ;  the  vessel  is  to  be  put  upon  the 
fire  once  more  in  order  to  complete  the  combination,  and  till  the  materiids  are  either 
kindled  or  nearly  so.  After  the  flame  is  extinguished,  the  ink  must  be  suffered  to  cool  a 
little,  and  then  put  into  the  moulds. 

With  the  ink  crayons  thus  made,  lines  may  be  drawn  as  fine  as  with  the  point  of  the 
graver,  and  as  full  as  can  be  desired,  without  risk  of  its  spreading  in  the  carriage.  Its 
traces  will  remain  unchanged  on  paper  for  years  before  being  transferred. 

Some  may  think  it  strange  that  there  is  no  suet  in  the  above  composition,  but  it  has 
been  found  that  ink  containing  it  is  only  good  when  used  soon  aAer  it  is  made,  and  when 
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immediately  transferred  to  the  stoney  while  traeet  drawn  on  paper  with  the  snot  nk  h»* 
oome  defective  ailer  4  or  5  days. 

LUhogn^ie  paper, — ^Lay  on  the  paper,  3  toceessiTe  ooats  of  sheep-feet  idlj, 

I  layer  of  white  starch, 
1  layer  of  gamhoge. 

The  first  layer  is  applied  with  a  sponge  dipped  in  the  solatioa  of  the  hot  jdly,TBfj 
equally  over  the  whole  surface,  but  thin ;  and  if  the  lei^  be  stretched  apoo  a  ooid,  the 
gelatine  will  be  more  uniform.  The  next  two  coats  are  to  be  laid  on,  oatil  eadi  is  dry. 
The  layer  of  starch  is  then  to  be  applied  with  a  sponge,  and  it  will  also  be  very  thia  and 
equal.  The  coat  of  gamboge  is  lastly  to  be  applied  in  the  same  way.  When  the  paper 
is  dry,  it  must  be  smoothed  by  passing  it  through  the  lithograt^ie  press ;  and  the  more 
polished  it  is,  the  better  does  it  take  on  the  ink  in  fine  lines. 

Transfer, — When  the  paper  is  moistened,  the  transfer  of  the  ink  from  the  gaznboge  if 
perfect  and  infallible.  The  starch  separates  from  the  gelatine,  and  if,  after  taking  tbe 
paper  off  the  stone,  we  place  it  on  a  white  slab  of  stone,  and  pour  hot  water  orer  it,  it 
will  resume  its  primitive  state.  * 

The  coat  of  gamboge  ought  to  be  laid  on  the  same  day  it  is  dissolvad,  as  by  keepaig  It 
becomes  of  an  oily  nature ;  in  this  state  it  does  not  obstruct  the  transfer,  bat  it  gives  • 
gloss  to  the  paper  which  renders  the  drawing  or  tracing  more  difficult,  especially  to  per- 
sons little  habituated  to  lithography. 

The  starch  paste  can  be  employed  only  when  cold,  the  day  after  it  is  made,  and  after 
having  the  skin  removed  from  its  surface. 

A  leaf  of  such  lithographic  paper  may  be  made  in  two  minutes. 

In  transferring  a  writing,  an  ink  drawing,  or  a  lithographic  crayon,  even  the  imprewioB 
of  a  copper-plate,  to  the  stone,  it  is  necessary,  1.  that  the  impressions  be  made  npon  a  thia 
and  slender  body  like  common  paper ;  2.  that  they  may  be  detached  and  fixed  totally  ob 
the  stone  by  means  of  pressure ;  but  as  the  ink  of  a  drawing  sinks  to  a  certain  depth  m 
paper,  and  adheres  pretty  strongly,  it  would  be  difficult  to  detach  all  its  parts,  were  there 
not  previously  put  between  the  paper  and  the  traces,  a  body  capable  of  being  separated 
from  the  paper,  and  of  losing  its  adhesion  to  it  by  means  of  the  water  with  which  it  ii 
damped.  In  order  to  produce  this  efiect,  the  paper  gets  a  certain  preparation,  whidi  eoB- 
sists  in  coating  it  over  with  a  kind  of  paste  ready  to  receive  every  delineation  wttboet 
sufTering  it  to  penetrate  into  the  paper.  There  are  difierent  modes  of  oommnnicating  thii 
property  to  paper.  Besides  the  above,  the  following  may  be  tried.  TUce  an  nmiuA 
paper,  rather  strong,  and  cover  it  with  a  varnish  composed  of: — 

Starch  .....  120  parts 

Gum  arable  -  -  -  -  -  40   — 

Alum  -  -  -  -  -20    — 

A  paste  of  moderate  consistence  must  be  made  with  the  starch  and  some  water,  with  * 
the  aid  of  heat,  into  which  the  gum  and  alum  are  to  be  thrown,  each  previously  diaaohed 
in  separate  vessels.  When  the  whole  is  well  mixed,  it  is  to  be  applied,  still  hot,  on  the 
leaves  of  paper,  with  a  flat  smooth  brush.  A  tint  of  yellow  color  may  be  given  to  the 
varnish,  with  a  decoction  of  the  berries  of  Avignon,  commonly  called  French  berries  hf 
our  dyers.  The  paper  is  to  be  dried,  and  smoothed  by  passing  under  the  scraper  of  the 
lithographic  press. 

Steel  pens  are  employed  for  writing  and  drawing  with  ink  on  the  lithographic 
stones. 

LITMUS  {Toumesol,  Fr. ;  Lackmusy  Germ.)  is  prepared  in  Holland  from  the  apeciei 
of  lichen  called  Lecanora  iartarea,  Roccella  tartanay  by  a  process  whieh  has  been  kept 
secret,  but  which  is  undoubtedly  analogous  to  that  for  making  archil  and  cudbear.  The 
ground  lichens  are  first  treated  with  urine  containing  a  little  potash,  and  aDowed  to  fer- 
ment, whereby  they  produce  a  purple-red ;  the  colored  liquor,  treated  with  quicklime  and 
some  more  urine,  is  set  again  to  ferment  during  two  or  three  weeks,  then  it  is  mixed  with 
chalk  or  gypsum  into  a  paste,  which  is  formed  into  small  cubical  pieces,  and  dried  in  the 
shade.  Litmus  has  a  violet-blue  color,  is  easy  to  pulverize,  is  partiaUy  soluble  in  water 
and  dilute  alcohol,  leaving  a  residuum  consisting  of  carbonate  of  lime,  of  clay,  siliot, 
gypsum,  and  oxyde  of  iron  combined  with  the  dye.  The  color  of  litmus  is  not  altmd  by 
alkalis,  but  is  reddened  by  acids ;  and  is  therefore  used  in  chemistry  as  a  delicate  test  of 
acidity,  either  in  the  state  of  solution  or  of  unsized  paper  stained  with  it.  It  is  employed 
to  dye  marble  blue. 

LIXIYIATION  {lAmvagty  Fr. ;  ^dtulageuy  Germ.)  signifies  the  abstraction  by  wifttr 
of  the  soluble  alkaline  or  saline  matters  present  in  any  earthy  admixture;  as  ftnai  tiiat 
of  quicklime  and  potashes  to  make  potash  ley,  Ihnn  that  of  effloresced  alum  aehirt  to 
make  aluminous  liquors,  jlc, 

LOADSTONE,   MAGNETIC    XRON-erTONE    (Fer    OfyM^,   Fr.; 
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«tetn>  Germ.) ;  «a  worn  ore  eoMisting  of  the  pcotoxyde  and  peroxyde  of  inm  in  a  state  of 
combtnation 

LOAM  (Ttm4imontu$€y  Fr. ;  Lehmy  Genn.) ;  a  native  clay  mixed  with  quartz  sand 
and  iron  ochre,  and  occasionally  with  some  carbonate  of  lime. 

LODEy  is  the  name  given  by  the  Cornish  miners  to  a  vein,  whether  it  be  filled  with 
metallic  or  earthy  matter. 

LOGWOOD  (Boii  de  Campiehey  Bm  bUm^  Fr. ;  BUttJvolzy  Germ.)  is  the  wood  of 
the  Ummataxykm  Campechimmm,  a  native  tree  of  cientnil  America,  grown  in  Jamaica  since 
1715.  It  was  first  introduced  into  England  in  the  reign  of  Elizabeth,  but  as  it  afforded 
to  the  unskilful  dyers  of  her  time  a  fugitive  color,  it  was  not  only  prohibited  from  being 
naedj  under  severe  penalties,  bat  was  ordered  to  he  homed  vTherever  found,  by  a  law  pass- 
ed in  the  23d  year  of  her  reign.  The  same  prejudice  existed,  and  the  same  law  was  en- 
acted against  indigo.  At  length,  aAer  a  century  of  absurd  prohibition,  these  two  most 
▼alnable  tinctorial  matters,  by  which  all  our  hats,  and  the  greater  part  of  our  woollen 
dolhs,  are  dyed,  were  allowed  to  be  used. 

Old  wood,  with  black  bark  and  with  little  of  the  white  alburnum,  is  preferred.  Logwood 
is  denser  than  woler,  very  hard,  of  a  fine  icompact  grain,  and  almost  indestructible  by  the 
atmospheric  elements;  it  has  a  sweet  aa^  astringent  taste,  and  a  peculiar  not  inoffensive 
smelL 

For  its  chemical  composition,  see  HsKATiir. 

When  chipped  logwood  is  for  some  time  exposed  to  the  air,  it  loses  a  portion  of  its  dye- 
ing power.  Its  decoction  absorbs  the  oxygen  of  the  atmosphere,  and  then  acquires  the 
property  of  precipitating  with  gelatine.  Which  it  had  not  before.  The  dry  extract  of  log- 
wood, made  from  an  old  decoetion,  affords  -only  a  fugitive  color. 

For  its  applications  in  dyeing,  see  Black  Dtx  ;  BaowN  Dte  ;  Cauco  PaiNTiNo ; 
Dtsino  ;  Hat  Dteikg,  Ate. 

The  imports  of  logwood  for  home  use  were,  in  1836,  12,880  tons,  13  cwts. ;  in  1837, 
14,677  toas,  13  cwts.  And  the  amount  of  duty  received  was,  in  1836,  2,480/. ;  in  1837, 
2,5921. 

LOOM  (Metier  d  fw«er,  Fr. ;  Webentuhlj  Germ.)  is  the  ancient  and  well-known  ma- 
chine for  weaving  cloth  by  the  decussation  of  a  series  of  parallel  threads,  which  run  length- 
wise, called  the  warp  or  chain,  with  other  threads  thrown  transversely  with  the  shuttle, 
called  the  woof  or  weft.    See  Jacquabd  Loom  and  Weaving. 

LUBRICATION.  The  following  simple  and  efficacious  plan  of  lubricating  the  joints 
and  bearings  of  machinery  by  capillary  attraction,  has  been  kindly  communicated  to  me 
by  its  ingenious  inventor,  Edward  Woolsey,  Esq. :  — 

Fig.  645,  represents  a  tin  cup,  which  has  a  small  tin  tube  A,  which  passes  through  the 
iNyttom,  a»  shown  by  the  dotted  lines.    It  may  have  a  tin  cover  to  keep  out  the  dust. 

Fig.  646,  is  a  plan  of  the  same. 

Ft^.  647,  is  a  section  of  the  same.  Oil  is  poured  into  the  cnp,  and  one  end  of  a 
worsted  or  cotton  thread  is  dipped  into  the  oU,  and  the  other  end  passed  through  the 
tube.  The  capillary  attraction  causes  the  oil  to  ascend  and  pass  over  the  orifice  of  the 
tabe,  whence  it  gradually  descends,  and  drops  slower  or  quicker,  according  to  the  length 
of  the  thread,  or  its  thickness,  until  every  particle  of  oil  is  drawn  over  by  this  capillary 
syphon.  The  tube  is  intended  to  be  put  into  the  bearings  of  shafts,  &c.,  and  is  made 
of  any  size  that  may  be  wished.  If  oU,  or  other  liquids,  is  desired  to  be  dropped  upon  a 
grindstoae  or  other  surface,  this  cup  can  have  a  handle  to  it,  or  be  hung  fhun  the 
edling. 

Fig,  648.  It  is  frequently  required  to  stop  the  capillary  action  when  the  machinery  is 
BOt  going;  and  this  has  been  effected  by  means  of  a  tightening  screw,  which  passes  through 
a  screw  boss  in  the  cover  of  the  cup,  and  presses  against  the  internal  orifice  of  the  tufs, 
prerenttag  the  oil  from  passing. 

Fig.  649.  As  I  find  when  these  screw  cups  (fig.  648)  are  used  upon  beams  of  engines 
mad  moving  bearings,  that  the  screw  is  apt  to  be  tightened  by  the  motion  ;  and  also,  as 
I  think  the  action  of  the  screw  is  uncertain,  from  the  workman  neglecting  to  screw  it 
down  sofficicnUy,  it  answers  best  to  take  out  the  capillary  thread  when  the  lubripition 
is  not  required ;  and  to  effect  this  easily,  I  have  a  tin  top  to  the  cup,  with  arround 
pipe  soldered  to  H :  this  pipe  has  a  slit  in  it,  like  a  pencil  case,  and  allows  a  bolt  a 
to  slide  easily  in  it.  In  fig.  650,  the  bolt  is  down  ;  in  fig.  651,  the  bolt,  which  is  a 
piece  of  brass  wire,  is  drawn  up,  and  there  is  no  capillary  action  between  the  thread  and 
the  oiL  In  fig.  651,  it  wOl  be  observed,  that  the  bolt  is  kept  in  its  place  by  its  head  c, 
i«gtiag  in  a  lateral  slit  in  the  pipe,  and  it  cannot  be  drawn  out  on  account  of  the  pin  lu 
Oae  end  of  the  thread  it  fastened  to  the  eye-hole  at  the  bottom  of  the  bolt,  and  the  bther 
end  is  tied  to  a  small  wire  which  crosses  the  lower  orifice  of  the  tube  at  d,  and  which  it 
shown  im  plan  fig,  652. 

By  this  sunple  contrivance  the  capillary  action  can  be  stopped  or  renewed  in  a  tteoBd^ 
mUbmtnmmiMg  the  lop  of  the  Isbrieator. 


The  nvingt^  this  pIan,biUadflrpoQiin«oa  into  the  bearing!,  b  Z  p 
whQe  Ihe  bMrfogs  ue  better  oQcd. 


"  I  Knd  Toa  the  dnwin^  of  the  iDbrieaton,  with  ■  detuled  expUnatiMi.  I  here 
omiltecl  to  stale,  that  the  aaTing  in  Uboi  is  coniideraUe  where  there  are  muf  jooB 
IQ  keep  oiled  three  or  fonr  times  a  day  j  and  that  the  warlunan  does  not  inlh  lU) 
apinratuB,  run  the  risk  of  being  caught  by  the  maehinerf.  Perhaps  your  frie«dl  mj 
be  at  a  toss  how  to  tie  on  the  cotton  or  wonted  thread.  I  pan  a  long  thread  thwoiA 
(he  eye-hole  e  or  Ihe  bolt,  and  then  draw  the  two  ends  through  the  Inbe  by  a  flae  H* 
with  a  hook  to  it,  one  end  on  one  side  of  the  cross  wire  d,  and  Ihe  other  end  on  the  nttn 
side.  I  then  put  the  eoTer  on,  and  the  bolt  in  the  position  sha-*n  in  fig.  661 ;  wbca  bf 
drawing  lbs  two  ends  of  the  thread,  and  tying  ihem  acitna  the  wire  d,  yon  have  the  end 
length  required.  When  yon  wish  lo  see  the  quantity  of  oil  remaining  in  the  liilaiialir 
the  bolt  must  be  dropped  as  in  fig.  650,  and  yon  can  then  lift  the  cover  a  little  way  iM, 
without  breaking  the  thread,  and  replenish  with  oil.  The  cost  of  Jig.  650,iD  tin  {dM^ii 
9d.    Hie  flgnm  in  the  wood  eats  are  one  third  of  the  fall  siie. 

"  Believe  me  to  be  yonn  sincerdy, 

"  E.  J.  Wooun.* 
T  appearance,  m  named  by  H.  CoMola,  beeaMi 

LDPULINE,  from  tfnmndu  Impthui  it  the  pecnliai  bitter  aromatie  prineiplaef  Ike 
hop.    See  Beeb. 

Lin'E  (fcom  inlom,  clay ;  ImI,  Fr. ;  KWt,  BttMagt,  Genn.)  is  a  pasty  or  loa^ 
mattftemployed  to  close  Ihe  joints  of  chemical  apparatus,  or  to  coat  their  sarfheet,  aal 
protect  them  from  the  direct  action  of  flame.  Lntea  differ  according  to  the  nature  of  tb> 
TKpon  which  they  are  destined  to  confine,  and  the  degree  of  heat  which  they  an  ta  be 

1.  Laic  oflimtldmial,  mode  into  a  soft  plastic  dongh  with  water,  and  immediately  ap- 
plied pretty  thich  to  junctions  of  glass,  or  ntiiii   iiiiir_ in  nil jn  ill  illj  [i[^til,hailll1 

■peedily,  resists  acid  and  ammoniacal  vapora,  as  also  a  moderate  degree  of  heat.    It  b^ 
aomei  stronger  when  Ihe  meal  is  kneaded  with  milk,  lime-wnter,  or  solution  offline. 

2.  Lute  (S*  thick  gam-water,  kneaded  wilh  clay,  and  iron  filings,  serves  well  (br  pK^ 
maneat  jnnctioDs,  as  it  becomes  extremely  solid. 

3.  By  softening  in  water  a  piece  of  thick  brown  papff,  kneading  it  bit  witk  ij^ 
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ttov  pule,  and  then  witli  mne  potter^  day,  tfll  it  acquire  the  proper  consiateneey  a 
htfeiiftfiiied  which  does  not  readily  crack  or  scale  off. 

i  Lite,  eonsistiiig  of  a  strong  solution  of  glue  kneaded  into  a  dough  with  new  slaked 
line,  if  a  powerihl  cement,  and  with  the  addition  of  white  of  egg,  forms  the  hU  iPane ; — 
1  coofnation  adapted  to  mend  broken  vessels  of  porcelain  and  stone-ware. 

5.  Skiro-milk  cheese,  boiled  for  some  time  in  water,  and  then  triturated  into  paste  with 
frnbulaked  lime,  forms  also  a  good  lute. 

&  Caldned  gypsum,  diffused  through  milk,  solution  of  glue  or  starch,  is  a  valuable 
loff,  in  many  cases. 

7.  A  lute  made  with  linseed,  melted  caoutchouc,  and  pipe-clay,  incorporated  into  a 
mooth  dough,  may  be  kept  long  soft  when  covered  in  a  cellar,  and  serves  admirably  to 
eoofioe  acid  vapors.  As  it  does  not  harden,  it  may  therefore  be  applied  and  taken  off  as 
oAen  u  are  please. 

9.  Caoutchouc  itself,  after  being  melted  in  a  spoon,  may  be  advantageously  used  for 
vcnrittf  joints  against  chlorine  and  acid  vapors,  in  emergencies  when  nothing  else  would 
bedTectoal.    It  bears  the  heat  at  which  sulphuric  acid  boils. 

9.  The  best  lute  for  joining  crucibles  in?erted  into  each  other,  is  a  dough  made  with  a 
Dimire  of  fresh  fire-clay,  and  ground  fire-bricks,  worked  with  water.  That  cement  if 
ade  with  solution  of  borax  answers  still  better,  upon  some  occasions,  as  it  becomes  a 
nopact  vitreous  mara  in  the  fire.    See  Cemekts. 

LUTEOLINE,  is  a  yellow  coloring  matter  discovered  by  Chevreul  in  weld.  When 
nUimcd,  it  crystallizes  in  needles. 

LYCOPODIUxM  CLAYATUM.  The  seeds  of  the  lycopodium  ripen  in  September. 
IV7  arp  employed,  on  account  of  their  great  combustibility,  in  theatres,  to  imitate  the 
madden  flash  of  lightning,  by  throwing  a  quantity  of  them  firom  a  powder  puff,  or  bellows, 
aenai  the  flame  of  a  candle. 

LYDIAN  STONE  is  flint-slate. 


M. 

• 

MACARONI  it  a  dough  of  fine  wheat  flour, .made  into  a  tubular  or  pipe  form,  of  tin. 
ihiekacss  of  goose-qoills,  which  was  first  prepared  in  Italy,  and  introduced  into  commerce 
uder  the  name  of  Italian  or  Genoese  paste.  The  wheat  for  this  purpose  must  be  ground 
ino  a  eoarse  floor,  called  gruau  or  temouU^  by  the  French,  by  means  of  a  pair  of  light 
■dl-sloii^  placed  at  a  somewhat  greater  distance  than  usual.  This  tenumle  is  the  sub- 
Haaee  employed  for  making  the  dough.  For  the  mode  of  nuinufacturing  it  into  pipes, 
«e  Vebiucklu. 

MACE  it  a  somewhat  thick,  tough,  unctuous  membrane,  reticulated  or  chapt,  of  a 
Fdowish-brown  or  orange  color.  It  forms  the  envelop  of  the  shell  of  the  fruit  of  the 
■yrii/ieia  motdMia,  which  contains  the  nutmeg.  It  is  dried  in  the  sun,  after  being 
ifcpptd  is  brine ;  sometimes  it  is  sprinkled  over  with  a  little  brine,  before  packing,  to 
FRTcat  the  risk  of  moulding.  Mace  has  a  more  agreeable  flavor  than  nutmeg; 
with  a  warm  and  pungent  taste.  It  contains  two  kinds  of  oil ;  the  one  of  which  is 
lactBOM,  hlaiid,aiid  of  the  consistence  of  butter;  the  other  is  volatile,  aromatic,  and 
The  membrane  is  used  as  a  condiment  in  cookery,  and  the  aromatic  oil  in 


MACERATION  (Eng.  and  Fr. ;  Einweiehen,  Germ.),  is  a  preparatory  steep  to  which 
Qertaia  vegetable  and  animal  substances  are  submitted,  with  the  view  of  distending  their 
fiWes  or  pores,  and  causing  them  to  be  penetrated  by  such  menstrua  as  are  best  adapted 
laexlTmet  their  soluble  parts.  Water  alone,  or  mixed  with  acids,  alkalis,  or  salts ;  alcohol 
ud  etkrr,  are  the  liquids  usually  employed  for  that  purpose. 

MACLE  it  the  name  of  certain  diagonal  black  spots  in  minerals,  like  the  ace  of 
daaoads  in  cards,  supposed  to  proceed  from  some  disturbance  of  the  particles  ii^e  act 
>f  crfitalUxation.  ^ 

MADDER  (Guraaec,  Fr. ;  FariftrrotlUy  Germ.),  a  substance  very  extensively  used  in 
^yoBg,  it  the  root  of  the  Rubia  /tfur/oram,  a  plant,  of  which  two  species  arc  distinguish- 
ed hfLinnimt. 

The  best  roott  are  thote  which  have  the  size  of  a  writing  quill,  or,  at  most,  of  the 
finle  fimper.  They  are  semi-transparent,  and  reddish;  have  a  strong  odor,  and  a  smooth 
Mu    They  ahooJd  be  q£  two  or  three  years'  growth. 

The  Badder,  taken  firom  the  ground  and  pidced,  must  be  dried  in  order  to  be  ground 
ni  laamici^    In  warm  climatet  it  is  dried  in  the  open  air;  but,  elsewhere,  stoves  must 
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The  stringy  filaments  and  epidennis  are  to  be  remoredy  called  wmOt ;  as  ttbo  Ike  piO, 
BO  as  to  leaTe  nothing  hut  the  ligneous  fibres. 

The  preparation  of  madders  is  carried  on  in  the  department  of  the  Bhone,  in  the  Al- 
lowing manner. 

The  roots  are  dried  in  a  store  heated  by  means  of  a  famace,  Ihm  which  the  air  ii 
allowed  to  issue  only  at  interrals,  at  the  nKMment  when  it  is  jodged  to  be  latvraled  wilk 
moisture.  The  fomace-flQe  occupies  a  great  portion  of  the  floor;  above  are  three  dose 
gratings,  on  which  the  roots  are  distributed  in  layers  of  about  two  decimetres  (neaily  8 
inches).  At  the  end  of  24  hours,  those  which  are  on  the  ^irst  grated  floor  directly  aboit 
the  stOTe  are  dry,  when  they  are  taken  away  and  replaced  b>  thoee  of  the  sapefior  floois. 
This  operation  is  repeated  whenever  the  roots  oyer  the  stove  are  dry.  The  diy  roots  are 
thrashed  with  a  flail,  passed  through  fanners  similar  to  thoee  employed  lor  eom,  mmd  then 
shaken  upon  a  very  coarse  sieve.  What  passes  through  is  farther  winnowed  and  siAed 
through  a  finer  sieve  than  the  first.  These  operations  are  repeated  five  timesy  prooeediig 
successively  to  sieves  still  flner  and  finer,  and  setting  aside  every  time  what  remaias  ca 
the  sieve.  What  passes  through  the  fifth  sieve  is  rejected  as  sand  and  dust.  After  these 
operations,  the  whole  fibrous  matters  remaining  on  the  sieve  are  cleaned  vith  cnaBmnn 
fanners,  and  women  separate  all  the  foreign  matters  which  had  not  been  removed  beftre. 
For  dividing  the  roots,  aAerwards,  into  diiSerent  qualities,  a  brass  sieve  is  made  ase  U, 
whose  meshes  are  from  six  to  three  millimetres  in  diameter  (from  }th  to  ^th  inch  £.) 
What  passes  through  the  finest  is  rejected ;  and  what  passes  through  the  coarsest  is  re- 
garded as  of  the  best  quality.  These  roots,  thus  separated,  are  carried  into  a  stove^  of  a 
construction  somewhat  different  from  the  first.  They  are  spread  out  in  layers  of  about 
a  decimetre  in  thickness  (nearly  4  inches  E.),  on  large  lattice-work  frames,  and  Uie  dry- 
ing is  known  to  be  complete,  when  on  taking  up  a  handful  and  aqueexing  it,  the  roots 
break  easily.  On  quitting  the  stove,  the  madder  is  carried,  sUll  hot,  into  a  marhiae, 
where  it  is  minced  small,  and  a  sieve  separates  the  portion  of  the  bark  reduced  to  powder. 
This  operation  is  repeated  three  or  four  times,  and  then  the  bolter  is  had  recourae  to. 
What  passes  through  the  sieve,  or  the  brass  meshes  of  the  bolter,  is  regarded  as  com- 
mon madder ;  and  what  issues  at  the  extremity  of  the  bolter  is  called  the  flour.  Lastly, 
the  madder  which  passes  through  the  bolter  is  ground  in  a  mill  with  vertical  stones,  and 
then  passed  through  sieves  of  different  sizes.  What  remains  above  is  always  better  than 
what  goes  tiiroogh. 

The  madder  of  Alsace  is  reduced  to  a  very  flne  powder,  and  its  coloring  nmtter  is  o- 
tracled  by  a  much  longer  ebullition  than  is  necessary  for  the  lizari  of  the  Levant.  The 
prepared  madders  ought  to  be  carefully  preserved  from  humidity,  because  they  eanly  im- 
bibe moisture,  in  which  case  fermentation  spoils  their  color. 

D'Ambourney  and  Beckman  have  asserted,  that  it  is  more  advantageous  to  employ  the 
fresh  root  of  madder  than  what  has  been  submitted  to  desiccation,  especially  by  neaas 
of  stoves.  But  in  its  states  of  freshness,  its  volume  becomes  troublesome  in  the  dyeing 
bath,  and  uniform  observation  seems  to  prove  that  it  ameliorates  by  age.  Besides,  it 
most  be  rendered  suceptible  of  keeping  and  carrying  easily. 

It  appears  that  madder  may  be  considered  as  composed  «f  two  coloring  snbstanees,  one 
of  which  is  dun  (tawny),  and  the  other  is  red.     Both  of  these  substances  may  eonbiae 
with  the  stuff.    It  is  of  consequence,  however,  to  flx  only  the  red  part.    The  dun  portion 
appears  to  be  more  soluble,  but  its  flxity  on  stuffs  may  possibly  be  increased  by  the  aflbity  * 
which  it  has  for  the  red  portion. 

The  different  additions  made  to  madder,  and  the  multiplied  processes  to  which  it  ii 
sometimes  exposed,  have  probably  this  separation  for  their  chief  object. 

The  red  portion  of  madder  is  soluble,  bat  in  small  quantity,  in  water.  Hence  bat  a 
limited  concentration  can  be  given  to  its  solution.  If  the  portion  of  this  substance  be 
too  much  increased,  so  far  from  obtaining  a  greater  effect,  we  merely  augment  the  pro* 
portion  of  the  dun  part,  which  is  the  more  soluble  of  the  two. 

In  consequence  of  the  Soci^te  Industrielle  of  Mulhausen  having  offered  in  the  year 
1826  large  premiums  to  the  authors  of  the  best  analytical  investigation  of  madder,  eight 
memoirs  were  transmitted  to  it  in  the  year  1827.  They  were  examined  with  the  greatest 
care  t^  committee  consisting  of  able  scientific  and  practical  men.  None  of  the  eom- 
petitor^owever  fulfilled  the  conditions  of  the  programme  issued  by  the  society;  hot  fbor 
of  them  received  a  tribute  of  esteem  and  gratitude  fhnn  it ;  MM.  Robiquet  and  CoUa  at 
Paris,  Kuhlmann  at  Lille,  and  Houton-Libillardiere.  Fresh  proniums  were  offered  fiir 
next  year,  to  the  amount  of  2000  francs. 

Every  real  discovery  made  concerning  this  precious  root,  would  be  of  vast  coBseqnenee 
to  dyers  and  calico-printers.  Both  M.  Kuhlmann,  and  Robiquet  and  Colin,  eoneeived 
that  they  had  discovered  a  new  principle  in  madder,  to  which  they  gave  the  name 
alizarine.  The  latter  two  chemists  treated  the  powdered  madder  with  sulphuric  add, 
taking  care  to  let  it  heat  as  little  as  possible.  By  this  action  the  whole  is  carbon*  * 
except  perhaps  the  red  matter.     The  charcoal  thus  obtained  is  pulverized,  mixad 
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water,  thrown  npoa  a  filUr,  aqd  wdl  washed  in  the  cold.  It  is  next  dried,  grooad,  and 
diffosed  through  fiAy  parts  of  water,  containing  six  parts,  of  alom.  This  mixture  is  then 
tMiiled  for  one  quarter  of  an  hoar,  and  thrown  upon  a  filter  cloth  while  boiling  hot  The 
residuum  is  once  more  treated  with  a  little  warm  alum  water.  The  two  liquors  are  to 
be  mixed,  and  one  pait  of  sulphuric  acid  poured  into  them ;  when  they  are  allowed  to 
cool  witji  occasions]  agitation.  Flocks  now  make  their  appearance ;  the  clear  liquid  is 
decanted,  and  the  grounds  are  thrown  upon  a  filter.  The  precipitate  is  to  be  washed, 
first  with  acidulated  water,  then  with  pure  water,  and  dried,  when  the  coloring  matter 
is  obtained  in  a  red  or  purple  state.  This  purple  substance,  when  heated  dry,  gives  out 
alizarine,  and  an  empyreumatic  oil,  having  an  odor  of  animal  mattei ;  while  a  charcoally 
matter  remains. 

M.  Dan.  Kcechlin,  the  justly  celebrated  calico-printer  of  Mulhausen,  has  no  faith  in 
alixarine  as  the  dyeing  principle  of  madder ;  and  thinks  moreover  that,  were  it  of  value, 
it  could  not  be  extracted  on  the  great  scale,  on  account  of  the  destructive  heat  which 
would  result  £rom  the  acid  acting  upon  a  considerable  body  of  the  ground  madder.  Their 
alizarine  is  not  a  uniform  substance,  as  it  ought  to  be,  if  a  proximate  principle ;  for  sam- 
ples of  it  obtained  in  different  repetitions  of  the  process  have  produced  very  variable  ef- 
fects in  dyeing.  The  madders  of  Avignon,  though  richer  in  color  than  those  of  Alsace, 
afford  however  little  or  no  alizarine.  In  fact,  jmrp%rime,  the  crude  substance  from  which 
they  profess  Co  extract  alizarine,  is  a  richer  dye  than  this  pure  substance  itself. 

Madder  contains  so  beautiful  and  so  fast  a  color,  that  it  has  become  of  almost 
onxrersal  em]4oyment  in  dyeing;  but  that  color  is  accompanied  with  so  many  other 
substances  which  mask  and  degrade  it,  that  it  can  be  brought  out  and  fixed  only  aAer  a 
series  of  operations  more  or  less  difficult  and  precarious.  This  dye  is  besides  so  little 
soluble,  that  much/>f  it  is  thrown  away  in  the  dye-house ;  the  portion  supposed  to  be 
exhausted  being  often  as  rich  as  other  fresh  madder ;  hence  it  would  be  a  most  valuable 
improvement  in  this  elegant  art  to  insulate  this  tinctorial  body,  and  make  it  a  new  product 
of  manufacture. 

Before  the  time  of  Haussmann,  an  apothecary  at  Colmar,  the  madder  bath  was  subject 
to  many  risks,  which  that  skilful  chemist  taught  dyers  how  to  guard  against,  by  intro- 
ducing a  certain  quantity  of  chalk  into  the  bath.  A  change  of  residence  led  Haussman 
to  tlu5  fortunate  resulL  AAer  having  made  very  fine  reds  at  Rouen,  he  encountered 
the  greatest  obstacles  in  dyeing  the  same  reds  at  Logelbach  near  Colmar,  where  he  went 
to  live.  Numerous  trials,  undertaken  with,  the  view  of  obtaining  the  same  success  in 
his  new  establishment,  proved  that  the  cause  of  his  favorable  results  at  Rouen  existed  in 
tbe  water,  which  contained  carbonate  of  lime  in  solution,  whilst  the  water  of  Logelbach 
was  nearly  pure.  He  then  tried  a  factitious  calcareous  water,  by  adding  chalk  to  his 
dye  bath.  Having  obtained  the  most  satisfactory  results,  he  was  not  long  of  producing 
here  as  beautiful  and  as  solid  reds  as  he  had  done  at  Rouen.  This  practice  became 
soon  general  among  the  calico-printers  of  Alsace,  though  in  many  dye-works  the  chalk 
is  now  replaced  by  lime,  potash,  or  soda.  But  when  the  madder  of  Avignon  is  used, 
all  these  antacid  correctives  become  unnecessary,  because  it  contains  a  sufficient  quantity 
of  carbonate  of  lime;  an  important  fact  first  analytically  demonstrated  by  that  accurate 
chemist  M.  Henri  Schlumberger  of  Mulhausen.  Avignon  madder  indicates  the  pre- 
sence of  carbonate  of  lime  in  it,  by  effervescing  with  dilate  acids,  which  Alsace  madder 
does  not. 

M.  Kuhlman  found  a  free  acid  resembling  the  malic,  in  his  analysis  of  madders.  But 
his  experiments  were  confined  to  those  of  Alsace.  The  madders  of  Avignon  are  on  the 
contrary  alkaline,  as  may  be  inferred  from  the  violet  tint  of  the  froth  of  their  infusions ; 
whereas  that  of  the  Alsace  madders  is  yellowish,  and  it  strongly  reddens  litmus  paper. 
This  important  difference  Between  the  plants  of  these  two  districts,  depends  entirely  upon 
the  soil ;  for  madders  grown  in  a  calcareous  shelly  soil  in  Alsace,  have  been  found  to  be 
possessed  of  the  properties  of  the  Avignon  madder. 

The  useful  action  of  the  carbonate  and  the  phosphate  of  lime  in  the  madder  of  Avignon, 
explains  why  madders  treated  with  acids  which  remove  their  calcareous  salts,  without 
taking  away  their  coloring  matter,  lose  the  property  of  forming  fast  dyes.  Many  manu- 
fiutnrers  are  in  the  habit  of  mixing  together,  and  with  advantage,  different  sorttof  mad- 
der. That  of  Avignon  contains  so  much  calcareous  matter  that,  when  mixed  with  the 
madder  of  Alsace,  it  can  compensate  for  its  deficiency.  Some  of  the  latter  is  so  deficient 
as  to  afford  colors  nearly  as  fugitive  as  those  of  Brazil  wood  and  quercitron.  The  AJsace 
madders  by  the  addition  of  chalk  to  their  baths,  become  as  fit  for  dyeing  Turkey  reds  as 
those  of  Avignon.  When  the  water  is  very  pure,  one  part  of  chalk  ought  to  be  used  to 
five  of  Alsace  madder,  but  when  the  waters  are  calcareous,  the  chalk  should  be  omitted. 
Lime,  the  neutral  phosphate  of  lime,  the  carbonate  of  magnesia,  oxyde  and  carbonate  of 
sine,  and  several  other  substances,  have  the  property  of  causing  madder  to  form  a  fast 
dre,  in  like  manner  as  the  carbonate  of  lime.  ' 
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The  temperature  of  from  BGPto  W*R,  (145*  to  167*  F.),  h  the  besf  adspted  to  the 
•olntion  of  the  coloring  matter,  and  to  its  combination  with  the  mordants ;  and  thus  a 
boiling  heat  may  be  replaced  adTantageously  by  the  long  eontinuance  of  a  lower  tempera- 
ture. A  large  excess  of  the  dye-stuff  in  the  bath  is  unfavorable  in  two  points  of  ticw  ; 
it  causes  a  wasiie  of  coloring  matter,  and  renders  the  tint  didl»  It  is  injaiioiis  to  aOow 
the  bath  to  cool,  and  to  heat  it  again.  • 

In  a  memoir  published  by  the  Society  of  Mulhausen,  in  September,  1835,  some 
interesting  experiments  upon  the  growth  of  madders  in  factitious  soils  are  related  by 
MM.  Kcechlin,  Persoz,  and  Schlumberger.  A  patch  of  ground  was  prepared  contain- 
ing from  50  to  80  per  cent,  of  chalky  matter,  and  nearly  one  fifth  of  its  bulk  of  good 
horse-dung.  Slips  of  Alsace  and  Avignon  madders  were  planted  in  March,  1834,  and 
a  port  of  the  roots  were  reaped  in  November  following.  These  roots,  though  of  only  six 
months  growth,  produced  tolera))ly  fast  dyes,  nor  was  any  difference  observable  between 
the  Alsace  and  the  Avignon  species ;  whilst  similar  slips  or  cuttings,  planted  in  a  natural 
non-calcareous  soil,  alongside  of  the  others,  yielded  roots  whidi  gave  fugitive  dyes. 
Others  were  planted  in  the  sofl  of  Palud,  transported  from  Avignon,  which  eontahied 
more  than  90  per  cent,  of  carbonate  of  lime,  and  they  produced  roots  that  gave  still  faster 
dyes  than  the  preceding.  Three  years  are  requisite  to  give  the  full  calcareous  impregna- 
tion to  the  indigenous  madders  of  Avignon. 

As  to  the  function  of  the  chalk,  valuable  observations,  made  long  ago  by  M.  Danief 
Koechlin,  have  convinced  him,  that  the  combination  of  two  different  bases  with  a  coloring 
matter,  gave  much  more  solidity  to  the  dye;  in  consequence,  undoubtedly,  of  a  greater 
insolubility  in  the  compound.  Experiments  recently  made  by  him  and  his  colleagues 
above  named,  prove  that  in  all  cases  of  madder  dyeing  under  the  influence  of  chalk,  a 
certain  quantity  of  lime  becomes  added  to  the  aluminous  mordant.  \]n  the  subsequent 
clearing  with  a  soap  bath,  some  of  the  alnmine  is  removed,  and.  there  remains  upon  the 
fibre  of  the  cloth  a  combination  of  these  two  earths  in  atomic  proportions.  Thus  the 
chalk  is  not  for  the  purpose  of  saturating  the  acid,  as  had  been  supposed,  but  of  forming 
a  definite  compound  with  alumina,  and  probably  also  with  the  fatty  bodies,  and  the  color- 
ing matter  itself. 

The  red  mordants  .are  prepared  commonly  in  Alsace,  as  follows : — The  crushed  alum 
and  acetate  of  lead  being  weighed,  the  former  is  put  into  a  deep  tub,  and  dissolved  by 
adding  a  proper  quantity  of  hot  water,  when  about  one  tenth  of  its  weight  of  soda  crystals 
is  introduced  to  saturate  the  excess  of  acid  in  the  alum.  The  acetate  of  lead  is  now  mix- 
ed in  ;  and  as  tliis  salt  dissolves  very  quickly,  the  reaction  takes  place  almost  instantly. 
Care  must  be  taken  to  stir  for  an  hour.  The  vessel  should  not  be  covered,  lest  its  con- 
tents should  cool  too  slowly. 

The  difierent  mordants  most  generally  employed  for  madder,  are  detailed  under  Coton, 
in  Ca  LI  co-Printing  and  Mordant. 

Much  mordant  should  not  be  prepared  at  once,  for  sooner  or  later  it  will  deposite  some 
sub-acetate  of  alumina.-  This  decomposition  takes  place  even  in  corked  vials  in  the  cold ; 
and  the  precipitate  does  not  readily  dissolve  ai^ain  in  acetic  acid.  All  practical  men  know 
that  certain  aluminous  mordants  are  decomposed  by  heatin^hem,  and  restored  on  cooling, 
as  Gay  Lussac  has  pointed  out.  He  observed,  that  by  adding  to  pure  acetate  of  alumina, 
some  alum  or  sulphate  of  potash,  the  mixture  acquires  the  property  of  forming  a  precipi- 
tate with  a  heat  approaching  the  boiling  point,  and  of  re-dissolving  on  cooling.  'The  pre- 
cipitate is  alumina  nearly  pure,  according  to  M.  Gay  Lussac ;  but,  by  M.  Koechlin's  more 
recent  researches,  it  is  shown  to  be  sub-sulphate  of  alumina,  containing  eight  times  as 
much  base  as  the  neutral  sulphate. 

Madder  dye, — On  account  of  the  feeble  solubility  of  its  coloring  matter  in  water,  we 
cannot  dye  with  its  decoction  ;  but  we  must  boil  the  dye-stuff  along  with  the  goods  to  be 
dyed ;  whereby  the  water  dissolves  fresh  portions  of  the  dye,  and  imparts  it  in  succession 
to  the  textile  fibres.  In  dyeing  with  madder,  we  must  endeavor  to  fix  as  little  of  the  dnn 
matter  as  possible  upon  the  cloth. 

Dyeing  on  wool, — Alumed  wool  takes,  in  the  madder  bath,  a  red  color,  which  is  not 
so  bright  as  cochineal  red,  but  it  is  faster ;  and  as  it  is  far  cheaper,  it  is  much  used  in 
England%  dye  soldiers'  cloth.  A  mordant  of  alum  and  tartar  is  employed ;  the  bath  of 
madder,  at  the  rate  of  from  8  to  16  ounces  for  the  pound  of  cloth,  is  heated  to  such  a  de- 
gree that  we  can  just  hold  our  hand  in  it,  and  the  goods  are  then  dyed  by  the  wince,  with- 
out heating  the  bath  more  till  the  coloring  matter  be  fixed.  Vitalis  prescribes  as  a  mor- 
dant, one  fourth  of  alum,  and  one  sixteenth  of  tartar ;  and  for  dyeing,  one  third  of  madder, 
with  the  addition  of  a  24th  of  solution  of  tin  diluted  with  its  weight  of  water.  He  raises 
the  temperature  in  the  space  of  an  hour  to  200®,  and  aflerwards  he  boils  for  3  or  4  min* 
utes ;  a  circumstance  which  is  believed  to  contribute  to  the  fixation  of  the  color.  The 
bath,  af\er  dyeing,  appears  much  loaded  with  yellow  matter,  because  this  has  less  affinity 
for  the  alum  mordant  than  the  red.  Sometimes  a  little  archil  is  added  to  the  madder,  ts 
give  the  dye  a  pink  tinge ;  but  this  is  fugitive. 
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Silk  is  seldom  dyed  with  madder,  because  cochineal  afibrto  brighter  tints. 

Dyeing  on  cotton  and  linen, — ^The  most  brilliant  and  fastest  madder  red  is  the  Turkey  or 
Adrianople.  The  common  madder  reds  are  given  in  the  foUowing  way : — ^The  yam  or 
doth  is  boiled  in  a  weak  alkaline  bath,  washed,  dried,  and  galled,  by  steeping  the  cotton 
in  a  decoction  of  braised  galls  or  of  sumach.  After  drying,  it  is  twice  alumed ;  for  which 
purpose,  for  every  4  parts  of  the  goods,  one  part  of  alum  is  taken,  mixed  with  l-16th  of 
its  weight  of  chalk.  The  goods  are  dipped  into  a  warm  solution  of  the  alum,  wrung  out, 
dried,  and  alumed  afresh,  with  half  the  quantity.  The  acetate  of  alumina  mordant,  de- 
scribed above,  answers  much  better  than  common  alum  for  cotton.  After  the  goods  are 
dried  and  rinsed,  they  are  passed  through  the  dye-bath,  which  is  formed  of  |  lb.  of  good 
madder  for  every  pound  of  cotton ;  and  it  is  raised  to  the  boiling  point  by  degrees,  in  the 
space  of  50  or  60  minutes.  Whenever  the  ebullition  has  continued  a  few  minutes,  the 
goods  must  be  removed,  washed  slightly,  and  dyed  a  second  time  in  the  same  way,  with 
as  much  madder.  They  are  then  washed  and  passed  through  a  warm  soap  bath,  which 
removes  the  dun  coloring  matter. 

Holterhqff  prescribes  for  ordinary  madder  red  the  following  proportions : — 20  pounds 
of  cotton  yam ;  14  pounds  of  Dutch  madder;  3  pounds  of  nut-galls ;  5  pounds  of  alum ; 
to  which  i  lb.  of  acetate  of  lead  has  been  first  aidded,  and  tfien  a  quarter  of  a  pound  of 
chalk. 

In  the  calico-print  works  the  madder  goods  are  passed  through  a  bran  bath  first,  im- 
mediately after  dyeing ;  next,  after  several  days  exposure  to  the  air,  when  the  dun  dye  has 
become  oxydized,  and  is  more  easily  removed.  An  addition  of  chalk,  on  the  principles 
explained  above,  is  sometimes  useful  in  the  madder  bath.  If  bran  be  added  to  the  madder 
bath,  the  color  becomes  much  lighter,  and  of  an  agreeable  shade.  Sometimes  bran-water 
is  added  to  the  madder  bath,  instead  of  bran. 

Mrianople  or  Turkey  red, — ^This  is  the  most  complicated  and  tedious  operation  in  the 
art  of  dyeing ;  but  it  produces  the  fastest  color  which  is  known.  This  dye  was  discover- 
ed in  India,  and  remained  long  a  process  peculiar  to  that  country.  It  was  afterwards 
practised  in  other  parts  of  Asia  and  in  Greece.  In  1747,  Ferquet  and  Goudard  brought 
Greek  dyers  into  France,  and  mounted  near  Rouen,  and  in  Languedoc,  Turkey-red 
dye  works.  In  1765,  the  French  government,  convinced  of  the  importance  of  this 
biisiness,  caused  the  processes  to  be  published.  In  1808,  Reber,  at  Mariakirch,  furnish- 
ed the  finest  yam  of  this  dye,  and  M.  Kochlin  became  celebrated  for  his  Turkey-red 
doth. 

Proceu  for  Turkey-red. — ^The  first  step  consists  in  clearing  the  yam  or  cloth  in  alka- 
line baths,  and  dipping  them  in  oily  liquors,  to  which  sheep's  dung  was  formerly  added. 
This  operation  is  repeated  several  times,  the  goods  being  dried  after  each  immersion. 
There  next  follows  the  cleansing  with  alkaline  liqiibrn  to  remove  the  excess  of  oil,  the 
gallinsr,  the  aluming,  the  maddering,  the  brightening  or  removing  the  dun  part  of  the  dye 
by  boiling,  at  a  high  temperature,  with  alkaline  liqaki,  and  the  rosing  by  boiling  in  a  bath 
of  salt  of  tin.  We  shall  give  some  details  concerning  this  tedious  manipulation,  and 
the  difTerences  which  exist  in  it  in  the  principal  dye-works. 

At  Rouen,  where  the  procAs  was  first  brought  to  perfection,  two  methods  are  pursued, 
called  the  gray  and  the  yellow  course  or  march.  In  the  gray,  the  dye  is  given  immediately 
after  the  cotton  has  received  the  oily  mordant,  the  gall,  and  the  alum,  as  it  has  then  a 
gray  color.  In  the  yellow  course,  it  is  passed  through  fresh  oils,  alum,  and  galls  before 
the  maddering,  the  cotton  having  then  a  yellow  tint. 

Different  views  have  been  taken  of  the  principles  of  the  Turkey-red  dye,  and  the  ob- 
ject and  utility  of  the  various  steps.  The  most  ancient  notion  is  that  of  animalizing 
the  cotton  by  dung  and  blood,  but  experience  has  proved  that  without  any  animal  matter 
the  finest  color  may  be  obtained.  According  to  Dingier,  the  cotton  is  imbued  with  oil  by 
steeping  it  in  combinations  of  oil  and  soda ;  the  oil  is  altered  by  repeated  dryinsrs  at  a  hiirh 
temperature ;  it  attracts  oxygen  from  the  air,  and  thereby  combines  intimately  with  the 
cotton  fibre,  so  as  to  increase  the  weight  of  the  stuff.  The  dung,  by  a  kind  of  fermenta- 
tion, accelerates  the  oxydizement,  and  hence  cmde  oil  is  preferable  to  pure.  In  EnslanH, 
the  mucilaginous  oils  of  Gallipoli  are  preferred,  and  in  Malabar,  oils  more  or  less 
rancid.  The  drying  oils  do  not  answer.  The  subsequent  treatment  with  th^  alkaline 
liquors  removes  the  excess  of  oil,  which  has  not  been  oxydized  and  combined  ;  a  hard 
diying  completely  changes  that  which  remains  in  the  fibres ;  the  aluming  which  follows 
eombines  alumina  with  the  cotton ;  the  galling  tans  the  fibres,  producing  a  triple  com- 
pound of  oil  and  alum,  which  fixes  the  coloring  matter.  The  object  of  the  other  steps 
if  obvious. 

According  to  Wuttich,  the  treatment  with  oil  opens  the  cotton  so  as  to  admit  the  mor- 
dant and  the  coloring  matter,  but  the  oil  and  soap  do  not  combine  with  the  fibres* 
la  the  alkaline  batlM  which  follow,  the  oil  is  transformed  into  soap  and  removed; 
whoBce  the  cotton  should  not  increase  in  weight  in  the  galling  and  aluming  j  the  cotton 
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sofien  a  kind  of  tanning^  and  the  nliae  puU  of  the  blood  aaiiit  in  fixing  the 
dye. 

The  Otnrnm  proeeu  improwedy  aeooiding  to  Dingier,  eonaists  of  the  following  open- 
tions :  mordant  of  an  oilj  soap  or  a  soapy  liniment^  hard  drying;  alkaline  bath,  diTing, 
•teeping,  rinsing  away  of  the  nneombined  mordant,  drying;  galling^  dryii^^;  alnmiag^ 
^ying,  steeping  in  water  containing  chalk,  rinsing ;  mwMering,  airing,  rinsing ;  bright- 
ening with  an  alkaline  boil,  and  afterwards  in  a  bath  containing  salt  of  tin ;  then 
ing  and  drying. 

The  yarn  or  the  cloth  mast  be  first  well  worked  in  a  bath  of  sheep's  dnng  and  oil, 
pounded  as  follows: — 25  pounds  of  sheep's  dang  are  to  be  bruised  in  a  solntioa  of 
pure  caustic  potash  of  hydrometer  strength  3^,  and  the  mixed  liquor  is  to  be  passed 
through  a  sieve.  Two  pounds  of  fine  oil  are  now  to  be  poured  into  16  pounds  of  his  ley, 
softer  which  30  pounds  of  coarse  oil  are  to  be  added,  with  agitation  for  }  of  an  hoar. 
Other  4  pounds  of  hot  ley  are  to  be  well  stirred  in,  till  the  whole  is  homogeneous.  TVs 
proportion  of  mordant  is  sufficient  for  100  pounds  of  cotton  yam,  for  90  pounds  of  an- 
bleached  or  100  pounds  of  Ueached  cotton  goods.  The  cotton  stuff,  after  being  weH 
wrung  out,  is  to  be  laid  in  a  chest  and  covered  with  a  lid  loaded  with  weights,  in  irtoeh 
state  it  should  remain  for  fiv^days.  At  the  end  of  24  hours,  the  cotton  becomes  hot  with 
fermentation,  gets  imbued  with  the  mordant,  and  the  oil  becomes  rapidly  altered.  The 
goods  are  next  exposed  freely  to  the  air  during  the  day,  and  in  the  evening  they  are  dried 
in  a  hot  chamber,  exposed  to  a  temperature  of  159*  F.,  for  6  or  8  hours,  which  promotes 
the  oxydizement  of  the  oil. 

The  goods  are  now  passed  the  second  time  through  a  soapy-oil  mordant  similar  to  the 
first,  then  dried  in  the  air  by  day,  and  in  the  hot  stove  by  night.  The  third  and  fooith 
oil-soap  steeps  are  given  in  the  same  way,  but  without  the  dung.  The  fifth  steep  is  eom- 
posed  of  a  ley  at  2P,  after  which  the  goods  must  also  be  dried.  Indeed,  from  the  first  to 
the  fourth  steep,  the  cotton  stuff  should  be  put  each  time  into  a  chamber  heated  to  14if 
F.  for  12  or  15  hours,  and  during  18  hours  after  the  fifth  steep. 

The  uncombined  oil  must,  in  the  next  place,  be  withdrawn  by  the  (isgroicfogt,  irtoeh 
consists  in  steeping  the  goods  for  6  hours  in  a  very  weak  alkaline  ley.  After  rinsing  and 
wringing,  they  are  dried  in  the  air,  and  then  put  into  the  hot  stove. 

The  goods  are  now  gaDed  in  a  bath  formed  of  36  pounds  of  Sicilian  sumach,  boiled  fiv 
3  hours  in  260  pounds  of  water,  and  filtered.  The  residuum  is  treated  with  190  fieA 
pounds  of  water.  This  decoction  is  heated  with  12  pounds  of  pounded  nut-galls  to  the 
boiling  point,  allowed  to  cool  during  the  night,  and  used  next  morning  as  hot  as  the  hand 
can  bear ;  the  goods  being  well  worked  through  it.  They  are  again  dried  in  the  air,  and 
afterwards  placed  in  a  stove  moderately  heated.  They  are  next  passed  through  a  tepid 
alum  bath,  containing  a  little  chalk  \  left  afterwards  in  a  heap  during  the  night,  dried  in 
the  air,  and  next  in  the  stove.  The  dry  goods  are  finally  paned  through  hot  water  eon- 
taining  a  little  chalk,  wrung  out,  rinsed,  and  then  maddered. 

For  dyeing,  the  copper  is  filled  with  water,  the  fire  is  kindled,  and  an  ounee  and  a 
half  of  chalk  is  added  for  every  pound  of  madder ;  a  pound  and  a  quarter  of  madder 
being  taken  for  every  pound  of  cotton  yam.  The  goods  aremow  passed  through  the  bath, 
so  that  they  penetrate  to  near  its  bottom.  The  fire  must  be  so  regulated,  that  the  copper 
will  begin  to  boil  in  the  course  of  from  2i  to  3  hours ;  and  the  ebullition  must  be 
continued  for  an  hour;  after  which  the  yam  is  aired  and  rinsed.  Cloth  should  be  pot 
into  the  dye-bath  when  its  temperature  is  77*  and  wincfMi  at  a  heat  of  from  100^  to 
122°  daring  the  first  hour ;  at  167^  during  the  second ;  and  at  the  boiling  point  when  the 
third  hour  begins.  It  is  to  be  kept  boiling  for  half  an  hour ;  so  that  the  madderiag 
lasts  four  hours.  Dingier  does  not  add  sumach  or  galls  to  the  madder  bath,  becanse 
their  effect  is  destroyed  in  the  subsequent  brightening,  and  he  has  no  fiiith  in  the  ntilitj 
of  blood. 

After  being  dyed,  the  goods  are  washed,  pressed,  and  subjected  to  a  soapy  alkaline  bath 
at  a  high  heat,  in  a  close  boiler,  by  which  the  dun  parts  of  the  galls  and  the  madder  are 
dissolved  away,  and  the  red  color  remains  in  all  its  lustre.  This  operation  is  eaUed 
brightening.  It  is  repeated  in  a  similar  liquor,  to  which  some  muriate  of  tin  is  added  ftr 
the  purpose  of  enlivening  the  color  and  giving  it  a  rosy  tint.  Last  of  all,  the  goods  aie 
rinsed,  and  dried  in  the  shade. 

The  Elberf^  process  consists  for  100  lbs.  of  the  following  steps  r— 

1.  Cleaning  the  cotton  by  boiling  it  for  four  hours  in  a  weak  alkaline  bath,  cooling  aid 
rinsing. 

2.  Working  it  thoroughly  four  times  over  in  a  steep,  consisting  of  300  pounds  of  waler, 
15  pounds  of  potash,  1  pailful  of  sheep's  dung,  and  12j^  pounds  of  olive  oil,  in  which  it 
ihould  remain  during  the  night.  Next  day  it  is  drained  for  an  hour,  wrung  out  and  driad. 
This  treatment  with  the  dung  steep,  and  drying,  is  repeated  3  times. 

8.  It  is  now  woriced  in  a  bath  containing  120  quarts  of  water,  18  pounds  of  polail^ 
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and  6  quarts  of  oVtfe  ofi;  thca  wnmg  out  and  dried.    Tkis  steep  is  also  repeated  4 
times. 

4.  Steeping  for  a  night  in  the  river  is  the  neit  process ;  a  slight  rinsing  -without  wring- 
ingy  and  drying  in  the  air. 

5.  Bath  made  of  a  warm  decoction  (100^  F.)  of  sumach  and  nut-galls^  in  which  the 
goods  remain  during  the  night ;  they  ai^  then  strongly  wrung,  and  dried  in  the  air. 

6.  Aluming  with  addition  of  potash  and  chalk ;  wringing ;  working  it  well  through 
this  bath,  where  it  is  left  during  the  night. 

7.  Draining,  and  strong  rinsing  the  following  day;  piling  up  in  a  water  cistern. 

8.  Rinsing  repeated  nex|  day,  and  steeping  in  water  to  remove  any  excess  of  alum 
from  the  fibres ;  the  goods  continue  in  the  water  till  they  are  taken  to  the  dyeing-bath. 

9.  The  maddering  is  made  with  the  addition  of  blood,  sumach,  and  nut-galls ;  the  bath 
is  brought  to  the  boil  in  1  hour  and  {,  and  kept  boiling  for  half  an  hour. 

10.  The  yam  is  rinsed,  dried,  boiled  from  24  to  36  hours  in  a  covered  copper,  with  an 
oOy  alkaline  liquid ;  then  rinsed  twice,  laid  for  two  days  in  clear  water,  and  dried. 

1 1.  Finally,  the  greatest  brightness  is  obtained  by  boiling  for  three  or  four  hours  in  a 
soap  bath,  containing  muriate  of  tin ;  after  which  the  yam  is  rinsed  twice  over,  steeped 
in  water,  and  dried. 

Process  of  /faaMmaim.— He  treats  cotton  twice  or  4  times  in  a  solution  of  aluminated 
potash,  mixed  with  one  thirty-eighth  part  of  linseed  oiL  The  solution  is  made  by  adding 
caustic  potash  to  alum.  He  dries  and  rinses  each  time,  and  dries  after  the  last  operation. 
He  then  rinses  and  proceeds  to  the  miidder  bath.  For  the  rose  color,  he  takes  one  pound 
of  madder  for  one  pound  of  cotton ;  for  carmine  red,  he  takes  from  2  to  3  pounds ;  and 
for  the  deepest  red,  no  less  than  4  pounds.  It  is  said  that  the  color  thus  obtained  sur- 
passes Turkey  red. 

The  French  process^  by  Vitalis  of  Ronen. — First  operation.  Scouring  with  a  soda 
ley,  of  1^  Baum^,  to  which  there  is  usually  added  the  remainder  of  the  white  prepare* 
tion  bath,  which  consists  of  oil  and  soda  with  water.  It  is  then  washed,  wmng  out,  and 
dried. 

In  the  second  operation,  he  states  that  from  25  to  30  pounds  of  sheep's  dung  are 
commonly  used  for  100  pounds  of  cotton  yam.  The  dung  is  first  steeped  for  some  days 
in  a  ley  of  soda,  of  8°  to  10°  B.  This  is  afterwards  diluted  with  about  500  pints  of  a 
weaker  ley,  and  at  the  same  time  braised  with  the  hand  in  a  copper  basin  whose  bottom 
is  pierced  with  small  holes.  The  liquor  is  then  poured  into  a  va^  containing  5  or  6 
pounds  of  fat  oil  (Gallipoli),  and  the  whole  are  well  mixed.  The  cotton  is  ii^kshed  in 
this,  and  the  hanks  of  yarn  are  then  stretched  on  perches  in  the  open  air,  and  turned  from 
time  to  time,  so  as  to  make  it  dry  equably.  After  receiving  thus  a  certain  degree  of  de- 
siccation, it  is  carried  into  the  drying  house,  which  is  heated  to  50°  Reaumur  (14^ 
Fahrenheit),  where  it  loses  the  remainder  of  its  moisture,  which  would  have  prevented 
it  ft'om  combining  with  the  other  mordants  which  it  is  afterwards  to  receive.  What  is 
left  of  the  bath  is  called  avances,  and  is  added  to  the  following  bath.  Two,  or  even  three 
dung  baths  are  given  to  the  cotton,  when  it  is  wished  to  have  very  rich  colors.  When 
the  cotton  has  received  the  dung  baths,  care  must  be  taken  not  to  leave  it  lying  in  heaps 
for  any  length  of  time,  lest  it  should  take  fire;  an  accident  which  has  occasionally 
happened. 

The  white  bath  is  prepared  by  pouring  6  pounds  of  fat  oil  into  50  pints  of  soda  water, 
at  1^  or  iKimetimes  less,  according  as,  by  a  preliminary  trial,  the  oil  requires.  This  bath 
ought  to  be  repeated  two,  three,  or  even  a  greater  number  of  times,  as  more  or  less  body 
is  to  be  given  to  the  color. 

To  what  remains  of  the  white  bath,  and  which  is  also  styled  avances,  about  100  pints 
of  soda  ley  of  two  or  three  degrees  are  added.  Through  this  the  cotton  is  passed  as 
usnaL  Formerly  it  was  the  practice  to  give  two,  or  three,  or  even  four  oils.  Now,  two 
are  found  to  be  sufficient. 

The  cotton  is  steeped  for  five  or  six  hours  in  a  tepid  solution  of  soda,  of  1°  at  most ; 
it  is  set  to  drain,  is  then  sprinkled  with  water,  and  at  the  end  of  an  hour  is  washed,  hank 
1^  hank,  to  purge  it  entirely  from  the  oil.  What  remains  of  the  water  of  degraissage, 
serves  for  the  scouring  or  first  operatkin. 

For  100  pounds  of  cotton,  from  20  to  25  pounds  of  galls  in  sorts  must  be  taken,  which 
are  braised  and  boiled  in  about  100  pints  of  water,  till  they  cramble  easily  between  the 
fingers.  The  gaUing  may  be  done  at  two  operations,  dividing  the  above  quantity  of  galls 
between  them,  which  is  thought  to  give  a  richer  and  more  unifbrm  color. 

The  aluming  of  100  pounds  of  cotton  requires  ftrom  twenty-five  to  thirty  pounds 
of  pure  alum,  that  is,  alum  entirely  free  from  ferraginous  salts.  The  alum  should 
be  dissolved  without  boiling,  in  about  100  pints  of  river  or  rain  water.  When  the 
atom  is  dissolved,  there  is  to  be  poured  in  a  solution  of  soda,  made  with  the  sixteenth 
part  of  the  weight  of  the  alum.  A  second  portion  of  the  alkaline  solution  must  not 
be  poured  in  tUl  the  effenrescenee  caused  by  the  first  portion  has  entirely  ceased    and 


796  MAIM)ER. 

80  in  iiiccession.  The  bath  of  saturated  alnm  being  merely  tepid,  the  eotton  is 
through  it,  as  in  the  g^  bath,  so  as  to  impregnate  it  well,  and  it  is  dried  with  the  pre- 
cautions recommended  above.  The  dyers  who  gall  at  two  times,  alum  also  twice,  fa 
like  reasons. 

For  25  pounds  of  cotton,  25  pints  of  blood  are  prescribed,  and  400  pints  of  water. 
Whenever  the  bath  begins  to  warm,  50  pounds  of  madder  are  diffused  through  the 
bath ;  though  sometimes  the  maddering  is  given  at  two  operations,  by  dividing  the  mad- 
der into  two  portions. 

The  brightening  bath  is  prepared  always  for  100  pounds  of  cotton,  with  from  ibor  to 
five  pounds  of  rich  oil,  six  pounds  of  Marseilles  white  soap,  and  600  litres  of  soda  water 
of2»B. 

The  rosing  is  given  with  solution  of  tin,  mixed  with  soap  water. 

The  Turkey-red  dye  of  Messrs.  Monteith  and  Co.,  of  Glasgow,  is  celebrated  all  over 
the  world,  and  merits  a  brief  description  here. 

The  calico  is  taken  as  it  comes  from  the  loom  without  bleaching,  for  the  natural  color 
of  the  cotton  wool  harmonizes  well  with  the  dye  about  to  be  given ;  it  is  subjected  to  a 
fermentative  steep  for  24  hours,  like  that  preliminary  to  bleaching,  after  which  it  is  wash- 
ed at  the  dash  wheel.  It  is  then  boiled  in  a  ley,  containing  about  1  pound  of  soda  crys- 
tals for  12  pounds  of  cloth.  The  oiling  process  now  begins.  A  bath  is  made  with  10 
gallons  of  Gallipoli  oil,  15  gallon  measures  of  sheep's  dung  not  indurated ;  40  gallons  of 
solution  of  soda  crystals,  of  1*06  specific  gravity  ;  10  gallons  of  solution  of  pearl-ash  of 
spec.  grav.  1*04 ;  and  140  gallons  of  water ;  constituting  a  milk-white,  soapy  solution  of 
about  spec.  grav.  1*022.  This  liquor  is  put  into  a  large  cylindrical  vat,  and  constantly 
agitated  by  the  rotation  of  wooden  vanes,  which  are  best  constructed  on  the  plan  of  the 
mashing  apparatus  of  a  brewery,  but  far  ^ghter.  This  saponaceous  compound  is  let  off 
as  wanted  by  a  stopcock  into  the  trough  of  a  padding  machine,  in  order  to  imbue  every 
fibre  of  the  cloth  in  its  passage.  This  impregnation  is  still  more  fully  ensured  by  laying 
the  padded  cloth  aside  in  wo^en  troughs  during  16  or  18  days.  The  sheep's  dung  has 
been  of  late  years  disused  by  many  Turkey-red  dyers,  both  in  England  and  France,  but  it 
is  found  to  be  advantageous  in  producing  the  very  superior  color  of  the  Glasgow  estab- 
lishment. It  is  supposed,  also,  to  promote  the  subsequent  bleaching  during  the  exposure 
on  the  green ;  which  is  the  next  process  in  favorable  weather,  but  in  bad  weather  the 
goods  are  dried  over  a  hot-flue. 

The  cloth  is  padded  again  with  the  saponaceous  liquor ;  and  again  spread  on  the  grasi^ 
or  dried  hard  in  the'  stove.  This  alternation  is  repeated  a  third  time,  and  occasionally, 
even  a  fourth. 

The  cloth  by  this  time  is  varnished  as  it  were  with  oil,  and  must  be  cleansed  in  a  cer- 
tain degree  by  being  passed  through  a  weak  solution  of  pearl-ash,  at  the  temperature  of 
about  122°  F.     It  is  then  squeezed  by  the  rollers  and  dried. 

A  second  system  of  oiling  now  commences,  with  the  following  liquor : — 10  gallons 
of  Gallipoli  oil ;  30  gallons  of  soda  cr>'stals  ley,  of  spec.  grav.  1*06 ;  and  10  galiotts  of 
caustic  potash  ley,  of  specific  gravity  1*04,  thoroughly  diffused  through  170  gallons  of 
water.  With  this  saponaceous  liquor  the  cloth  is  padded  as  before,  and  then  passed  be- 
tween squeezing-rollers,  which  return  the  superfluous  liquor  into  the  padding-trough. 
The  cloth  may  be  now  laid  on  the  grass  if  convenient ;  but  at  any  rate  it  must  be  hard 
dried  in  the  stove. 

These  saponifying,  grassing,  and  drying*  processes,  are  repeated  three  times ;  whereby 
the  cloth  becomes  once  more  very  oleaginous,  and  must  be  cleansed  again  by  steeping 
in  a  compound  ley  of  soda  crystals  and  pearl-ash  of  the  spec.  grav.  1*012,  at  the  tempera- 
ture of  122°.  The  cloth  is  taken  out,  squeezed  between  roUers  to  save  the  liquor,  and 
washed.  A  considerable  portion  of  the  mingled  alkalis  disappear  in  this  operation,  as  if 
they  entered  into  combination  with  the  oil  in  the  interior  of  the  cotton  filaments.  The 
doth  is  now  hard  dried. 

Goi/tflg  is  the  next  great  step  in  the  Turkey-red  preparation ;  and  for  its  success  all  tilie 
oil  should  have  been  perfectly  saponified. 

From  18  to  20  pounds  of  Aleppo  galls  (for  each  100  lbs.  of  cloth)  are  to  be  bruised 
and  boiled  for  3  or  4  hours,  in  25  gallons  of  water,  till  5  gallons  be  evaporated ;  and 
the  decoction  is  to  be  then  passed  through  a  scarce.  Two  pounds  of  sumach  may  be 
substituted  for  every  pound  of  galls.  The  goods  must  be  well  padded  with  this  decoction, 
kept  at  90°  F.,  passed  through  squeezing-rollers,  and  dried.  Tliey  are  then  passed  through 
a  solution  of  alum  of  the  spec.  grav.  1*04,  to  which  a  certain  portion  of  chalk  is  added  to 
saturate  the  acid  excess  of  that  supersalt ;  and  in  this  cretaceous  mixture,  heated  to  1 10*, 
the  cloth  is  winced  and  steeped  for  12  hours.  It  is  then  passed  between  squeezing-rollers, 
ftttd  dried  in  the  stove. 

The  maddering  comes  next. 

From  two  to  three  pounds  of  madder,  ground  to  powder  in  a  proper  mill,  arc  taken 
ihr  every  pound  of  dioth.    The  cloth,  as  usual  in  maddering,  is  entered  into  the  cold 
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bathy  and  vineed  hf  Uie  automatic  reel  dniing  one  hour  that  the  bath  takes  to  boil»  and 
during  an  ebullition  of  two  honn  afterwards.  One  gallon  of  bolloek's  blood  is  added  to 
the  eM  bath  for  erery  25  pounds  of  cloth ;  being  the  quantitj  operated  upon  in  one  bath. 
The  ntility  of  the  blood  in  improving  the  color  has  been  ascribed  to  its  coloring  particles ; 
but  it  is  more  probably  owing  to  its  albominons  matter  combining  with  the  margarates  of 
soda  and  potash  condensed  in  the  fibres. 

As  madder  contains  a  dingy  brown  coloring  matter  associated  with  the  fine  red,  the 
goods  must  be  subjected  to  a  clearing  process  to  remove  the  former  tinge,  which  is  more 
fogitive  than  the  latter.  Every  hundred  pounds  of  cloth  are  therefore  boiled  during  12 
hours  at  least,  with  water  containing  5  pounds  of  soda  crystals,  8  pounds  of  soap,  and 
16  gallons  of  the  residual  pearl-ash  and  soda  ley  of  the  last  cleansing  operation.  By  this 
powerful  means  the  dun  matter  is  well  nigh  removed ;  but  it  is  completely  so  by  a  second 
boil,  at  a  heat  of  250^  F.,  in  a  tight  globular  copper,  along  with  5  pounds  of  soap,  and  1 
pound  of  muriate  of  tin  crystals,  dissolved  in  a  sufficient  body  of  water  for  100  pounds 
of  cloth.  The  muriate  of  tin  serves  to  raise  the  madder  red  to  a  scarlet  hue.  A  mar- 
garate  of  tin  is  probably  fixed  upon  the  cloth  in  this  operation. 

When  the  weather  permits,  the  goods  should  be  now  laid  out  for  a  few  days  on  the 
grass.  Some  manufacturers  give  them  a  final  brightening  with  a  weak  bath  of  a  chloride 
of  lime ;  but  it  is  apt  to  impoverish  the  color. 

According  to  the  latest  improvements  of  the  French  dyers,  each  of  the  four  processes 
of  oiling,  mordanting,  dyeing,  and  brightening  diflfers,  in  some  respects,  from  the 
above. 

1.  Their  first  step  is  boiling  the  cloth  for  four  hours,  in  water  containing  one  pound  of 
soap  for  every  four  pieces.  Their  saponaceous  bath  of  a  creamy  aspect  is  used  at  a  tem- 
perature of  75°  F. ;  and  it  is  applied  by  the  padding  machine  6  times,  with  the  grassing 
and  drying  alternations.  In  winter,  when  the  goods  cannot  be  exposed  on  the  grass,  no 
less  than  12  alternations  of  the  saponaceous  or  white  bath  are  employed,  and  8  in  spring. 
They  consider  the  action  of  the  sun-beams  to  aid  greatly  in  brightening  this  dye ;  but  at 
midsummer,  if  it  be  continued  more  than  4  hours,  the  scarlet  color  produced  begins  to  be 
Impaired. 

Thev  conceive  that  the  oiling  operation  impregnates  the  fibres  with  super-margarate  of 
potash  or  soda,  insoluble  salts  which  attract  and  condense  the  alumina,  and  the  red  color- 
ing particles  of  the  madder,  so  firmly  that  they  can  resist  the  clearing  boil. 

2.  Their  second  step,  the  mordanting,  consists  first  in  padding  the  pieces  through  a  de- 
coction of  galls  mixed  with  a  solution  of  an  equal  weight  of  alum ;  and  aAer  drying  in 
the  hot-flue,  &.C.,  again  padding  them  in  a  solution  of  an  acetate  of  alumina,  made  by 
decomposing  a  solution  of  16  Ibis,  of  alum  with  16  lbs.  of  acetate  of  lead,  for  6  pieces  of 
doth,  each  32  aunes  long. 

3.  The  maddering  is  given  at  two  successive  operations ;  with  4  pounds  of  Avignon 
madder  per  piece  at  each  time. 

4.  The  brightening  is  performed  by  a  12  hours'  boil  in  water  with  soda  crystals,  soap, 
and  salt  of  tin  ;  and  the  rosing  by  a  10  hours'  boil  with  soap  and  salt  of  tin.  Occasion- 
ally, the  goods  are  passed  through  a  weak  solution  of  chloride  of  potash.  When  the  red 
has  too  much  of  a  crimson  cast,  the  pieces  are  exposed  for  two  days  on  the  grass,  which 
gives  them  a  bright  scarlet  tint. 

Process  of  M.  Werdet  to  dye  broadcloth  and  wool  by  madder : — 

^  Preparation  for  24  pounds  of  scoured  wool : 

**  Take  4}  pounds  of  cream  of  tartar,  4}  pounds  of  pure  alum ;  boil  the  wool  gently 
for  2  hours,  transfer  it  into  a  cool  place,  and  wash  it  next  day  in  clear  water. 

*' Dyeing. — 12  pounds  of  Avignon  madder,  infused  half  an  hour  at  30^  R.  (100°  F.) 
Put  into  the  bath  1  pound  of  muriate  of  tin,  let  the  color  rose  for  three  quarters  of  an 
hour  at  the  same  heat,  and  drain  or  squeeze  the  madder  through  canvass.  The  whole  of 
the  red  dye  wiU  remain  upon  the  filter,  but  the  water  which  has  passed  through  will  be 
as  deep  a  yellow  as  a  weld  bath.  The  boiler  with  the  dye  must  now  be  filled  up  with 
clear  river  water,  and  heated  to  100°  F.  Two  ounces  of  the  solution  of  the  tartar  and 
alum  must  be  poured  into  it,  and  the  wool  must  be  turned  over  in  it  for  an  hour  and  a 
half,  while  the  heat  is  gradually  raised  to  the  boiling  point.  The  wool  is  then  removed 
and  washed.    It  must  be  rosed  the  following  day. 

"  Rosing, — Dissolve  in  hot  water  1  pound  of  white  Marseilles  soap  ;  let  the  bath  cool, 
and  pass  the  wool  through  it  till  it  has  acquired  the  desired  shade ;  15  or  20  minutes  are 
sufficient.    On  coming  out  of  this  bath  it  should  be  washed. 

«  Solution  of  deuto-muriate  of  tin : — 

^  2  ounces  of  pure  muriatic  acid ;  4  drachms  of  pure  nitric  acid ;  1  ounce  of  distilled 
water.  Dissolve  in  it,  by  small  portions  at  a  time,  2  drachms  of  grain  tin,  in  a  large 
bottle  of  white  glass,  shutting  it  after  putting  in  the  tin.  This  solution  may  be  preserved 
lor  years,  without  losing  its  virtue." 

I  have  inserted  this  process,  as  recently  recommended  by  the  French  ministet  ^  ^onSi- 
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meroe,  and  published  hf  If.  Ponillet  in  vol.  L  of  his  Portefenille  Indnstiidy  to  show  what 
facial  importance  is  sometimes  given  by  oar  neighbors  to  the  most  frindoiia  thinga. 

Madders  imported  for  home  consomption.  Oroes  amoont  of  Daty  paid  io 

1836.  1837.  1836.  1837. 

Cwts.  106,172         I      cwto.  79,228         |  £10^10     |  £8.061 

• 

MADR£POR£S  are  calcareous  incrustations  produced  by  polypi  contained  in  cells  of 
greater  or  less  depth,  placed  at  the  surface  of  calcareous  ramifications,  which  are  fixed  at 
Uieir  base,  and  perforated  with  a  great  many  pores.  The  mode  of  the  increase,  repro- 
duction, and  death  of  these  animsils  is  still  unknown  to  naturalists.  Living  madreposes 
are  now-a-days  to  be  observed  only  in  the  South  American,  the  Indian,  and  Uie  Red  aeas; 
but  although  their  polypi  are  not  found  in  our  climate  at  present,  there  can  be  do  doalt 
of  their  having  existed  in  these  northern  latitudes  in  former  times,  since  fonQ  madrepofcs 
occur  in  both  the  older  and  newer  secondary  strata  of  Europe. 

MAGISTERY  is  an  old  chemical  term  to  designate  white  pnlvemknt  sabataneei^ 
spontaneously  precipitated  in  making  certain  metallic  solutions;  as  magistery  cf 
bismuth. 

MAGISTRAL,  in  the  language  of  the  Spanish  smelters  of  Mexico  and  Sonfii 
America,  is  the  roasted  and  pulverized  copper  pyrites,  which  is  added  to  the  ground 
ores  of  silver  in  their  patio,  or  amalgamation  magma,  for  the  purpose  of  decomposiiK 
the  horn  silver  present.  See  Silver,  for  an  account  of  this  curious  process  at 
redaction. 

MAGMA  is  the  generic  name  of  any  crude  mixture  of  mineral  or  organic  matters,  in 
a  thin  pasty  state. 

MAGNANIER  is  the  name  given  in  the  southern  departments  of  France  to  the  pro- 
prietor of  a  nursery  in  which  silk-worms  are  reared  upon  the  great  scale,  or  to  the  manager 
of  the  establishment.  The  word  is  derived  from  magnant,  which  signifies  silk'^worms  ii 
the  language  of  the  country  people.     See  Silk.  • 

MAGNESIA  (Eng.  and  Fr. ;  Bittererde,  Talkerde,  Germ.)  is  one  of  the  primitive 
earths,  first  proved  by  Sir  H.  Davy  to  be  the  oxyde  of  a  metal,  which  he  called  mog- 
iie«tttm.  It  is  a  fine,  light,  white  powder,  without  taste  or  smell,  which  requires  6150 
parts  of  cold  water  and  no  less  than  36,000  parts  of  boiling  water  for  its  solution.  Its 
specific  gravity  is  2-3.  It  is  fusible  only  by  the  heat  of  the  hydroxygen  blowpipe.  A 
natural  hydrate  is  said  to  exist  which  contains  30  per  cent,  of  water.  Magnesia  changes 
the  purple  infusion  of  red  cabbage  to  a  bright  green.  It  attracts  carbonic  acid  (hun  the 
air,  but  much  more  slowly  than  quicklime.  It  consists  of  61*21  parts  of  metallie  bastt^ 
and  38*79  of  oxygen ;  and  has,  therefore,  20  for  its  prime  equivalent  upon  the  hydrogen 
scale.  Its  only  employment  in  the  arts  is  for  the  purification  of  fine  oU,  in  the  prepara- 
tion of  varnish. 

Magnesia  may  be  obtained  by  precipitation  with  potash  or  soda,  froifi  its  sulphate^ 
commonly  called  Epsom  salt ;  but  it  is  usually  procured  by  calcining  the  artificial  or 
natural  carbonate.  The  former  is,  properly  speaking,  a  subcarbonate,  consisting  of  44-69 
magnesia,  35*86  carbonic  acid,  and  19*4d  water.  It  is  prepared  by  adding  to  the  solution 
of  the  sulphate,  or  the  muriate  (the  bittern  of  sea-salt  evaporation  works),  a  solution  of 
carbonate  of  soda,  or  of  carbonate  of  ammonia  distilled  from  bones  in  iron  cylinders. 
The  sulphate  of  magnesia  is  generally  made  by  acting  upon  magnesian  limestone  with 
■somewhat  dilute  sulphuric  acid.  The  sulphate  of  lime  precipitates,  while  the  sulphate 
of  magnesia  remains  in  solution,  and  may  be  made  to  crystallize  in  quadrangular  prisms^ 
by  suitable  evaporation  and  slow  cooling.  Where  muriatic  acid  may  be  had  in  profusioB 
for  the  trouble  of  collecting  it,  as  in  the  soda  works  in  which  sea  salt  is  decomposed  by 
sulphuric  acid,  the  magnesian  limestone  should  be  first  acted  upon  with  as  much  of  the 
former  acid  as  will  dissolve  out  the  lime,  and  then,  the  residuum  being  treated  with  the 
latter  acid,  will  afibrd  a  sulphate  at  the  cheapest  possible  rate ;  from  which  magnesia  and 
idl  its  other  preparations  may  be  readily  made.  Or,  if  the  equivalent  quantity  of  calcined 
magnesian  limestone  be  boiled  for  some  lime  in  bittern,  the  lime  of  the  former  will  dis- 
place the  magnesia  from  the  muriatic  acid  of  the  latter.  This  is  the  most  economical 
process  for  manufacturing  magnesia.  The  subcarbonate,  or  magnma  alba  of  the  apoth- 
ecary, has  been  proposed  by  Mr.  E.  Davy  to  be  added  by  the  bcdcer  to  damaged  flour,  to 
counteract  its  acescency. 

MAGNESIAN  LIMESTONE  (Dolomie,  Fr. ;  Bittertatk,  TaOcspath,  Germ.)  is  a  mm- 
eral  which  crystallizes  in  the  rhombohedral  system.  Spec.  grav.  2*86 ;  scratches  cale- 
apar ;  does  not  fall  spontaneously  into  powder,  when  calcined,  as  common  limestone  does. 
It  consists  of  1  prime  equivalent  of  carbonate  of  lime  =  50,  associated  with  1  of  carbon- 
ate of  magnesia  =  42. 

Mastive  mapiesian  limestone,  is  yellowish-brown,  cream  yellow,  and  yellowish-gray  | 
brittle.   It  dissolves  slowly  and  with  feeble  efifenrescence  in  dilate  muriatic  add  {  whtnct 
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It  It  esDed  Cakakt  k$U  dohmU  hf  the  Freneh  miiienlogistf.  Specific  grtrity  2*6 
to  2-7. 

Near  Sunderland,  it  is  fonnd  in  flexible  slabs.  The  principal  range  of  hills  com- 
posing this  geological  formation  in  England  extends  from  Sunderland  on  the  northeast 
coast  to  Nottingham,  and  its  beds  are  described  as  being  about  800  feet  thick  on  the  east 
of  the  coal  field  in  Derbyshire,  which  is  near  its  southern  extremity.  On  the  western 
side  of  the  Cumberland  mountains  magnesian  limestone  overlies  the  coal  measures  near 
Whitehaven.  The  stratification  of  thu  rock  is  very  distinct,  the  individual  courses  of 
atone  not  exceeding  in  general  the  thidnieas  of  a  coosmoa  brick. 

The  lime  resulting  from  the  calcination  of  magnesian  limestone  appears  to  have  an 
injorions  action  on  vegetation,  unless  applied  in  quantities  considerably  less  than  com- 
Bion  lime,  when  it  is  found  to  fertilize  the  soil.  Afler  two  years,  its  hurtful  influence 
on  the  ground  seems  to  become  exhamted,  even  when  used  in  undue  quantity.  Great 
quantities  of  it  are  annually  brought  from  Sunderland  to  Scotland  by  the  Fifeshire 
larmers,  and  employed  beneficiaUy  by  them  as  a  manure,  in  preference  to  other  kinds 
of  lime.  It  has  been  unfairly  denounced^  by  Mr.  Tennent  and  Sir  H.  Davy,  as  a 
aterilizer. 

This  rock  is  used  in  many  places  for  building;  indeed,  our  most  splendid  monument  of 
Gothic  architecture,  York  Minster,  is  constructed  of  magnesian  limestone. 

MAGNESIA,  NATIVE  (Brudie;  CMr-^nagnuieny  Fr.;  Watserialky  Germ.),  is  a 
white,  lamdlar,  pearly-looking  mineral,  soft  to  the  touch.  Spec.  grav.  2-336;  tender; 
scratched  by  ealc-spar ;  afibrding  water  by  calcination ;  leaving  a  white  substance  which 
Invwns  turmeric  paper;  and,  by  calcination  with  nitrate  of  cobalt,  becoming  of  a 
lilach  hue.  It  consists  of  69*75  magnesia,  and  30*25  water.  It  occurs  in  veins  in  the 
serpentine  at  Hoboken,  in  New  Jersey,  as  also  at  Swinaness,  in  the  island  of  Unst, 
Shetland.    

MAGNESTTE,  Giobertiie ;  native  carbonate  of  magnesia  occurs,  in  white,  hard,  stony 
masses,  in  the  presidency  of  Madras,  and  in  a  few  other  localities.  It  dissolves  very 
slowly  in  muriatic  acid,  and  gives  out  carbonic  acid  in  the  proportion  of  22  parts  by 
weight  to  42  of  the  mineral,  according  to  my  experiments,  and  is  therefore  an  atomic  car- 
bonate. It  forms  an  excellent  and  beautiful  mortar  cement  for  terraces ;  a  purpose  to 
.which  it  has  been  beneficially  applied  in  India  by  Dr.  Macleod. 

MAGNET,  NATIVE,  is  a  mineral  consisting  of  the  protoxyde  and  peroxyde  of  iron 
eombined  in  equivalent  proportions.    See  laoN. 

MAHALEB.  The  fruit  of  this  shrub  affords  a  violet  dye,  as  well  as  a  fermented 
liquor  like  Kirfchwuter.    It  is  a  species  of  cherry  cultivated  in  our  gardens. 

MALACHITE,  or  mountain  greeny  is  native  carbonate  of  copper  of  a  beautiful  green 
color,  with  variegated  radiations  and  tones ;  spec.  grav.  3*5 ;  it  scratches  calc-spar,  but 
not  fluor ;  by  calcination  it  afibrds  water  and  turns  black.  Its  solution  in  the  acids  de- 
posites  copper  upon  a  plate  of  iron  plunged  into  it.  It  consists  of  carbonic  acid  18*5 ; 
deutoxyde  of  iopper  72*2 ;  water  9*3. 

MALATES  are  saline  compounds  of  the  bases,  with 

MALIC  ACID.  {jScide  maliqne^  Fr. ;  JepfeUaure,  Germ.)  This  acid  exists  in  the 
juices  of  many  fruits  and  plants,  alone,  or  associated  with  the  citric,  tartaric,  and  oxalic 
mcids ;  and  occasionally  combined  with  potash  or  lime.  Unripe  apples,  sloes,  barberries, 
the  berries  of  the  mountain  ash,  elder  berries,  currants,  gooseberries,  strawberries,  rasp- 
berries, bilberries,  brambleberries,  whortlebories,  cherries,  ananas,  aflford  malic  acid; 
the  house-leek  and  purslane  contain  the  malate  of  lime. 

The  acki  may  be  obtained  most  conveniently  from  the  juice  of  the  berries  of  the  moun- 
tain ash,  or  barberries.  This  must  be  clarified,  by  mixing  with  white  of  egg,  and  heating 
the  mixture  to  ebullition;  then  filtering,  digesting  the  clear  liquor  with  carbonate  of 
lead,  till  it  becomes  neutral ;  -and  evaporating  the  saline  solution,  till  crystals  of  malate 
f£  lead  be  obtained.  These  are  to  be  washed  with  cold  water,  and  purified  by  re-crys- 
talliiation.  On  dissolving  the  white  salt  in  water,  and  passing  a  stream  of  sulphureted 
hydrogen  through  the  solution,  the  lead  will  be  all  separated  in  the  form  of  a  sulphuret, 
and  the  liquor,  after  filtration  and  evaporation,  vrill  yield  yellow  granular  crystals,  or 
cauliflower  concretions,  of  malic  acid,  which  may  be  blanched  by  re-dissolution  and 
digestion  with  bone-black,  and  re-crystallization. 

Malic  acid  has  no  smeU,  but  a  very  sour  taste,  deliquesces  by  absorption  of  moisture 
from  the  air,  is  soluble  in  alcohol,  fbsies  at  150^  Fahr.,  is  decomposed  at  a  heat  of  348^ 
and  aflbrds  by  distillation  a  peculiar  acid,  the  pyromalic.  It  consists  in  100  parts,  of 
41*47  carbon;  3*51  hydrogen;  and  55*02  oxygen;  having  nearly  the  same  composition 
as  citric  acid.  A  crude  malic  acid  might  be  economically  extracted  from  the  fruit  of  the 
mountain  ash,  applicable  to  many  purposes ;  but  it  has  not  hitherto  been  manufkctured 
vpon  the  great  scale. 

BIALLEABILITY  is  the  property  belonging  to  certain  metals,  of  being  extended  un- 
der the  hammer.    A  table  of  malleability  is  given  in  the  article  Dxtctiutt. 
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HALT  (Eng.  and  Tt.  ;  Wall,  Oerm.)  n  badey-con,  wUeh  hu 
•rtiflcnl  proceia  of  gciminalion.    See  Beer. 
Table  of  the  Quantilf  or  Malt  conaumed  by  the  undei 

Vicinilr,  from  October  10,  183li,  to  October  10, 1837. 


Brewcn  of  Loadom  aal 


B»,.™. 

«~- 

«"■ 

Barclay  and  C. 

lOOOOd 

Jones 

956 

HnnbniT  and  Co, 

827S8 

UHonl  and  Oldenb-w 

953 

WhIlbrcsJ  and  Co.      - 

4T0I2 

Bio«,B.     . 

943 

Scij  aad  Co.  - 

J3B4S 

In^. 

900 

CcHnbe  and  Co. 

40366 

lt«p             .             .             . 

86« 

Honre  and  Co. 

32317 

Soulby 

861 

Calrert  and  Co. 

32335 

Clarke,  R.  - 

834 

Meu.  and  Co. 

30575 

Jenner 

833 

Elliol  and  Co. 

24154 

Manvcll       ■ 

824 

Taylor  and  Co. 

33556 

M'Leodi      ■ 

830 

Cbarrinston  and  Co.    - 

18844 

799 

Thome  and  Son 

l&)04 

Addi*Mi     - 

T68 

Gardner 

15256 

Tum«r        -           .           - 

766 

15227 

Holt 

756 

J.  &C.Godmg(UiaoDt]ia>   • 

14023 

Chni^h 

742 

Sriehena 

98«3 

Clarke, a    - 

741 

Coara([e  and  Co. 

9284 

Mann,  Joel - 

733 

Wood  and  Co. 

7834 

Turner         - 

712 

Oodin,,  TlH* 

7095 

Manldl       . 

693 

Hazard 

6674 

Lock           -           .           - 

^t 

Mann,  Ja>.      • 

6588 

Hood 

649 

HaiTO,  Thos.  - 

6042 

Pink,  A.      - 

636 

Mors  .            .            -            - 

6025 

CoUini 

99S 

M'Leod,  B.      - 

4960 

Wright        . 

688 

Farrcn  and  TiU 

4783 

Wert             -             .             . 

565 

Manners  and  Co. 

4652 

Abbott 

560 

Hale.  Georae  - 

4547 

Hell  (6  monthi)      . 

652 

Haltbni  and  Topham    - 

3786 

WelU 

620 

Slain;  and  Fol 

5783 

HiTin 

476 

Laraonl  and  Co. 

3600 

Harris,  Robt. 

470 

La^ton 

3583 

Woodward  - 

462 

Richmond 

3174 

Wicki         ... 

441 

Maynnrd 

3133 

Bell     -        .           .          « 

440 

M'Lcod  and  TbompioD 

2834 

ThomF«)n  - 

406 

Tubb  -            .            -            . 

2826 

Matlam       - 

400 

Johnson  and  Wyalt     - 

2809 

M'Intodj     - 

397 

Duaean  and  Co. 

2665 

Thurlbj'      ... 

393 

Hndimon 

2400 

Griffiths      . 

391 

Sherbom  and  Co. 

2347 

Kay             ... 

360 

Griffith 

2221 

Tidman       - 

33S 

Co%,  John        - 

2151 

Lindaay       - 

326 

1914 

Cooper        ... 

315 

Hiil  and  Rice  - 

1853 

Weal 

806 

GniT  and  Dacr« 

1760 

Carpenter   ■-            .           . 

S99 

Plimmer 

1747 

Green 

292 

1737 

Chapman     - 

286 

Terey,  W.  and  C. 

iB73 

Brace 

266- 

Williamson  andCo.     • 

1566 

Clark 

248 

Honeyball        - 

1512 

AUen 

24S 

SalcheU  and  Son 

1441 

Powditch     . 

23S 

CUrke,C.       . 

1330 

Gamett       .           .           - 

232 

Colj-er 

1299 

Hill 

222 

Filiner  and  Wall 

1298 

Olley 

214 

NichoUs  and  Co. 

1240 

w«i          .          .          . 

206 

HBBon 

1143 

Bye             ... 

201 

1126 

Newtoo       ... 

175 

Boddey  and  Co. 

1025 

Chadwick    . 

169 

Vwey,  J. 

lOlT 

166 

Colltni,J.       . 

966 

Smith 

164 

MALT  KSLS. 
TaUe  of  tlie  Coi»i]mptio&  of  Malt— Con^tased. 
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Brawvn. 

Q«. 

Bivw6rB> 

Qn. 

Edwiids 

*             • 

. 

156 

Whittaker   - 

_ 

75 

Pujfc  - 

• 

• 

155 

Begbie 

k 

75 

Hajutock 

• 

. 

155 

Carter 

m 

75 

Uojd  • 

•                          m 

a 

154 

Priddle 

m 

74 

KcTBolds 

m                          m 

•• 

151 

Coomber     - 

m 

73 

lUbOD 

•                           • 

• 

142 

Stallwood    - 

m 

71 

Mcltoa 

«                           * 

• 

140 

Jones 

m 

71 

Bkw 

. 

• 

135 

Rose 

m 

67 

SUriag 

• 

• 

133 

Norris 

m 

67 

AnUer 

• 

m 

130 

Remnant     - 

m 

62 

Potl«r- 

. 

m 

122 

Kearney 

m 

62 

Chunpioii 

• 

m 

121 

Smith 

m 

62 

MiDar. 

• 

. 

115 

Woodrofie   - 

m 

60 

Edwtitb 

. 

m 

108 

Knight 

. 

60 

EntOQ 

• 

. 

105 

Graves 

. 

54 

Griffiths 

. 

. 

105 

Sheppard     - 

. 

52 

Hopkiiks 

. 

• 

91 

Field 

• 

51 

Hodns 

•                             a 

. 

90 

Bradfieid     • 

• 

51 

Tkoqie 

.                             • 

. 

89 

Webb  . 

•• 

50 

But   - 

• 

m 

88 

Chapman    - 

. 

48 

Bowden 

B                            •• 

m 

88 

Price 

. 

45 

Bitt    . 

•                            . 

m 

84 

Godfrey 

. 

45 

PUUips 

.                             _ 

m 

83 

Hobbs 

•» 

32 

Jnrit. 

•                            • 

m 

82 

Deninan 

• 

31 

Tlrkr. 

- 

- 

76 

• 

Qrs. 

Qnaiitity  used 

- 

1836,               754^13 

Quantity  used 

a                          * 

1837,               714,488 

Decrease 

•                          m 

1837,                 39,825 

John  Slatbe,  CaJe  In 

jpector. 

BojhlhUy^  1837 

(OH)       - 

-    £178,578.    3f. 

0\d. 

» 

TU)^  of  the  Quantity  of  Malt  from  Barley,  which  paid  Dnty  in 


Tmib. 

Sactoad. 

Sooclaiid. 

Irak&a. 

BuiUU. 

BuMheU. 

Bu»ktU. 

1834. 

34^9,646 

3,580,758 

1,776,883 

1835. 

36,078,855 

3,604,816 

1,825,300 

1836. 

37,196,998 

4,168,854 

1,872,104 

Amount  of  Duties  paid : 

£                             £ 

£ 

1»4. 

4,449,745 

462,514 

229,514 

1835. 

4,660,185 

465,622 

235,767 

1836. 

4,804,612 

538y477 

241,813 

HALT  KILN  (Parrt^  Germ.)  The  improved  malt  kiln  of  Pistorius  is  represented, 
H'  653,  in  a  top  view ;  >lg.  654,  in  a  longitudinal  view  and  section ;  and  fig,  655,  in 
kiaiT«ie  section,  a  a  are  two  quadrangular  smoke  flues,  constructed  of  fire-tiles,  or 
fcNIODes,  and  eorered  with  iron  plates,  over  which  a  pent-house  roof  is  laid;  the 
vkok  bound  by  the  cross-pieces  h  (figs-  654, 655.)  These  flues  are  built  above  a  grating 
'^  which  ccmmences  at  c' ;  in  front  of  cf  there  is  a  bridge  of  bricks.  Instead  of  such  a 
w  flue  eorered  with  plates,  iron  pipea  may  be  used,  covered  with  semi-cylin- 
^ied  tiles,  to  prevent  the  malt  that  may  happen  to  fall  from  being  burned,  dd  tat 
^  knatt  waUs  of  the  Idln,  3  feet  high,  AirnUhed  with  two  apertures  shut  with  inm 
^Mq^throngh  which  the  lult  that  drops  down  may  b^  removed  from  time  to  time, 
th  •  bouB  of  wood  lying  on  the  breast  wall,  against  which  the  hudlet  are  laid  dowm 
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slantingly  towards  the  1»ck  wall  of  the  kiln ;  f  f  are  two  Tertical  flues  left  in  the 
substance  of  the  walls,  through  which  the  hot  air,  discharged  by  open  pipes  laid  in  a 


653 


subjacent  furnace,  rises  into  the  space  between  the  pent>house  roof  and  the  iron  plalei, 
and  is  thence  allowed  to  issue  through  apertures  in  the  sides,  g  is  the  discharge  flue  ia 
the  back  wall  of  the  kiln  for  the  air  now  saturated  with  moisture ;  h  is  the  8make*pipc^ 
from  which  the  smoke  passes  into  the  anterior  flue  a,  provided  with  a  slide-plate,  flr 
modifying  the  draught ;  the  smoke  thence  flows  oflf  through  a  flue  fitted  also  with  a 
damper-plate  into  the  chimney  i.  k  is  the  smoke-pipe  of  a  subsidiary  fire,  in  eaae  no 
smoke  should  pass  through  h.  The  iron  pipes  are  1 1  inches  in  diameter,  the  air-flues/,  5 
inches,  and  the  smoke-pipe  A,  10  inches  square ;  the  brick  flues  10  inches  wide,  and  the 
usual  height  of  bricks. 

MALTHA ;  Biiume  GhUineux,  or  mineral  pitch.  It  is  a  soft  glutinous  substance,  with 
the  smell  of  pitch.  It  dissolves  in  alcohol,  but  leaves  a  bituminous  residuum ;  as  also  ii 
naptha,  and  oil  of  turpentine.    It  seems  to  be  inspissated  petroleum. 

MANGANESE  (Eng.  and  Fr. ;  MangaUy  Brawuteinmetal,  Germ.)  is  a  grayisli-white 
metal,  of  a  fine-grained  fracture,  very  hard,  very  brittle,  with  considerable  lustre,  ci 
spec.  grav.  8*013,  and  requiring  for  fusion  the  extreme  heat  of  160^  Wedgewood.  It 
should  be  kept  in  closely  stoppered  bottles,  under  naptha,  like  potassium,  because  with 
contact  of  air  it  speedily  gets  oxydized,  and  falls  into  powder.  It  decomposes  water 
slowly  at  common  temperatures,  and  rapidly  at  a  red  heat.  Pure  oxyde  of  manganese 
can  be  reduced  to  the  metallic  state  only  in  small  quantities,  by  mijdng  it  with  lamp 
black  and  oil  into  a  dough,  and  exposing  the  mixture  to  the  intens^eat  of  a  smiths 
forge,  in  a  luted  crucible;  which  must  be  shaken  occasionally  to  fiivor  the  ag- 
glomeration of  the  particles  into  a  button.  Thus  procured,  it  contains,  however,  a  littk 
carbon. 

Manganese  is  susceptible  of  five  degrees  of  oxygenation. 

1.  The  protoxyde  may  be  obtained  from  a  solution  of  the  sulphate  by  precipitation  with 
carbonate  of  potash,  and  expelling  the  csrbonic  acid  from  the  washed  anid  dried  car- 
bonate, by  calcination  in  a  close  vessel  Iped  with  hydrogen  gas,  taking  care  that  no 
air  have  access  during  the  cooling.  IteiMt  pale  green  powder,  which  slowly  attracts 
oxygen  from  the  air,  and  becomes  browKon  which  account  it  should  be  kept  in  giaas 
tubes,  containing  hydrogen,  and  hermetico^  sealed.    It  consists  of  77*57  metal  and  22*43 

^ter  a  white  hydrate ;  and  with  adds,  inline 
rst  colored.    They  have  a  bitter,  acerb  taste^ 


oxygen.    It  forms  with  24  per  cent, 
compounds ;  which  are  white,  pink,  or 
and  afford  with  hydrogenated  sulphur 
caustic  alkalis,  one  which  soon  turns  bro 

2.  The  deuioxyde  of  manganese  exists 
be  procured  either  by  calcining,  at  a  red 
meat  of  the  protoxyde  m  the  air.    It  is 
is  convertible,  on  being  heated  in  acids, 
It  consists  of  69*75  metal,  and  30*25  oxy 


ammonia  a  flesh-red  precipitate,  bat  with 

,  and  eventually  black, 
e  in  the  mineral  called  .BrotMi/e;  but  it  nwy 
the  proto-nitrate,  dr  by  spontaneous  oxydize- 
ck ;  when  finely  pulverized,  dark  brown,  and 
protoxyde,  with  disengagement  of  oxygen  gas. 
It  forms,  with  10  per  cent  of  water,  a  liver- 
brown  hydrate,  which  occurs  native  under  the  name  of  Manganite,  It  dissolves  readily 
in  tartaric  and  citric  acids,  but  in  few  fibers.  This  oxyde  constitutes  a  bronze  ground  in 
calico-printing. 

3.  Peroxyde  of  manganese;  Braunsteiny  occurs  abundantly  in  nature.  It  gives  oat 
oxygen  freely  when  heated,  and  becomes  an  oxydulated  deutoxyde.  It  ccmsistt  of  68*)f 
xnetal,  and  36-64  oxygen. 
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4.  Manganetic  acid  fonns  green-colored  salts,  bat  has  not  hitherto  been  insnlated  from 
tlie  bases.    It  consists  of  63*55  metal,  and  46*45  oxygen. 

5.  Hypermanganuic  acid  consists  of  49*70  metal,  and  60*30  oxygen. 

Ore*  of  manganese. — There  are  two  principal  ores  of  this  metal  which  occur  in  great 
masses ;  the  peroxyde  and  the  hydrated  oxyde ;  the  first  of  whkh  >is  Hreqnently  found  in 
primitive  formations. 

1.  Metalloide  oxyde  of  manganete;  pyroluHte,  or  gray  manganese  ore;  ha^a  metallic 
lustre,  a  steel  gray  color,  and  aJSbrds  a  black  powder.  Spec.  gray.  4*85.  Scratches  calc- 
spar.  It  effervesces  briskly  with  borax  at  the  blow-pipe,  in  consequence  of  the  disengage- 
ment of  oxygen  gas.  This  is  the  most  common  ore  of  manganese,  and  a  very  valuable 
one,  being  the  substance  mostly  employed  in  the  manufacture  of  chloride  of  lime  and  of 
flint-glass.  It  is  the  peroxyde.  Great  quantities  are  found  near  Tavistock,  in  Devon- 
shire, and  LauBceston,  in  ComwalL 

2.  BrauniUy  is  a  dark  brown  substance,  of  a  glassy  metallic  lustre,  affording  a  brown 
powder,  ^pec  grav.  4*8.  It  scratches  fekispar ;  but  is  scratched  by  quartz.  Infusible 
mt  the  blow-pipe,  and  effervesces  but  slightly  when  fused  with  glass  of  borax.  It  is  the 
deutoxyde.    It  gives  out  at  a  red  heat  only  3  per  cent,  of  oxygen. 

3.  Manganiiey  or  hydroxyde  of  manganese ;  is  brownish-black  or  iron-black,  powder 
brown,  with  somewhat  of  a  metallic  lustre.  Spec.  grav.  4*3.  Scratches  fluor  spar ; 
affords  water  by  calcination  in  a  glass  tube ;  infusible  at  the  blow-pipe ;  and  effervesces 
slightly  when  ihsed  with  glass  of  borax.  It  consists  of  about  90  of  deutoxyde,  and  10 
of  water. 

4.  Hatutmanite,  black  braunstein ;  is  brownish-black,  affords  a  reddish-brown  pow- 
der. Spec  grav.  4*7 ;  scratches  fluor  spar ;  infusible  at  the  blow-pipe ;  does  not  effer- 
vesce when  fused  with  borax.  It  is  a  deutoxyde.  Thii^  is  a  rare  mineral,  and  of  no  value 
to  the  arts. 

5.  Barytic  oxyde  of  manganeie  ;  flbrom  vfod.  It  is  a  eombination  of  deutoxyde  and 
peroxyde,  with  some  baryta. 

6.  Manganeee  Uende,  or  sulphuret  of  manganese ;  has  a  metallic  aspect ;  is  black,  or 
dark  steel  gray ;  spec.  grav.  3*95 ;  has  no  cleavage ;  cannot  be  cut ;  infusible,  but  affords 
after  being  roasted  distinct  evidence  of  manganese,  by  giving  a  violet  tinge  to  soda  at  the 
blow-pipe.  Soluble  in  nitric  acid ;  solution  yields  a  white  precipitate  with  the  ferro-cya- 
mide  of  potassium.    It  consists  of  sulphur  53*65 ;  manganese  66*35. 

7.  CarbonaU  of  manganese ;  diahgiU.  Spec.  grav.  3*4 ;  affords  a  green  fKt  by  fusion 
with  carbonate  of  soda ;  is  soluble  with  some  effervescence  in  nitric  acid ;  solution  when 
fireed  from  iron  by  succinate  of  ammonia,  gives  a  white  precipitate,  with  ferroc3ranide  of 
potassium.  It  consists  of  28  carbonic  acid,  56  protoxyde  of  manganese,  5*4  of  lime,  4*5 
protoxyde  of  iron,  and  0*8  magnesia. 

S.  Hydnmiicaie  of  manganese  is  a  black  metallic  looking  substance,  which  yields  a 
yeUowisb-brown  powder,  and  water  by  calcination ;  is  acted  upon  by  muriatic  acid,  but 
affords  no  chlorine.    It  consists  of  silica  25 ;  protoxyde  of  manganese  60 ;  water  13. 

9.  Ferrifetxms  pkospkate  of  manganese  is  brown  or  black.  Spec.  grav.  3'6 ;  scratches 
fluor ;  affords  by  calcination  a  very  little  of  an  acid  water  which  corrodes  glass ;  very 
Aisible  at  the  blow-pipe  into  a  black  metalloid  magnetic  bead ;  is  acted  upon  by  nitric 
add ;  solution  lets  fall  a  blue  precipitate  with  ferrocyanide  of  potassium ;  which  tested 
by  soda  is  shown  to  be  manganese.  It  consists  of  phosphoric  acid  32*78 ;  protoxyde  of 
iron  31*90;  protoxyde  of  manganese  32*60;  phosphate  of  lime  3*2.  Another  phosphate 
called  hnrianUiie,  contains  38  of  phosphoric  irid;  11*10  of  protoxyde  of  iron;  32*85  of 
protoxyde  of  manganese,  and  18  of  water.     '$ 

Bladt  wady  is  the  old  English  name  o^Sftc  hydrated  peroxyde  of  manganese.  It 
ocean  in  various  imitative  shapes,  in  frotlBke  coatings  upon  other  minerals,  as  also 
massive.  Some  varieties  possess  imperfe<x  metallic  lustre.  The  external  color  is 
brown  of  various  shades,  and  similar  in  xA  |lreak,  only  shining.  It  is  opaque,  very 
seetile,  soils  and  writes.  Its  specific  gravi|§yttbout  3*7.  Mixed  with  linseed  oU  into 
a  dough,  Uack  wad  forms  a  mass  that  sdEtneously  inflames.  A  variety  from  the 
HartXy  analysed  by  Klaproth,  afforded  perJUBe  of  manganese  68 ;  oxyde  of  iron  6*5 ; 
water  17*5 ;  carbon  1 )  barytes  and  silica  9.  ]f9*he  localities  of  black  wad  are  particu- 
larly Cornwall  and  Devonshire,  the  HartsK^id  Piedmont.  I  have  analyzed  many 
varieties  of  the  black  wad  sold  to  the  manvpeturers  of  bleaching  salt  and  flint  glass, 
and  have  found  few  of  them  so  rich  in  peq|^e  of  manganese  as  the  above.  Very 
generally  they  contained  no  less  than  25  per  e0t,  of  oxyde  of  iron,  8  or  9  of  silica,  about 
7  of  water,  and  the  remainder  amounting  to  oidy  (K)  per  cent,  of  the  peroxyde. 

M.  Gay  Lussac  has  proposed  to  determinsTlto  commercial  value  of  manganese  ore, 
by  the  quantity  of  chlorine  which  it  affords  whek  treated  with  liquid  muriatic  acid.  He 
plaees  the  manganese  powder  in  a  small  retort  or  matrass,  pours  over  it  the  acid,  and  the 
chlorine  Vang  disengaged  with  the  aid  of  a  gentle  heat,  is  transmitted  into  a  vessel  con- 
tainiBg  miUcof  lime  or  potash  water.    This  liquor  ii  then»fter  pouiod  intoSLdii^^ 
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Bolulion  of  sulphate  of  indigo ;  and  the  quantity  of  chlorine  is  inferred  fttmi  llie  quantity 
of  the  blue  solution  which  is  decolored.    I  pass  the  chlorine  into  test  sohnkm  ofindigii. 

The  manufacturer  of  flint  glass  uses  a  small  proportion  of  the  hlack  mangnneic  ore,  to 
eorrect  the  green  tinge  which  his  glass  is  apt  to  derive  from  the  iron  pvcsemt  in  tlie  sand 
he  employs.  To  him  it  is  of  great  consequence  to  get  a  native  manganese  eoatainiBg  at 
little  iron  oxyde  as  possible ;  since  in  fact  the  color  or  limpidity  of  his  product  wiD  depod 
altogether  upon  that  circumstance. 

Sulphate  of  manganese  has  been  of  late  years  introduced  into  calico-printiiigy  to  gbe 
a  chocolate  or  bronze  impression.  It  is  easily  formed  by  heating  the  black  oxy^  mixed 
with  a  little  ground  coal,  with  sulphuric  acid.    See  Calico-Pbintiko. 

The  peroxyde  of  manganese  is  used  also  in  the  formation  of  glass  pastes,  and  in  maldiy 
the  black  enamel  of  pottery.    See  Oxalic  Acid. 

MANGLE.  {Calandrty  Fr ;  Mangel,  Germ.)  This  is  a  well  knoiwn  nmdiiBe  Ar 
smoothing  table  cloths,  table  naj^ins,  as  well  as  linen  and  cotton  fVimitnTe.  As  nsaally 
made,  it  consists  of  an  oblong  rectangular  wooden  chest,  filled  with  stoneai,  which  load  it 
to  the  degree  of  pressure  that  it  should  exercise  upon  the  two  cylinders  on  whieh  it  resH^ 
and  which,  by  rolling  backwards  and  forwards  over  the  linen  sprcnd  upon  a  poJiriicd  talk 
underneath,  render  it  smooth  and  level.  The  moving  wheel,  being  ibnlshed  with  teelft 
upon  both  surfaces  of  its  periphery,  and  haviog  a  notch  cut  out  at  one  part,  allows  a 
pinion,  unifonnly  driven  in  one  direction,  to  act  alternately  upon  its  oatside  and  inside,  to 
as  to  cause  the  reciprocating  motion  of  the  chest.  This  elegant  and  much  admired  En- 
glish invention,  called  the  mangle-wheel,  has  been  introduced  with  great  advantage  into 
Uie  machinery  of  the  textile  manufactures. 

Mr.  Warcup,  of  Dartford,  obtained  a  patent  several  years  ago  for  a  mangle,  in  whid 
the  linen,  being  rolled  round  a  cylinder  revolving  in  stationary  bearings,  is  prened  down- 
wards  by  heavy  weights  hung  upon  its  axes,  against  a  curved  bed,  made  to  slide  to  ud 
fro,  or  traverse  from  right  to  left,  and  left  to  right,  alternately. 

Mr.  Hubie,  of  York,  patented  in  June,  1832,  another  form  of  mangle,  consisting  of 
three  rollers,  placed  one  above  another  in  a  vertical  frame,  the  axle  of  the  nppcr  nOcr 
being  pressed  downwards  by  a  powerful  spring.  The  articles  intended  to  be  amoothed 
are  introduced  into  the  machine  by  passing  them  under  the  middle  roller,  which  is  made 
to  revolve  by  means  of  a  fly  wheel ;  the  pinion  upon  whose  axis  works  in  a  large  toothed 
wheel  fixed  to  the  shaft  of  the  same  roller.  The  linen,  Itc.  is  lapped  as  nsnal  in  protect- 
ing cloths.    This  machine  is  merely  a  smaD  Caxjoisex. 

MANIOC  is  the  Indian  name  of  the  nutritious  matter  of  the  dunb  jainpkm  mtmdkd, 
finom  which  cataava  and  Uqrioea  are  made  in  the  West  Indies. 

MANNA  is  the  concrete  saccharine  juice  of  the  Fraxiim$  ormu,  a  tree  mneh  cilt^ 
vated  in  Sicily  and  Calabria.    It  is  now  little  used,  and  that  only  in  medicine. 

MARBLE.    This  title  embraces  such  of  the  primitive,  transition,  and  purer 
limestones  of  secondary  formation,  as  may  be  quarried  in  solid  blocks  without 
are  susceptible  of  a  fine  polished  surface.    The  finer  the  white,  or  moreHteantiAiIly 
gated  the  colors  of  the  stone,  the  more  valuable,  ceUrU  paribui,  is  the  marble.    Its 
eral  characters  are  the  following  : — 

Marble  efiiervesces  with  acids;  aflfords  quicklime  by  calcination;  has  a  conehoolal 
scaly  fVacture ;  is  translucent  only  on  the  very  edges ;  is  easily  scratched  by  the  knifes 
has  a  spec.  grav.  of  2*7 ;  admits  of  being  sawn  into  slabs,  and  receives  a  brflliant  polish. 
These  qualities  occur  united  in  only  three  principal  varieties  of  limestone ;  in  the  sae- 
charoid  limestone,  so  called  from  its  fine  granular  texture  resembling  that  of  loaf  sugar, 
and  which  constitutes  modern  statuary  marble,  like  that  of  Carrara ;  2.  in  the  foliated 
limestone,  consisting  of  a  multitude  of  small  facets  formed  of  little  plates  applied  to  one 
another  in  every  possible  direction,  constituting  the  antique  statuary  marble,  like  tlwt  of 
Pares ;  3.  in  many  of  the  transition  and  carboniferous,  or  encrhniic  limestones,  inlNiiiB- 
nate  to  the  coal  formation. 

The  saccharoid  and  lamellar,  or  statuary  marbles,  belong  entirely  to  primitiw  and 
transition  districts.  The  greater  part  of  the  close-grained  colored  marbles  belong  also 
to  the  same  geological  localities ;  and  become  so  rare  in  the  secondary  limestone  ftc^ 
mations,  that  immense  tracts  of  these  occur  without  a  single  bed  sufficiently  entire 
and  compact  to  constitute  a  workable  marble.  The  limestone  lying  between  the 
odeareo-silicious  sands  and  gritstone  of  the  under  oolite,  and  which  is  called  Foteit 
marble  in  England,  being  susceptiUe  of  a  tolerable  polish,  and  variegated  with  imbedded 
shells,  has  sometimes  been  worked  ihto  ornamental  slabs  in  Oxfordshire,  where  if 
occurs  in  the  neighborhood  of  Whichwood  forest;  but  this  case  can  hardly  be  eon* 
aidered  as  an  exception  to  the  general  rule.  To  constitute  a  profitable  marUe-qnuTy, 
there  must  be  a  lai^  extent  d*  homogoieous  limestone,  and  a  facility  of  trantportiM 
the  blocks  afler  they  are  dug.  On  examining  these  natural  advantages  of  the  beda  m 
Carrara  marble,  we  may  readily  understand  how  the  statuary  marbles  discovered  in  thi 
IbrreDecs,  Savoy,  Cwcucml,  dbe.  have  never  been  aUe  to  come  into  oompetitioA  with  it  te 
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the  maricet  In  fact,  the  two  sides  of  the  valley  of  Carrara  may  be  regarded  as  moan- 
Cains  of  statoary  marble  of  the  finest  quality. 

GypseoQS  alabaster  may  be  readily  distinguished  from  marbles,  because  it  does  not 
effervesce  with  acids,  and  is  soft  enough  to  be  scratched  by  the  nail ;  stalagmitic  alabaster 
is  somewhat  harder  than  marble,  translucent,  and  variegated  with  regular  stripes  or  undu- 
lations. 

Some  granular  marbles  are  flexible  in  thin  slabs,  or,  at  least,  become  so  by  beins:  dried 
at  the  fire ;  which  shows,  as  Dolomieu  suspected,  that  this  property  arises  from  a  diminu- 
tion of  the  attractive  force  among  the  .particles,  by  the  loss  ^f  the  moisture. 

The  various  tints  of  ornamental  marbles  generally  proceed  from  oxydes  of  iron ;  but 
the  blue  and  green  tints  are  sometimes  caused  by  minute  particles  of  hornblende,  as  in 
the  slfgf  blue  variety  called  Turehino,  and  in  some  green  marbles  of  Germany.  The 
Uack  marbles  are  colored  by  charcoal,  mixed  occasionally  with  sulphur  and  bitumen ; 
when  they  constitute  stinkstone. 

Braid  divides  marbles,  according  to  their  localities,  into  classes,  each  of  which  contains 
eight  subdivisions : — 

1.  Uni-colored  marbles ;  including  only  the  white  and  the  black. 

2.  Variegated  marbles ;  those  with  irregular  spots  or  veins. 

3.  Madreporie  marbles,  presenting  animal  remains  in  the  shape  of  white  or  gray  spotb, 
with  regularly  disposed  dots  and  stars  in  the  centre. 

4.  Shell  marbles ;  with  only  a  few  shells  interspersed  in  the  calcareous  base. 

5.  Lumachella  marbles,  entirely  composed  of  shells. 

6.  Cipolin  marbles,  containing  veins  of  greenish  talc 

7.  Breccia  marbles,  formed  of  a  number  of  angular  fragments  of  different  marbles, 
united  by  a  common  cement. 

8.  Puddingstone  marbles ;  a  conglomerate  of  rounded  pieces. 

jiniiqiu  marbles, — ^The  most  remarkable  of  these  are  the  following  : — Parian  nuirbfe, 
called  hfdmitti  by  the  ancients,  because  its  quarries  were  worked  by  lamps ;  it  has  a  yel- 
lowish-white color ;  and  a  texture  composed  of  fine  shining  scales,  lying  in  all  directions. 
The  celebrated  ArundeUan  tables  at  Oxford  consist  of  Parian  marble,  as  well  as  the 
Medicean  Venus.  Penttlic  marble,  from  Mount  Penteles,  near  Athens,  resembles  the 
Parian,  but  is  somewhat  denser  and  finer  grained,  with  occasional  greenish  zones,  pro- 
duced by  greenish  talc,  whence  it  is  called  by  the  Italians  Cipolino  staiuario.  The 
Parthenon,  Propyleum,  the  Hippodrome,  and  other  principal  monuments  of  Athens, 
were  of  Pentelic  marble ;  of  which  fine  specimens  may  be  seen  among  the  £lgin  col- 
lection, in  the  British  Museum.  Marmo  Greco,  or  Greek  white  marble,  is  of  a  very 
lively  snow  white  color,  rather  harder  than  the  preceding,  and  susceptible  of  a  very  fine 
polish.  It  was  obtained  from  several  islands  of  the  Archipelago,  as  Scio,  Samos,  Lesbos, 
&c  TraiulueerU  tokite  marble,  Marmo  statuario  of  the  Italians,  is  very  much  like  the 
Parian,  only  not  so  opaque.  Columns  and  altars  of  this  marble  exist  in  Venice,  and 
several  towns  of  Lombaniy ;  but  the  quarries  are  quite  unknown.  Flexible  white  marble^ 
of  which  five  or  six  tables  are  preserved  in  the  house  of  Prince  Borghese,  at  Rome.  The 
white  mairble  of  Imni,  on  the  coast  of  Tuscany,  was  preferred  by  the  Greek  sculptors  to 
both  the  Parian  and  Pentelic  White  marble  of  Carrara,  between  Specia  and  Lucca,  is 
of  m  fine  white  color,  but  oAen  traversed  by  gray  veins,  so  that  it  is  difficult  to  procure 
modomtely  large  pieces  free  from  them.  It  is  not  so  apt  to  turn  yellow  as  the  Parian 
marhle.  This  quarry  was  worked  by  the  ancients,  having  been  opened  in  the  time  of 
Julius  Csesar.  Many  antique  statues  remain  of  this  marble.  Its  two  principal  quarries 
at  the  present  day  are  those  of  Pianello  and  Polvazzo.  In  the  centre  of  its  blodcs  very 
linqpid  rock-crystals  are  sometimes  found,  which  are  called  Carrara  diamonds.  As  the 
finetC  quidities  are  becoming  excessively  rare,  it  has  risen  in  price  to  about  3  guineas  the 
cubic  foot.  The  White  marble  of  Mount  Hymettus,  in  Greece,  was  not  of  a  very  pure 
white,  but  inclined  a  little  to  gray.  The  statue  of  Meleager,  in  the  French  Museum,  is 
of  this  marble. 

Biadi  antique  marble,  the  Nero  antico  of  the  Italians.  This  is  more  intensely  black 
than  any  of  our  modem  marbles ;  it  is  extremely  scarce,  occurring  only  in  sculptured 
pieces.  The  red  antiqiu  marble,  Egyptum  of  the  ancients,  and  Rotto  antico  of  the  Italians, 
is  a  beautiful  marble  of  a  deep  blood-red  color,  interspersed  with  white  veins  and  with 
very  minute  white  dots,  as  if  strewed  over  with  grains  of  sand.  There  is  in  the  Gri- 
maai  palace  at  Venice,  a  colossal  statue  of  Mtyeus  Agrippa  in  roteo  antico,  which  was 
fimnerly  preserved  in  the  Pantheon  at  Rome.  Green  anttque  marble,  verde  antico,  is  u 
land  of  breccia,  whose  paste  is  a  mixture  of  talc  and  limestone,  while  the  dark  green 
fragflMnts  consist  of  serpentine.  Very  beautiful  specimens  of  it  are  preserved  at  Parma. 
The  best  quality  has  a  grass-green  paste,  with  black  spots  of  noble  serpentine,  but  is 
newer  mi"gW  with  red  spots.  Red  spotted  grrnn  antique  maH}le,  has  a  dark  green  ground 
laariced  wSh  small  red  and  black  spots,  with  fragments  of  entrodii  changed  into  white 
marble.     It  is  known  only  in  small  tablets.     Leek  marbU  i  a  raxe  ^sxieV!  ^^  ^d^>*3L  tj^^^^ 
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of  which  there  is  a  table  in  the  Mint  at  Paris.  Marmo  verd€  pagHoeeo  is  of  a 
green  color,  and  is  found  only  in  the  ruins  of  ancient  Rome.  CnveioM  marbU  of  a 
deep  red,  with  numerous  gray  and  white  veins,  is  said  to  be  found  in  Africa,  and  highly 
esteemed  in  commerce.  Ytllow  antique  marble,  giallo  aniico  of  the  Italians ;  color  sf 
the  yolk  of  an  egg,  either  uniform  or  marked  with  black  or  deep  yellow  ringi.  It  ii 
rare,  but  may  be  replaced  by  Sienna  marble.  Red  and  while  antiqtu  martkt,  found  only 
among  the  ruins  of  ancient  Rome.  Grand  antique,  a  breccia  marble,  containing  thelli^ 
consists  of  large  fragments  of  a  black  marble,  traversed  by  veins  or  lines  of  m  ahiain; 
white.  There  are  four  coluiigns  of  it  in  the  Museum  at  Paris,  jfniique  Cipolhio  nmrbk. 
Cipolin  is  a  name  given  to  all  such  marbles  as  have  greenish  zones  produced  by  gieea 
talc ;  their  fracture  is  granular  and  shining,  and  displays  here  and  there  plates  of  tak. 
Purple  antique  breccia  marble,  is  very  variable  in  the  color  and  sise  of  itsf^iols. 
JhUique  ^rican  breccia  has  a  black  ground,  variegated  with  large  fragments  of  a  gray- 
ish-white, deep  red,  or  purplish  wine  color ;  and  is  one  of  the  most  bemutifnl  marfalek 
Mo9e-colored  antique  breccia  marble  is  very  scarce,  occurring  only  in  small  tablets. 
There  are  various  other  kinds  of  ancient  breccias,  which  it  would  be  teduHM  to  par- 
ticularize. 

Modem  marbUa, — 1.  British.  Black  marble  is  found  at  Ashford,  Matlock,  aad 
Monsaldale  in  Derbyshire ;  black  and  white  in  the  north  part  of  DeroBshire ;  the  vaiie- 
gated  marbles  of  Devonshire  are  generally  reddish,  brownish,  and  grayisli,  Tarioosly 
veined  with  white  nnd  yellow,  or  the  colors  are  oAen  intimately  blended ;  the  marbles 
fVom  Torbay  and  Babbacombe,  display  a  great  variety  in  the  mixture  of  their  colon; 
the  Plymouth  marble  is  either  ash-colored  with  black  veins,  or  blackish-gray  and  white, 
shaded  with  black  veins;  the  clitfs  near  Marychurch  exhibit  marble  quarries  not  only 
of  great  extent,  but  of  superior  beauty  to  any  other  in  Devonshire,  being  either  of  a 
dove-colored  ground  with  reddish-purple  and  yellow  veins,  or  of  a  black  ground  mottled 
with  purplish  globules.  The  green  marble  of  Anglesea  is  not  unlike  the  vertU  muHto ; 
its  colors  beinsT  irreenish-black,  leek-green,  and  sometimes  dull  purplish,  irregularly 
blended  with  white.  The  white  part  is  limestone,  the  in*een  shades  proceed  from 
serpentine  and  asbestos.  There  arc  several  fine  varieties  of  marble  in  Derbyshire ;  the 
mottlerl-s^ray  in  the  neighborhood  of  Moneyash,  the  light  gray  being  rendered  eztrondy 
beautiful  by  the  number  of  purple  veins  which  spread  upon  its  polished  surface  in  elegaat 
irregular  branches ;  but  its  chief  ornament  is  the  multitude  of  entrochi,  with  which  this 
transition  limestone-marble  abounds.  Mach  of  the  transition  and  carbonifercms  lime- 
stone of  Wales  and  Westmoreland  is  capable  of  being  worked  up  into  agreeaUe  daik 
marbles. 

In  Scotland,  a  particularly  fine  variety  of  white  marble  is  found  in  immense  beds,  at 
Assynt  in  Sutherlandshire.  A  beautiful  ash-gray  marble  of  a  very  uniform  grain,  and 
susceptible  of  a  fine  polish,  occurs  on  the  north  side  of  the  ferry  of  BallachuUsh  in  In- 
vemesshire.  One  of  the  most  beautiful  varieties  is  that  from  the  hill  of  Belephetrich  in 
Tiree,  one  of  the  Hebrides.  Its  colors  are  pale  blood-red,  light  flesh-red,  and  reddish- 
white,  with  dark  green  particles  of  hornblende,  or  rather  sahlite,  diffused  through  the 
general  base.  The  compact  marble  of  lona  is  of  a  fine  grain,  a  dull  white  color,  some- 
what resembling  pure  compact  feldspar.  It  is  said  by  Boumon,  to  consist  of  an  intimate 
mixture  of  tremolite  and  carbonate  of  lime,  sometimes  with  yellowish  or  greenish-jrrilow 
spots.  The  carboniferous  limestone  of  many  of  the  coal  basins  in  the  lowlands  of  Scot- 
land may  be  worked  into  a  tolerably  good  marble  for  chimney-pieces. 

In  Ireland,  the  Kilkenny  marble  is  the  one  best  known,  having  a  black  ground  more  or 
less  varied  with  white  marks  produced  by  petrifactions.  The  spar  which  ocenpies  the 
place  of  the  shells,  sometimes  assumes  a  greenish-yellow  color.  An  exceedingly  fine 
black  marble  has  also  been  raised  at  Crayleath  in  the  county  of  Down.  At  Loathioagfaer, 
in  the  county  of  Tipperary,  a  fine  purple  marble  is  found,  which  when  polished  looks 
very  beautiful.  The  county  of  Kerry  afibrds  several  variegated  marbles,  not  nnlike  the 
Kilkenny. 

France  possesses  a  great  many  marble  quarries  which  have  been  described  by  Braid, 
and  of  which  a  copious  abstract  is  given  under  the  article  marble — Rees'  Cyc/ops^to. 

The  territory  of  Genoa  fVimishes  several  beautiful  varieties  of  marble,  the  most  re- 
markable of  which  is  the  polsevera  di  Genoa,  called  in  French  the  vert  d^Egypie  and  vert 
de  mer.  It  is  a  mixture  of  granular  limestone  with  a  talcose  and  serpentine  snbstanee 
disposed  in  veins ;  and  it  is  sometimes  mixed  with  a  reddish  body.  This  marble  was  for- 
merly much  employed  in  Italy,  France,  and  England,  for  chimney-pieces,  but  its  sombre 
appearance  has  put  it  out  of  fashion. 

Corsica  possesses  a  srood  statuary  marble  of  a  fine  close  grain,  and  pure  milky  white- 
ness, quarried  at  OrnofHo ;  it  will  bear  comparison  with  that  of  Carrara ;  also  a  gray 
marble  (bardiglio),  a  cipolin,  and  some  other  varieties.  The  island  of  Elba  has  ii 
quarries  of  a  white  marble  with  blackish-green  veins. 
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Afliong  tke  mnnmeraUe  varieties  of  Italian  marbles,  the  following  deserve  especial 
notice. 

The  rovigio,  a  white  marble  found  at  Padoa ;  the  white  marble  of  St.  Jnlien,  at  Pisa, 
of  which  the  cathedral  and  celebrated  slanting  tower  are  built ;  the  Biancone  marble, 
white  with  a  tinge  of  gray,  quarried  at  Magurega  for  altars  and  tombs.  Near  Mergozza 
the  white  saline  marble  with  gray  veins  is  found ;  with  which  the  cathedral  of  Milan  is 
built.  The  black  marble  of  Bergamo  is  called  paragone^  from  its  black  color,  like  touch- 
stone ;  it  has  a  pure  intense  tint,  and  is  susceptible  of  a  fine  polish.  The  pure  black 
marble  of  Como  is  also  much  esteemed.  The  polveroso  of  Pistoya,  is  a  black  marble 
sprinkled  with  dots;  and  the  beautiful  white  marble  with  black  spots,  from  the  Lago 
Maggiore,  has  been  employed  for  decorating  the  interior  of  many  churches  in  the  Milanese. 
The  Margorre  marble  found  in  several  parts  of  the  Milanese,  is  bluish  veined  with  brown, 
and  composes  part  of  the  dome  of  the  cathedral  of  Milan.  The  green  marble  of  Florence 
owes  its  color  to  a  copious  admixture  of  steatite.  Another  green  marble,  called  verde  di 
JPrado,  occurs  in  Tuscany,  near  the  little,  town  of  Prado.  It  is  marked  with  spots  of  a 
deeper  green  than  the  rest,  passing  even  into  blackish-blue.  The  beautiful  Sienna 
marble,  or  hrdeatello  di  Sitna,  has  a  yellow  color  like  the  yolk  of  an  eg^y  which  is  dis- 
posed in  large  irregular  spots,  surrounded  with  veins  of  bluish-red,  passing  sometimes 
into  parple.  At  Montarenti,  two  leagues  from  Sienna,  another  yellow  marble  is  met 
with,  which  is  traversed  by  black  and  purplish-black  veins.  The  Brema  marble  is  yellow 
with  white  spots.  The  matkUlato  of  the  Italians  is  a  light  red  marble  with  yellowish- 
white  spots,  found  at  Luggezzana,  in  the  Veronese.  The  red  marble  of  Verona  is  of  a 
red  rather  inclining  to  yellow  or  hyacinth ;  a  second  variety  of  a  dark  red,  composes  the 
▼ast  amphitheatre  of  Verona.  Another  marble  is  found  near  Verona,  with  large  white 
spots  in  a  reddish  and  greenish  paste.  Very  fine  columns  have  been  mode  of  it.  The 
dchio  di  pavom  is  an  Italian  shell  marble,  in  which  the  shells  form  large  orbicular  spots. 
red,  white,  and  bluish.  A  madreporic  marble  known  under  the  name  of  pUtra  slellariaf 
much  employed  in  Italy,  is  entirely  composed  of  star  madrepores,  converted  into  a  gray 
and  white  substance,  and  is  susceptible  of  an  excellent  polish.  The  village  of  Brctonico, 
in  the  Veronese,  furnishes  a  splendid  breccia  marble,  composed  of  yellow,  steel-gray,  and 
rose-colored  spots.  That  of  Bergamo  consists  of  black  and  gray  fragments  in  a  greenish 
cement.  Florence  marble,  called  also  ruin  and  landscape  marble,  is  an  indurated  calca- 
reous marl. 

Sicily  abounds  in  marbles,  the  most  valuable  of  which  is  that  called  by  the  English 
stone-cutters,  Sicilian  jasper ;  it  is  red  with  large  stripes  like  ribands,  white,  red,  and 
sometimes  green,  which  run  zigzag  with  pretty  acute  angles. 

Among  the  Genoese  marbles  we  may  notice  the  highly  'esteemed  variety  called  portor, 
on  account  of  the  brilliant  yellow  veins  in  a  deep  black  ground.  The  most  beautiful 
kind  comes  from  Porto-Venese,  and  Louis  XIV.  caused  a  great  deal  of  it  to  be  worked  up 
for  the  decoration  of  Versailles.    It  costs  now  two  pounds  per  cubic  foot. 

Of  cutting  and  polishing  marble. — The  marble  saw  is  a  thin  plate  of  soft  iron,  continu- 
ally supplied  during  its  sawing  motion,  with  water  and  the  sharpest  sand.  The  sawing 
of  moderate  pieces  is  performed  by  hand,  but  that  of  large  slabs  is  most  economically 
done  by  a  proper  milL 

The  first  substance  used  in  the  polishing  process  is  the  sharpest  sand,  which  must  be 
worked  with  till  the  surface  becomes  perfectly  flat.  Then  a  second,  and  even  a  third 
sand  of  increasing  fineness  is  to  be  applied.  The  next  substance  is  emery  of  progressive 
degrees  of  fineness,  after  which  tripoli  is  employed ;  and  the  last  polish  is  given  with 
tin-putty.  The  body  with  which  the  sand  is  rubbed  upon  the  marble,  is  usually  a  plate 
of  iron ;  but  for  the  subsequent  process,  a  plate  of  lead  is  used  with  fine  sand  and  emer>'. 
The  polishing  rubbers  are  coarse  linen  cloths,  or  bagging,  wedged  tight  into  an  iron 
planing  tool.  In  every  step  of  the  operation,  a  constant  trickling  supply  of  water  is 
requird. 

Vfaitcrs  of  Derby  may  have  an  opportunity  of  inspecting  Brown's  extensive  machinery 
for  cutting  marble  into  many  ornamental  forms,  which  has  been  weU  described  in  Aees' 
Cyclopedia. 

Sir  James  Jelf  patented,  in  1822,  a  combination  of  machinery  for  cutting  any  descrip- 
tion of  parallel  mouldings  upon  marble  slabs,  for  ornamental  purposes ;  in  which  tools, 
supplied  with  sand  and  water,  are  made  to  traverse  to  and  fro. 

Mr.  Tullock  obtained  a  patent,  in  1824,  for  improvements  in  machinery  for  sawing  and 
grooving  marble ;  the  power  being  applied  by  means  of  toothed  wheels  bearing  cranks, 
which  gave  the  see-saw  motion  to  the  cutting  iron  plates. 

In  November,  1829,  Mr.  Gibbs  secured,  by  patent,  an  invention  for  workins:  orna- 
mental devices  in  marble,  by  means  of  a  travelling  drill,  guided  by  a  mould  of  wood, 
&c.,  in  counter  relief;  and  in  April,  1833,  Mr.  G.  W.  Wilds  obtained  a  patent  for 
machinery,  which  consists  of  a  series  of  circular  cutters,  for  separating  slabs  from  a 
block  of  marUej  the  block  bein^  advanced  slowly  to  meelUie  cuUei^Vi  Vkkib  YE^*Ct«8KC«^ 


806  MARCA8ITE. 

movement  of  a  platfonn  upon  wheels,  driTen  by  the  agency  of  a  radc  cad  piaioiiy  atia 
the  cylinder  boring  machine  of  the  steam-engine  manoiactnrer.  Sand  and  water  mvt 
be  supplied,  of  course,  from  a  hopper,  to  these  smooth  catting  discs  of  irai  or  eoppcr. 
See  Glass-Cuttino.  He  proposes  also  to  mould  and  polish  marble,  by  ap|»lyiiig  •  n^ 
tory  wheel  or  cylinder  of  any  shape  to  it,  in  its  carrj'ing  frame. 

MARCASTTE  is  a  variety  of  iron  pyrites,  containing  generally  a  littk  vaoiie. 

MARGARATES  are  saline  compounds  of  margaric  acid  with  the  bases. 

MARGARIC  ACID  is  one  of  the  acid  fats,  produced  by  saponifying  taDow  with 
alkaline  matter,  and  decomposing  the  soap  with  djlute  acid.  The  term  Margaric  aigaileB 
PEARLY-looking. 

The  physical  properties  of  the  margaric  and  stearic  acids  are  very  siaular ;  tbe  chief 
difference  is  that  the  former  is  more  fusible,  melting  at  140°  F.  The  readieat  node  ef 
obtaining  pure  margaric  acid,  is  to  dissolve  olive  oQ  soap  in  water,  to  poor  into  tke  sola- 
tion  a  solution  of  neutral  acetate  of  lead,  to  wash  and  dry  the  precipitate,  and  then  to 
remove  its  oleate  of  lead  by  ether,  which  does  not  affect  its  margarate  d*  lead.  The 
residuum  being  decomposed  by  boiling  hot  muriatic  acid,  affords  margaricj^add.  When 
heated  in  a  retort  this  acid  boils*.  It  is  insoluble  in  water,  very  soluble  m  alcohol  and 
ether ;  it  reddens  litmus  paper,  and  decomposes,  with  the  aid  of  heat,  the  carbonates  ef 
soda  and  potash.  » 

MARINE  ACID.    See  Muriatic  Acn>. 

MARINE  SALT.    See  Salt. 

MARL  (Mame,  Fr. ;  Merfd,  Germ.)  is  a  mixed  earthy  substanee,  consisting  of  car- 
bonate of  lime,  clay,  and  siliciotts  sand,  in  very  variable  proportions ;  it  is  sometimes  com- 
pact, sometimes  pulverulent.  According  to  the  predominance  of  one  or  other  of  these 
three  main  ingredients,  marls  may  be  distributed  into  calcareous,  clayey,  and  sandy.  See 
Limestone. 

MARQUETRY  is  a  peculiar  kind  of  cabinet  work,  in  which  the  surface  of  wood  it 
ornamented  with  inlaid  pieces  of  various  colors  and  forms.  The  marqutteur  puts  gidd, 
silver,  copper,  tortoise-shell,  mother-of-pearl,  ivory,  horn,  &c.  under  contribution. 
These  substances,  being  reduced  to  laminae  of  proper  thinness,  are  cut  out  into  the  desired 
forms  by  punches,  which  produce  at  once  the  full  pattern  or  mould,  and  the  empty  one, 
which  enclosed  it ;  and  both  serve  their  separate  purposes  in  marquetry^  For  the  meth- 
ods of  dyeing  the  woods,  &c.  see  Iv^rt. 

MARTIAL  signifies,  belonging  to  iron ;  from  Mars,  the  mythological  name  of  tibia 
metal. 

MASSICOT  is  the  yellow  oxyde  of  lead. 

MASTIC  (Eng.  and  Fr.  j  Mastix,  Germ.)  is  a  resin  produced  by  making  inelsioBs  in 
the  Pistacia  LentUciui^  a  tree  cultivated  in  the  Levant,  and  chiefly  in  the  island  of  China. 
It  comes  to  us  in  yellow,  brittle,  transparent,  rounded  tears  ;  which  soAen  between  the 
teeth ;  with  bitterish  taste  and  aromatic  smell,  and  a  specific  gravity  of  1*07.  Mastic 
consists  of  two  resins ;  one  soluble  in  dilute  alcohol ;  but  both  dissolve  in  strong  alcohoL 
Its  solution  in  spirit  .of  wine  constitutes  a  good  varnish.  It  dissolves  also  in  oil  of  turpen- 
tine.   See  Varnish. 

MATRASS  is  a  bottle  with  a  thin  egg-shaped  bottom,  much  used  for  digestions  in 
chemJCTtl  researches. 

MATTE  is  a  crude  black  copper  reduced,  but  not  refined  ft-om  sulphnr  and  other  hete- 
rogeneous substances. 

MEADOW  ORE  is  conchoidal  bog  iron  ore. 

MEDALS.    For  their  composition,  see  Bronze  and  Copper. 

MEERSCHAUM  (Germ.;  sea-froth,  Eng. ;  Ecume  de  Mer,  Magnine  carhomatH 
silicif^re,  Fr.)  is  a  white  mineral,  of  a  somewhat  earthy  appearance,  always  soft,  bnt  diy 
to  the  touch,  and  adhering  to  the  tongue.  Specific  gravity,  2*6  to  3*4 ;  affords  water  bf 
calcination ;  fuses  with  difficulty  at  the  blowpipe  into  a  white  enamel ;  and  is  acted  upon 
by  acids.  It  consists,  according  to  Klaproth,  of  silica,  41*5 ;  magnesia,  18*25 ;  water  and 
carbonic  acid,  39.  Other  analysts  give,  silica  50,  magnesia  25,  water  25.  It  occnrs  in 
veins  or  kidney-shaped  nodules,  among  rocks  of  serpentine,  at  Egribos,  in  the  island  of 
Negropont,  Eski-Schchir  in  Anatolia,  Brussa  at  the  foot  of  Mount  Olympus,  at  BaldiasciO 
in  Piedmont,  in  the  serpentine  veins  of  Cornwall,  &c. 

When  first  dug  up,  it  is  sofl,  greasy,  and  lathers  like  soap ;  and  is  on  that  account  used 
by  the  Tartars  in  washing  their  linen.  The  well-known  Turkey  tobacco-pipes  are  made 
from  it,  by  a  process  analogous  to  that  for  making  pottery  ware.  The  bowls  oit  the 
pipes,  when  imported  into  Germany,  are  prepared  for  sale  by  soaking  them  first  in  tallow, 
then  in  wax,  and  finally  by  polishing  them  with  shave-grass. 

MELLITTE.     (Eng.  and  Fr. ;  Honigsteinj  Germ.)    See  Honevstone. 

MELLmc  ACID,  which  is  associate  with  alumina  in  the  preceding  mineral^ 
d^stallizes  in  small  colorless  needles,  is  without  smell,  of  a  strongly  acid  taste,  per- 
manent  in  the  air,  soloble  in  water  and  alcohol,  a%  also  Vn  Vn^n%  Vvol  toncentrated 
fuJpkuric  add,  bat  is  decomposed  by  hot  nitx'ic  acid,  and  consiaxa  o^  ^%V  caxXwrnk^v^ 


IfERCURY.  800 

49-79  oxygen.  It  is  carbonked  at  a  red  heat,  witbomt  the  prodnetioii  of  any  inflamma* 
fjleoil. 

MELLON  18  a  new  compound  of  carbon  and  azote,  dlsoovercd  by  M.  Liebig,  by  heating 
bji-eQjph9<«yanide  of  mercury.  The  mellon  remains  at  the  bottom  of  the  retort  under  the 
lorm'of  a  yellow  powder. 

MENACHANITE,  an  ore  of  iitanitm,  found  in  the  bed  of  a  rivulet  which  flows  into 
the  ralley  Menacan,  in  Cornwall. 

MERCURY  or  QUICKSILVER.  This  metal  is  distinguished  by  ito  fluidity  at  com- 
mon temperatures ;  its  density =i  13*6 ;  its  silver  blue  lustre ;  and  its  extreme  mobility.  A 
cold  of  39^  below  zero  of  Fahrenheit,  or  — iff*  Cent.,  is  required  for  its  congelation,  in 
i^eh  state  its  density  is  increased  in  the  proportion  of  10  to  9,  or  it  becomes  of  spec 
gray.  15-0.  At  a  temperature  of  656°  F.  it  boils  and  distils  off  in  an  elastic  vapor ;  wMch, 
being  condensed  by  cold,  forms  purified  mercury. 

Mereury  combines  with  great  readiness  with  certain  metals,  as  gold,  silver,  zinc,  tin, 
and  bismuth,  forming,  in  certain  proportions,  fluid  solutions  of  these  metals.  Such  mer- 
curial alloys  are  called  amalganu.  This  property  is  extensively  employed  in  many  arts ; 
as  in  extracting  gold  and  silver  from  their  ores ;  in  gilding,  plating,  maJdng  looking-glasses, 
A^,  Humboldt  estimates  at  16,000  quintals,  of  100  lbs.  each,  the  quantity  of  mercury 
annually  emploved  at  his  visit  to  America,  in  the  treatment  of  the  mines  of  New  Spain ; 
three  fourths  orwhich  came  from  European  mines. 

The  mercurial  ores  may  be  divided  into  four  species : — 

1.  Native  quidetilver. — It  occurs  in  most  of  the  mines  of  the  other  mercurial  ores,  in 
the  form  of  small  drops  attached  to  the  rocks,  or  lodged  in  the  crevices  of  other  ores. 

2.  jSrgental  mercury,  or  native  silver  amalgam. — It  has  a  silver  white  color,  and  is 
more  or  less  soft,  according  to  the  proportion  which  the  mercury  bears  to  the  silver. 
Its  density  is  sometimes  so  high  as  14.  A  moderate  heat  dissipates  the  mercury,  and 
leaves  the  silver.  Klaproth  states  its  constituents  at  silver  36,  and  mercury  64,  in  100 ; 
bat  Cordier  makes  them  to  be,  27|  silver,  and  72)  mercury.  It  occurs  crystallized  in  a 
variety  of  forms.  It  has  been  found  in  the  territory  of  Deux-Ponts,  at  Rozenau  and 
Niderstana,  in  Hungary,  in  a  canton  of  Tyrol,  at  Sahlberg  in  Sweden,  at  Kolyvan  in 
Siberia,  and  at  Allemont  in  Dauphiny ;  in  small  quantity  at  Almaden  in  Spain,  and  at 
Mria  in  Camiola.  By  the  chemical  union  of  the  mercury  with  the  silver,  the  amalgam, 
which  should  by  calculation  have  a  spec.  grav.  of  only  12*5,  acquires  that  of  14*11,  ac- 
cording to  M.  Cordier. 

3.  Sulphuret  of  mercury,  commonly  called  Cinnabar,  is  a  red  mineral  of  various 
shades;  burning  at  the  blowpipe  with  a  blue  flame,  volatilizing  entirely  with  the  smeU 
of  burning  sulphur,  and  giving  a  quicksilver  coating  to  a  plate  of  copper  held  in  the 
Aunet.  Even  the  powder  of  cinnabar  rubbed  on  copper  whitens  it.  Its  density  varies 
from  6*9  to  10*2.  It  becomes  negatively  electrical  by  friction.  Analyzed  by  Klaproth, 
it  was  found  to  consist  of  mercury  84*5,  sulphur  14*75.  Its  composition,  viewed  as  a 
bisulphuret  of  mercury,  is,  mercury  86*2,  sulphur  13*8.  The  finest  crystals  of  sulphuret 
of  mercury  come  from  China,  and  Almaden  in  Spain.  Tliese  contain,  according  to  Klap- 
roth, 85  per  cent,  of  mercury. 

A  biiumtMOu*  iulphuret  of  mercury  appears  to  be  the  base  of  the  great  exploration  of 

Idria ;  it  is  of  a  dark  liver-red  hue ;  ami  of  a  slaty  texture,  with  straight  or  twisted  plates. 

It  exists  in  large  masses  in  the  bituminous  schists  of  Idria.    M.  Beurerd  mentions  also 

the  locality  of  Mnnster-Appel,  in  the  dutchy  of  Deux-Ponts,  where  the  ore  includes  im- 

•  pressions  at  fishes,  curiously  spotted  with  cinnabar. 

The  compact  variety  of  the  Idria  ore  seems  very  complex  in  composition,  according 
to  the  following  analysis  of  Klaproth : — Mercury,  81*8 ;  sulphur,  13*75 ;  carbon,  2*3  ; 
■liea,  0*65;  alumina,  0*55 ;  oxyde  of  iron,  0*20 ;  copper,  0-02;  vrater,  0*73  ;  in  100  parts. 
M.  Beurard  mentions  another  variety  from  the  Palatinate,  which  yields  a  large  quantity 
of  bitumen  by  distillation ;  and  it  was  present  in  all  the  specimens  of  these  ores  analyzed 
by  me  for  the  German  Mines  Company.  At  Idria  and  Almaden  the  sulphurets  are  ex- 
tremely rich  in  mercury. 

4.  Muriaied  mercury,  or  the  Chloride  of  mercury,  oommonly  called  Horn  mercury. 
This  ore  occurs  in  very  small  crystals  of  a  pearl-gray  or  greenish-gray  color,  or  in  small 
nipples  which  stud,  like  crystals,  the  cavities,  fissures,  or  geodes  among  the  ferruginous 
gangues  of  the  other  ores  of  mercury.  It  is  brittle,  and  entirely  volatile  at  the  blow-pipe, 
characters  which  distinguish  it  from  horn  silver. 

The  geological  position  of  the  mercurial  ores,  in  all  parts  of  the  world,  is  in  the  strata 
which  eommence  the  series  of  secondary  formations.  Scmietimes  they  are  found  in  the 
red  sandstone  above  the  coal,  as  at  Menildot,  in  the  (dd  dutchy  of  Deux-Ponts,  at 
I)afasno  in  Mexico,  at  Cuen^a  in  New  Granada,  at  Cerros  de  Gauzan  and  Upar  ia 
Peru ;  in  the  subordinate  porphyries,  as  at  Deux-Ponts,  San  Juan  de  la  Chica  in  Pent, 
and  at  Cerro-del-Fraile,  near  the  town  of  San  Felipe ;  tiiey  occur  also  among  the  strata 
bdowy  or  subordinate  to  the  calcareous  fytmktim^  eaUed  Mduttmi  Va.  Q(«ciaav|)  « 
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among  the  accompanying  bituminous  schists,  as  at  Uria  in  Carniola ;  and,  lastly^  thejr 
form  masses  in  the  zechstein  itself.  Thus,  it  appears  that  the  mercurial  deposites  an 
confined  within  very  narrow  geological  limits,  between  the  calcareous  beds  of  zeehstcn, 
and  the  red  sandstone.  They  occur  at  times  in  carbonaceous  nodules,  derived  finoBi  the 
decomposition  of  mosses  of  various  kinds ;  and  the  whole  mercurial  depoaite  is  occasM- 
ally  covered  with  beds  of  charcoal,  as  at  Durasno. 

They  are  even  sometimes  accompanied  with  the  remains  of  organic  bodiea,  sn^  as 
castfi  of  fishes,  fossil  shells,  eilicified  wood,  and  true 'coal.  The  last  fact  has  bcea 
observed  at  Potzberg,  in  the  works  of  Drey-Koenigszug,  by  M.  Brongniart.  Thcte 
sandstones,  bituminous  schists,  and  indurated  clays,  contain  mercury  both  in  the  state  of 
sulphuret  and  in  the  native  form.  They  are  more  or  less  penetratei  with  the  ore,  icini> 
ing  sometimes  numerous  beds  of  very  great  thickness ;  while,  in  the  more  ancient  or 
the  primitive  formations,  these  ores  exist  only  in  very  small  quantity  associated  with  tia. 
Mercury  is,  generally  speaking,  a  metal  sparingly  distributed  in  nature,  and  its  mines  are 
very  rare. 

llie  great  exploitations  of  Idria  in  Friuli,  in  the  county  of  Goritz,  were  diseorered  ia 
1497,  and  the  principal  ore  mined  there  is  the  bituminous  sulphuret.  The  wotrkings 
of  this  mine  have  been  pushed  to  the  depth  of  280  yards.  The  product  in  quicksihrer 
might  easily  amount  annually  to  6000  metric  quintals=:600  tons  British ;  but,  in  cndcr  ta 
uphold  the  price  of  the  roetsJ,  the  Austrian  government  has  restricted  the  production  ta 
150  tons.  The  memorable  fire  of  1803  was  most  disastrous  to  these  mines.  It  was  ex- 
tinguished only  by  drowning  all  the  underground  workings.  The  sublimed  mdreory  in 
this  catastrophe  occasioned  diseases  and  nervous  tremblings  to  more  than  900  persons  in 
the  neighborhood. 

Pliny  has  recorded  two  interesting  facts :  1.  that  the  Greeks  imported  red  cinnabar 
from  Almaden  700  years  before  the  Christian  era ;  and  2.  that  Rome,  in  his  time,  annu- 
ally received  700,000  pounds  from  the  same  mines.  Since  1827,  they  have  prodvced 
22,000  cwts.  of  mercury  every  year,  with  a  corps  of  700  miners  and  200  smelters ;  and, 
indeed,  the  veins  are  so  extremely  rich,  that  though  they  have  been  worked  pretty  con- 
stantly during  so  many  centuries,  the  mines  have  hardly  reached  the  depth  of  330  ]raids, 
or  something  less  than  1000  feet.  The  lode  actually  under  exploration  is  from  14  to  16 
3rards  thick ;  and  it  becomes  thicker  still  at  the  crossing  of  the  veins.  The  totality  of  the 
ore  is  extracted.  It  yields  in  their  smelting  works  only  10  per  cent,  upon  an  average, 
but  there  is  no  doubt,  from  the  analysis  of  the  ores,  that  nearly  one  half  of  the  quicksilver 
is  lost,  and  dispersed  in  the  air,  to  the  great  injury  of  the  workmen's  health,  in  conse- 
quence of  the  barbarous  apparatus  of  aludels  employed  in  its  sublimation ;  an  apparatas 
which  has  remained  without  any  material  change  for  the  better  since  the  days  of  the 
Moorish  dominion  in  Spain.  M.  Le  Play,  the  eminent  Ingenieur  des  Mihea,  who  pubUshed, 
in  a  recent  volume  of  the  Annales  des  Mines,  his  Itiniraire  to  Almaden,  says,  that  the 
mercurial  contents  of  the  ores  are  notcU>lement  plus  elevSes  than  the  product. 

These  veins  extend  all  the  way  from  the  town  of  Chillon  to  Almadenejos.  Upon 
the  borders  of  the  streamlet  Balde  Azogues,  a  black  slate  is  also  mined  which  is  abun- 
dantly impregnated  with  metallic  mercury.  The  ores  are  treated  in  13  double  fkr- 
naces,  which  I  shall  presently  describe.  "  Le  mercure,"  says  M.  Le  Play,  '*  a  snr  la 
sante  des  ouvriers  la  plus  funeste  influence,  et  1'  on  ne  pent  se  d^fendre  d''ni)  smtinieBt 
p^nible  en  voyant  V  empressement  avec  lequel  des  jeunes  gens,  pleins  de  force  et  de 
sante,  se  disputent  la  faveur  d'  aller  chercher  dans  les  mines,  des  maladies  cneUes,  et 
souvent  une  mort  prrmaturee.  La  population  des  mineurs  d'  Almaden  m^ritent  le  ]das 
haut  interet."  These  victims  of  a  deplorable  mismanagement  are  described  as  bemg  a 
laborious,  simple-minded,  virtuous  race  of  beings,  wjio  are  thus  condemned  to  breathe 
an  atmosphere  impregnated  far  and  near  with  the  fumes  of  a  volatile  poison,  whtdi 
the  lessons  of  science,  as  I  shall  presently  demonstrate,  might  readily  repress,  with  the 
effect  of  not  only  protecting  the  health  of  the  population,  but  of  vastly  augmenting  the 
revenues  of  the  state. 

These  celebrated  mines,  near  to  which  lie  those  of  Las  Cuebas  and  of  Jlimademjoi, 
were  kno^^^l  to  the  Romans.  AAer  having  been  the  property  of  the  religious  knights  of 
Calairaroy  who  had  assisted  in  expelling  the  Moors,  they  were  farmed  ofl' to  the  celebrated 
Fugger  merchants  of  Augsbourg;  and  aftefwards  explored  on  account  of  the  government, 
from  the  dale  of  1646  till  the  present  time.  Their  produce  was,  till  very  lately,  entirely 
appropriated  to  the  treatment  of  the  gold  and  silver  ores  of  the  new  world. 

The  mines  of  the  Palatinate,  situated  on  the  left  bank  of  the  Rhine,  though  they  do  not 
approach  in  richness  and  importance  to  those  of  Idria  and  Almaden,  merit,  however,  all 
the  attention  of  the  government  that  farms  them  out.  They  are  numerous,  and  varied  in 
geological  position.  Those  of  Drey-Koenigszug,  at  Potzberg,  near  Kussel,  deserve  par- 
ticular notice.  The  workings  have  reached  a  depth  of  more  than  220  yards ;  the  cxre  be- 
ing a  sandstone  strongly  impregnated  with  sulphuret  of  mercury.  The  produce  of  these 
ja&iet  ia  egtiamted  at  aboat  30  tons  per  aniuim. 
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There  ire  alio  in  Hungary,  Bohemia,  and  •ereral  oilier  pwU  of  Genoanr,  mhdc  ineoD- 
•idei^le  ciploitatiaDB  of  merciuy,  the  total  prodnce  of  which  ii  valued  at  aboat  30  or  40 
tOM  on  an  average  of  leveral  jnn. 

The  mines  oT  GuBncavelica,  in  Peru,  are  the  more  inleretting,  as  their  prodncta  are 
directly  employed  in  treating  the  ore*  of  gold  and  silver,  which  abound  in  that  portion 
of  America.  These  qnicksilver  mines,  explored  since  ISTO,  produced,  np  to  ISOO,  53,700 
Ions  of  that  metal ;  bnt  the  acta*!  prodnee  of  the  eiploniians  of  these  conntiies  was, 
Bceoiding  to  Helms,  abont  the  beginning  of  this  centoiy,  from  ITD  to  ISO  tons  per 

In  1782,  reconrse  was  had  by  the  South  American  minen  to  the  mercury  extracted  in 
the  province  of  Yun-nan,  in  China. 

Tie  DteiaUnrgic  treatment  of  the  quieluilver  ores  is  tolerably  simple.  In  general, 
irben  the  sulphnrel  of  mercury,  the  most  conunon  ore,  baa  been  pulverized,  and  some- 
times washed,  it  is  introduced  into  retorts  of  cast-iron,  sheet-iron,  or  even  stoneware,  in 
mixture  with  an  equal  weight  of  quidtlime.  These  retorts  are  arranged  in  variooa 
w»ys. 

Prior  to  the  ITth  century,  the  method  called  ptr  deieauam  was  the  only  one  in  ose 
for  distilling  nterrary  j  and  it  was  effected  by  means  of  two  earthen  pots  adjugied  over 
each  other.  The  upper  pot,  filled  with  ore,  and  closed  at  the  lop,  was  covered  over  with 
bamiag  fbel  j  and  the  mercurial  vapors  expelled  by  the  heat,  passed  down  through  small 
ikoles  in  the  bottom  of  the  pot,  to  be  condensed  in  another  vessel  placed  below. 
However  eonvenienl  this  apparatus  might  be,  on  scconni  of  the  facility  of  transporting 
it,  whe'ever  the  ore  was  found,  its  inefficiency  and  [he  losses  it  accaeioned  were  eventu- 
ally recognised.  Hence,  before  J635,  lome  smelting  works  of  the  Falalinale  had  given 
np  the  method  ptr  dticemum,  which  was,  however,  alill  retained  in  Idria ;  and  thej  sub- 
atilated  for  it  the  furnaces  called  gallrriei.  At  Srsl,  earthenware  retorts  were  employed 
IB  these  fumaees  ;  bnt  they  were  soon  succeeded  by  iron  retorts.  In  the  Palatinate  this 
mode  of  operatinR  is  still  in  use.  At  Idria,  in  the  year  1760.  a  great  diatillaloty  appn- 
ntns  was  establiriied  for  the  treatment  of  the  mercurial  ores.  In  imitation  of  those  which 
previously  existed  at  Almaden,  in  Spain,  and  called  atndd-funacei.  But,-  since  1794, 
these  aludeb  have  been  suppressed,  and  new  distillatory  apparatus  have  been  constructed 
Bt  Idria,  remarkable  only  for  their  magnitude ;  exceeding,  in  this  respect,  every  other 
metallurgic  erection. 

There  exist,  therefore,  three  kinds  of  apparatus  for  the  dJstillHtioa  of  mercury;  I.  the 
fVimaee  called  a  gaUtn/;  2.  the  furnace  with  aludtU;  and  3.  the  largi  appaTotiu  of 
Idria.    I  shall  describe  each  of  these  briefly,  in  Buccession. 

1.  Fiinuat  caUtd  Gallery  of  Iht  Palalinalf, — The  construction  of  this  fnmace  is  dis- 
poaed  so  as  to  contain  fonr  ranges,  a  a',  b  b',  of  large  retorts,  styled  cuenrbits,  of  cast-iron, 
in  which  the  ore  of  mercury  is  eubjectal  to  distillation.  This  arrangement  is  shown  in 
fig.  656,  which  presents  a  vertical  section  lathe  line  at  of  the  ground  plan, /g.  657.  In 
the  groDud  plan,  the  roof  ( t'  of  the  furnace  (fig.  656)  is  snppoaed  to  be  lifted  off,  in 
order  to  show  the  disposition  of  the  four  ranges  of  cocnrbits  open  the  grate  c  /, 
figt.  656,  657,  which  receives  the  pit-coal  employed  as  fuel.  Undei-  this  grate  extends 
an  ash-pit  d.  Fig.  65H,  which  exhibits  an  elevation  of  the  furnace,  points  ont  this 
•sh-pit,  as  well  as  one  of  the  two  doors  c,  by  which  the  fuel  is  thrown  upon  the  grate 
656  657  c  /.     Openings  1 1,  (fig.  656,)  are 

len  over  the  top  arch  of  the  Air- 
nace,  whereby  the  draught  of  air 
nay  receive  a  suitable  direction. 
The  grate  of  the  fireplace  extends  ' 
over  the  whole  length  of  the  fur- 
nace, fig.  657,  from  the  door  e  to 
the  door  /,  situated  at  the  opposite 
extremity.  The  fnmace  called  gal- 
Im  includes  commonly  30  cucurbits, 
and  in  some  establu^ments  even 
52.  Into  each  are  introduced  from 
56  to  70  pounds  of  ore,  and  15  to 
18  pounds  of  quicklime,  a  mixture 
which  flUs  DO  more  than  two  third* 
of  the  cucnrbit;  to  the  neck  • 
stoneware  receiver  is  adapted,  con- 
taining water  to  half  its  height. 
The  fire,  at  liral  moilerote,  1':  cmjiLiioIIv  jm-licd  till  the  cucnrbils  are  red  hot.  The 
operation  being  concluded,  the  contents  of  the  receivers  are  poured  out  into  a  woodcsi 
howl  placed  upon  a  plank  above  a  bucket ;  the  quicksilver  falls  to  the  bottom  of 
Ihe  bcnri,  and  the  water  draws  over  the  iladc  mvcmy,  for  so  Ute  va!bB\^keft  Wi  <»*!« 


it  use  Bl  Almwlen,  and  ancienll 


die  iuide  of  the  reeetTtn  ia  Mll«d.  Tliii  b  eouidercd  to  be  •  mhtOK  ot  nlpkntt 
uul  cacTde  of  mercnir.  The  blade  mtrtury,  taken  oat  oT  the  tnfa  mud  dried,  ia  dklillil 
uiew  wiifa  excestoTliiiiei  after  which  Ihe  leiidaiui]  in  tberetmti  it  thnnra  tiwmj,m 

9  and  660  reprcKnt  the  great  fi 
ncienUy  in  Idria ;  for  between  the  two  eg 
there  was  in  Ihet  UiUe  diffi^ce  beToie  the  year  1794.  Figi.  669  aod  66S  praamt  tm 
veitieal  tedion* ;  fift.  660  and  661  an  two  plans  of  two  timiUr  fnrnacea,  eoiqoned  ia 
-"  one  body  of  brickwork,  la  the  tam 
figure*  the  followins  otqecta  are  la  te 
remaiked :  a  door  a,  by  which  the  voad 
it  istrodnced  into  Uie  fire-place  b.  Ttk 
ii  perfbrated  wilh  holes  for  the  |]aiwy 
of  air  I  the  aah-pit  c  i*  teen  benealL 
An  upper  chamber,  il,  containi  Iha  mK- 
curia]  orei  distribated  upon  <men  ma^a, 
which  form  the  perforated  Bole  rf 
(hii  chamber.  ImmedialelT  erer  (hot 
arches,  there  are  piled  np,  in  «  diMt 
form,  large  blocki  of  a  limeatoite,  TCfj 
poor  in  quickiilver  ore ;  abore  theae 
are  laid  blocks  of  a  nnaller  *ise,  thea 
ore*  of  rather  inftrior  qaalitTi  a*d 
stamped  ores  mixed  with  richer  mia^ 
lals.  Lastly,  the  whole  is  covered  as 
with  soft  bricks,  formed  of  clay  loseadM 
with  idtttch,  aiul  with  small  pieces  of 
■ulphurel  of  mercury.  8ii  rmngea  of 
aludels  or  stoneware  tubes//,  of  a  peai 
shape,  luted  toother  with  clay,  are 
mounted  in  front  of  each  of  the  two  for. 
□aces,  on  a  double  sloping  lerrace,  haiini 
"tale, 


iBto  the  bole  ni,  Jig.  660,  and  after  that  bio  the  wooden  pipes  h  h',fig.  6SB,  which  com 
duet  it  aerosa  the  masonry  of  the  terrace  into  cisterns  filled  with  water  j  Meg,jlf.661, 
«Ud  is  the  plan  of  ;lg.  662. 
The  portion  of  merenry  not  condenaed  in  the  nnge  of  aladels,/  g,  which  ii  the  mcM 
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in  Ilw  lUte  of  Vapor,  into  ■  ehunber  ft ;  but  in  jMnmg  nidgr  * 
fBTtilkm  i  I,  ■  eertBin  ponioa  ii  depotited  in  i  cittern  i,  filled  with  trater.  Tlie  gteatBr 
part  ct  the  vapon  diffiucd  in  Ibe  chamber  k'  it  Ibcreby  coDdensed,  and  the  mercury 
JUb  down  npon  the  two  inclined  planes  which  fonn  iti  botlom.  What  may  itill  eiitt 
•a  npcr  panet  into  an  Dpper  chamber  ft',  by  a  BmsU  chimney  a.  On  one  of  the  tides 
tt  this  duunber  there  a  a  shntter  which  may  be  opened  at  plesMire  from  below  upwaida, 
•nd  beneath  Ibis  abutter,  there  ia  a  gutter  into  which  a  notable  quantity  of  mercury 
collects.  Hnch  of  it  is  alio  found  condensed  in  the  aludels.  These  facts  proTC  that  this 
prDcen  has  inconveniences  which  hare  been  tried  to  be  remedied  by  the  more  eitensiTe 
bol  lulber  nnchemical  grand  appacalni  of  Idris. 

Details  of  ibe  aludci  apparatas  i  25  are  set  in  each  of  the  IS  nuiges,  seen  in  fig.  661, 
eonstitutiag  SOU  peai-sbaped  stoneware  vessels,  open  at  both  ends,  being  merely  thrust  into 
me  another,  snil  luted  with  loam.  What  a  maltitude  of  joints,  of  which  a  great  maoy 
■nut  be  eontiDoall)'  giving  way  by  the  shrinkage  of  the  luting,  whereby  the  mercuiial 
Aonea  will  escape  with  ttreat  loss  ofprDdncl,  to  poison  the  airl 

m,  it  the  door  of  the  fire-place ;  c,  the  perfonted  arches  upon  which  the  <at  it  piled  in 
tke  cbanber  t,  Ihroagb  the  door  d,  and  tin  orifice  at  (op  ;  the  Utter  being  closed  dnring 
tile  distillatioD ;  /  /  are  vents  for  conducting  the  mercurial  vapors  into  two  chambers  J, 
Wpaiated  by  a  triangular  body  of  masonry  mn;  A  is  the  smoke  chimney  of  the  fire-place; 
o  a,  are  the  ranges  of  aludels,  in  connexion  with  the  cbambeT  t,  which  are  Uid  slantingly 
towards  the  gutter  q,  upon  the  double  inclined  plane  terrace,  and  tenninate  in  the 
chamber  A  9;  this  being  surmounted  by  two  chimneja /,  The  mercury  is  collected  in 
these  aludels  and  in  the  basins  at  g  and  p,  fig.  661.  r  is  a  thin  stone  partition  set  up 
between  the  two  principal  walls  of  each  of  the  furnaces,  v  is  the  stair  of  the  aludel  ter- 
race, leading  to  the  platform  which  surmounts  the  furnace  ;  x  it  a  gutter  for  conducting 
away  Ibe  niins  which  may  fall  upon  the  buildings. 

Grtal  apparaiui  of  /ifriii.— Before  entering  into  details  of  this  laboralory,  it  will  not 
be  useless  lo  recapitulate  the  metallitfgic  classifieatioQ  of  the  oret  treated  in  it.  1.  the 
ores  in  large  blocks,  fragments,  or  shiTcrs,  whose  size  varies  ttom  a  cubic  foot  to  that  of 
a  nut.    2.  The  smaller  ores,  from  the  size  of  a  nul  to  that  of  grains  of  dual. 

The  first  dasa  of  largi  ores  comprises  three  subdivisions,  namely  ;  a,  blocks  of  metal- 
lileroua  rocks,  which  is  the  most  abuudant  and  the  poorest  specie*  of  ore,  afibrding  only 
onepercta'.  of  mercury;  i,  the  massive  sulphuretof  mercury,  the  richest  and  iwest  ore, 
Tickling  80  per  feat,  when  it  is  picked ;  e,  the  fragments  or  splinters  proceeding  from  the 
Ireaking  and  sorting,  and  which  vary  in  value,  from  1  to  40  per  cnl. 

The  second  data  of  small  ores  comprises :  d,  the  fragments  tr  shivers  extracted  from  the 
mine  in  the  state  of  little  pieces,  affording  from  10  to  13  ptr  ttnl. ;  t,  the  kernels  of  ore 
•eporateil  on  the  sieve,  yielding  32piretnt.  ,-/tbe  sands  and  paste  called  icMtdh,  obtain' 
oil  in  the  treatment  of  the  poorest  ores,  by  means  of  the  stamp*  and  washing  tablet ; 
lOO  parts  of  this  itUieh  give  at  least  6  of  quicksilver. 
Thegeneralaspeetof  the  apparatas  ia  indicated  by  Jigs.  663,  664,  and  685.  Fig.  96b, 
repretentt  the  exterior,  bat  only  one 
half,  which  it  enough,  as  it  resemhiea 
exactly  the  other,  which  it  not  showii. 
In  tboe  three  figures  the  following  ob- 
ject may  be  dittinguiahed ;  figi.  663, 
604,  a,  door  at  the  fire-place;  6,  the 
fumiee  in  which  beecb-wood  is  burned 
mixed  with  a  little  fir-wood ;  r,  dooa 
of  the  ash-pit,  extended  beneath ;  4, 
deposited  upon  the  seven  arches,  1  to  7,  at  indicated  in 
hriek  tunnels,  by  which  the  smoke  at  the  fliel  and  tha  vapon  at 
aide,  into  suceeasive  chambers/ ft. 


X  in  which  the 
fi^.  663,  and  666  ;  < 
nercniT  pu^  on  tke  I 
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opeaingi  on  «k1i  tide  of  the  mow  nmuc,  mnd  in  each  half  of  the  i. . 

donble,  M j!r.  664sbowi;  clic  ipaces  wilbont  leHen  being  itmtrj  retpeet  HmilBr  toll* 

(pace*  menlioBed  below.    Fig.  664  ia  double  the  scale  of  fig.  663. 

m  m',  fig.  664,  are  buins  of  reception,  distiibnltd  before  the  ioon  «f  each  of  Ik 
timmbmfk/'k'.  The  condensed  mercury  tcbich  flom  out  of  the  chambera  il  conTCfel 
thither,  a  n'  it  a  trench  into  vhich  the  mercnrf,  afl«r  being  lifted  into  the  baaiaa  a^  k 
poured,  10  that  it  may  run  towards  a  common  chamba  a,  in  the  doping  diiectioB 
indicated  bj  the  arrowa.  o  leads  to  the  chamber  where  the  mercury  ii  leeeiTed  iatD  ■ 
porphyry  trough )  out  of  which  il  ia  laded  and  packed  up  in  portion*  et  BOdt  100  Iki. 
I  in  sbeep-ikias  prepared  with  alum,  pp',  fig.  663,  are  vaulted  arches,  thnm^  wta)^  a 
circulation  may  go  on  round  the  furnace  ab  cd,aa  the  ground  leTcl.  q  ^  are  the  taalti 
of  the  upper  stories,  r  r',  fig.  665,  vaults  which  permit  aeccn  to  the  tuueli  «*  <*, 
fig.  663. 

•  ('and  t  f,fig.  665,  are  the doora of  the chamben/fc and/'fe'.  Hieae openiogi Ma 
shut  during  the  distillation  by  wooden  doors  faced  with  iron,  and  Inted  with  ■  modal  if 
clay  and  lime,  u  u'  is  (he  door  of  the  vaults  1  to  7  of  the  fhmoce  repreaenled  ii 
fig.  663.  These  openings  are  henneiieally  shift,  lilie  the  preceding,  t  V,  fig.  fi6I,ai« 
superior  opeuings  of  the  chambera,  closed  dning  the  opeialion  by  Inted  plugs ;  they  m 
opened  aJUrwaids  to  facilitate  the  cooling  of  (he  apparatus,  and  to  coUeet  the  mefcnn) 
MOt.    *y  t,  fig.  666,  are  floon  which  correspond  to  the  doors  a  a'  of  the  vanlta  I UT, 


fig.  669.  These  floors  are  reached  by  stairs  set  up  in  the  different  parts  of  the  bnitdi^, 
which  contains  the  whole  apparatus. 

On  the  lower  arches  the  largest  blocks  of  metaUiTerons  rock  are  laid ;  over  then  tba 
less  bulky  frngments  are  arranged,  which  are  covered  with  the  shivers  and  pieces  of  lea 
dimension.  On  the  middle  vaults,  the  small  ore  is  placed,  distributed  into  cyliDdrieal  pip- 
kins of  earthenware,  of  10  inches  diameter  and  5  inches  depth.  The  upper  vaolti  recti w 
likewise  pipkins  filled  with  the  sands  and  pastes  called  iMieh. 

In  3  hours,  by  the  labor  of  40  men,  (he  (wo  double  sets  of  apparatus  are  charged,  and 
all  the  apertures  are  closed.  A  quick  Gre  of  beech-wood  is  then  kindled ;  and  when  the 
whole  mass  has  become  sufficiently  healed,  the  sulphnrel  of  mercury  begins  to  vapor- 
ize i  coming  into  contact  with  the  portion  of  oijgen  which  had  not  been  carbonat^ 
by  combustion,  its  sulphur  bums  into  sulphurous  acid,  while  the  mercury  becomes  f>«e, 
posses  wilh  the  other  vapors  into  the  chambers  for  condensing  it,  and  precipitates  in  the 
liquid  form  at  a  greater  or  less  distance  from  the  lire-plBce.  The  walls  of  the  ehamben 
and  the  Boors,  with  which  their  lower  portion  ia  covered,  are  soon  coated  over  with  ■ 
black  mercurial  soot,  which,  being  treated  anew,  famiahes  50  per  cent,  of  mercury.  The 
distillation  lasts  from  10  to  1 2  hours ;  during  which  lime  the  whole  furnace  ia  kept  at 
a  cherry-red  beat.  A  complete  charge  for  the  two  double  apparatus,  consists  of  fraa 
lOOO  to  1300  quintals  of  ore,  which  produce  from  30  to  90  quinlala  of  running  mercury. 
The  furnace  takes  from  5  to  6  days  to  cool,  according  to  the  state  of  the  weather ;  and 
if  to  that  period  be  added  the  lime  requisite  for  withdrawing  the  residnums,  and  attend, 
ing  to  Kuch  repairs  as  the  furnace  may  need,  it  is  obvious  that  only  one  distillatioa  can  be 
pnformed  in  the  course  of  a  week. 

In  the  works  of  Idria,  in  1812,  56,686  quintals  and  a  half  of  quiekailver  ores  wa«  dis- 
tilled, after  undergoing  a  vefy  careful  mechanical  preparation.  They  afforded  4632  quin- 
tals of  ranningmercury;  a  quantity  coireaponding  to  about  8)  fxr  rn(.  of  the  ore.  llieee 
smelting  works  are  about  ISO  feet  long  and  30  feet  high. 

Upon  the  preceding  three  systetns  of  srDelting  mercurial  ores,  I  shall  now  toaka  mbw 
observations. 

It  has  been  long  well  known,  that  quicksilver  may  be  most  readily  extracted  Onn 
eiiuuibar,  by  heating  il  in  contact  with  qoicklime.    The  nilphui  of  the  cinnabat  cob- 
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Mnes,  tiy  Tirtiie  of  a  saperior  affinity  with  the  lime,  to  the  exdosion  of  the  quicksilTery 
to  form  sulphurets  of  lime  and  calciam,  both  of  which  being  fixed  hepars,  remain  in  the 
retort  while  the  mercury  is  volatilized  by  the  heat.  In  a  few  places,  hammerschlag,  or 
the  iron  cinder,  driven  off  from  the  blooms  by  the  tilting  luunmer,  has  been  used  instead 
of  lime  in  the  reduction  of  this  mercurial  ore,  whereby  sulphurous  acid  and  sulphuret  of 
iron  are  formed. 

The  annual  production  of  the  Bavarian  Rhine  provinces  has  been  estimated  at  from 
400  to  550  quintals ;  that  of  Ahnaden,  in  the  year  1827,  was  22,000  quintals ;  and  of 
Iiiria,  at  present,  is  not  more  than  1500  quintals. 

All  the  plans  hitherto  prescribed  for  distilling  the  ore  along  with  quicklime,  are  re- 
markably rude.  In  that  practised  at  Landsberg  by  Obermoschel,  there  is.a  great  waste 
of  labor,  in  charging  the  numerous  small  cucurbits ;  there  is  a  great  waste  of  fuel  in  the 
mode  of  heating  them ;  a  great  waste  of  mercury  by  the  imperfect  luting  of  the  retorts 
to  the  receivers,  as  well  as  the  imperfect  condensation  of  the  mercurial  vapors ;  and 
probably  a  considerable  loss  by  pilfering. 

The  modes  practised  at  Almaden  and  Idria  are,  in  the  greatest  degree,  barbarous ;  the 
ores  being  heated  upon  open  arches,  and  the  vapors  attempted  to  be  condensed  by  enclo- 
ting  them  within  brick  or  stone  and  mortar  walls,  which  can  never  be  rendered  either 
sufficiently  tight  or  cool. 

To  obviate  all  these  inconveniences  and  sources  of  loss,  the  proper  chemical  arrange- 
ments suited  to  the  present  improved  state  of  the  arts  ought  to  be  adopted,  by  which 
labor,  fuel,  and  mercury,  might  all  be  economized  to  the  utmost  extent.  Tlie  only 
apparatus  fit  to  be  employed  is  a  series  of  cast-iron  cylinder  retorts,  somewhat  like 
those  employed  in  the  coal  gas  works,  but  with  peculiarities  suited  to  the  condensation 
of  the  mercurial  vapors.  Into  each  of  these  retorts,  supposed  to  be  at  least  one  foot 
square  in  area,  and  7  feet  long,  6  or  7  cwts.  o^  mixture  of  the  ground  ore  with  the 
quicklime,  may  be  easily  introduced,  from  a  measured  heap,  by  means  of  a  shovel. 
The  specific  gravity  of  the  cinnabar  being  more  than  6  times  Uiat  of  water,  a  cubic  foot 
of  it  will  weigh  more  than  3|  cwts. ;  but  supposing  the  mixture  of  it  with  quicklime 
^when  the  ore  does  not  contain  the  calcareous  matter  itself)  to  be  only  thrice  the 
density  of  water,  then  four  cubic  feet  might  be  put  into  each  of  the  above  retorts,  and 
still  leave  1|  cubic  feet  of  empty  space  for  the  expansion  of  volume  which  may  take  place 
in  the  decomposition.  The  ore  should  certainly  be  ground  to  a  moderately  fine  powder, 
by  stamps,  iron  cylinders,  or  an  edge  wheel,  so  that  when  mixed  with  quicklime,  the  cin- 
nabar may  be  brought  into  intimate  contact  with  its  decomposer,  otherwise  much  of  it  will 
be  dissipated  unprtxluctively  in  fumes,  for  it  is  extremely  volatile. 

Figs.  667,  668,  669,  represent  a  cheap  and  powerful  apparatus  which  I  contrived  at 
the  request  of  the  German  Mines  Company  of  London,  and  which  is  now  mounted  at 
Landsberg,  near  Obermoschel,  in  the  Bavarian  Rhein-Kreis. 

Fig.  667,  is  a  section  parallel  to  the  front  elevation  of  three  arched  benches  of  retorts, 

667 


of  the  size  above  specified.  Each  bench  contains  3  retorts,  of  the  form  represented  by 
a  a  a.  i,  is  the  single  fire-place  or  furnace,  capable  of  giving  adequate  ignition  by 
eoal  or  wood,  to  the  three  retorts.  The  retorts  were  built  up  in  an  excellent  manner, 
by  an  English  mason  perfectly  acquainted  with  the  best  modes  of  erecting  coal-gas 
retorts,  who  was  sent  over  on  purpose.  The  path  of  the  flame  and  smoke  is  precisely 
similar  to  that  represented  in  fig.  483,  page  555,  whereby  the  uppermost  retort  is 
immersed  in  a  bath  of  uniformly  ignited  air,  while  the  currents  reverberated  from  the 
top,  play  round  the  two  undermost  retorts,  in  their  way  to  the  vent-fiaes  beneath 
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them.    The  hottom  of  the  nppennoet  retort  is  protected  from  the  direct  imxptim  of  As 
flame  by  fire-tiles.    The  dotted  lines  k  k,  sho^  the  paths  of  the  chimneys  which  riae  at 
the  back  ends  of  the  retorts. 
In  the  section,  fig.  668^  a  is  the  body  of  the  retort ;  iu  month  at  the  right  haad  c^ 
'^'*  is  shut,  as  usual,  by  a  luted  iron  lid,  second 

with  a  cross-bar  and  screw-bolts  |  its  sChsr 
end  is  prolonged  by  a  sloping  pipe  of  eaM 
iron,  4  inches  in  diameter,  Ainiished  with  a 
nozzle  hole  at  l,  closed  with  a  screw  pl^p. 
Through  this  hole  a  wire  Funmer  nay 
be  introduced,  tp  ascerta^i  that  the  tube  ii 
pervious,  and  to  cleanse  it  from  the  mcr> 
curial  soot,  when  thought  necessary,  ci  u 
a  cross  section  of  the  main  condenser,  shcm 
in  a  longitudinal  section  at  c  c,  fig.  MBl 
This  pipe  is  18  inches  in  diameter,  aad 
about  20  feet  long.  At  a  a,  A«.,  the  back 
ends  of  the  retorts  are  seen,  with  the 
slanting  tubes  6  b,  &«.,  descending  throagh* 
orifices  in  the  upper  surface  of  the  eoa- 
denser  pipe,  and  dipping  their  ends  j«t 
below  the  water-line  k  i,  g,  is  the  cap  cf 
a  water  valve,  which  removes  all  risk  fiesi 
sudden  expansion  or  condensatioiL.  The 
condenser  is  placed  within  a  rectangular  trough,  made  either  of  wood  at  stone,  tkno^ 
which  a  suflicicnt  stream  of  water  passes  to  keep  it  perfectly  cool,  and  repress  cfery 
trace  of  mercurial  vapor,  and  it  is  laid  Vith  a  slight  inclination  from  t  to  A,  so  that  tht 
condensed  quicksilver  may  spontaneously  flow  akmg  its  bottom,  and  pass  throngh  the 


vertical  tube  d  into  the  locked  up  iron  chest,  or  magazine  e.  This  tube  d  is  fVom  the 
beginning  closed  at  bottom,  by  immersion  in  a  shallow  iron  cup,  always  filled  with  mer- 
cury, fe  is  a  graduated  gauge  rod,  to  indicate  the  progressive  accumulation  of  quicksilver 
in  the  chest,  without  hang  under  the  necessity  of  unlocking  it. 

This  air-tight  apparatus  was  erected  about  a  year  ago,  and  has  been  found  to  act 
perfectly  well ;  I  regret,  however,  that  my  professional  engagen^ents  at  home  have  not 
hitherto  permitted  me  to  conduct  its  operations  personally  for  some  days.  The  average 
samples  of  cinnabar  ore  from  Obermoschel  are  ten  times  poorer  than  those  of  Almaden. 
Were  such  an  apparatus  as  the  above,  with  some  slight  modifications  which  have  lat^ 
occurred  to  me,  mounted  for  the  Spanish  mines,  I  am  confident  that  their  produce  In 
quicksilver  might  be  nearly  doubled,  with  a  vast  economy  of  fuel,  labor,  and  hnmsB 
life.  The  whole  cost  of  the  9  large  retorts,  with  their  condensing  apparatus,  inm 
magazine,  &c.,  was  very  little  more  than  ttco  hundred  pounds  !  As  the  retorts  are  kept 
in  a  state  of  nearly  unifonn  ignition,  like  those  of  the  gas  works,  neiUier  tiiey  nor 
the  furnaces  are  liable  to  be  injured  in  their  joints  by  the  alternate  contractions  and 
expansions,  which  they  would  inevitably  suffer  if  allowed  to  cool ;  and  being  always 
ready  heated  to  the  proper  pitch  for  decomposing  the  mercurial  ores,  they  are  capable 
of  working  ofif  a  charge,  under  skilful  management,  in  the  course  of  3  hours.  That, 
in  24  hours,  with  a  relay  of  laborers,  8  charges  of  at  least  5  cwts.  of  ore  each, 
might  be  smelted=2  tons,  with  3  retorts,  and  6  tons  with  9  retorts;  with  a  daily 
prcxluct  from  the  rich  ores  of  Almaden,  or  even  Idria,  of  from  12  cwts.  to  20  cwta^ 
Instead  of  3  benches  of  3  retorts  each,  I  would  recommend  15  benches,  containing  45 
retorts,  to  be  erected  fbr  either  the  Almaden  or  Idria  mines ;  which,  while  they  would 
smelt  all  their  ores,  could  be  got  for  a  sum  not  much  exceeding  1000/.,  an  outlay  which 
they  would  reimburse  within  a  month  or  two. 

Quicksilver  is  a  substance  of  paramount  value  to  science.  Its  great  density  and  its 
regaJAT  nte  of  expansion  and  contraction  by  increase  and  diminution  of  tempentan^ 


MERCURY.  817 

girt  it  the  preferenee  over  all  liquids  for  filling  barometric  and  thermometric  tubes.  In 
chemistry  it  famishes  the  only  means  of  collecting  and  manipulating,  in  the  pneumatic 
trough,  such  gaseous  bodies  as  are  condensable  over  water.  To  its  aid,  in  this  respect, 
the  modem  adyancement  of  chemical  discovery  is  pre-eminently  due. 

Hiis  metal  alloyed  with  tin-foil  forms  the  reflecting  surface  of  looking  glasses,  and  by 
its  ready  solution  of  gold  or  silver,  and  subsequent  dissipation  by  a  moderate  heat,  it  be* 
comes  the  great  instrument  of  the  arts  of  gilding  and  silvering  copper  and  brass.  The 
same  property  makrs  it  so  available  in  extracting  these  precious  metals  from  their  ores. 
The  anatomist  applies  it  elegantly  to  distend  and  display  the  minuter  vessels  of  the 
lymphatic  system,  and  secretory  systems,  by  injecting  it  with  a  syringe  through  all  their 
oouTolutions.  It  is  the  basis  of  many  very  powerful  medicines,  at  present  probably  too 
indiscriminately  used,  to  the  great  detriment  of  English  society;  for  it  is  far  more 
sparingly  prescribed  by  practitioners  upon  the  continent  of  Europe,  not  otherwise  superior 
in  skill  or  science  to  those  of  Great  Britain. 

l^e  nitrate  of  mercury  is  employed  for  the  stcretage  of  rabbit  and  hare-skins,  that  is, 
for  communicating  to  the  fhr  of  these  and  other  quadrupeds  the  faculty  of  felting,  which 
they  do  not  naturally  possess.  With  this  view  the  solution  of  that  salt  is  applied  to  them 
lightly  in  one  direction  with  a  sponge.  A  compound  amalgam  of  zinc  and  tin  is  probably 
the  best  exciter  which  can  be  applied  to  the  cushions  of  electrical  machines.  Mercury 
imported  for  home  consumption  in  1836,  286,808  lbs. ;  in  1837,  314,036  lbs. 

The  only  mercurial  compounds  which  are  extensively  used  in  the  arts,  are  factitious 
cinnabar  or  Veemilion,  and  corrosive  sublimate. 

MERCURY,  BICHLORIDE  OF;  Corrosive  sublimate  (Deutochlorure  de  mercure,  Fr. ; 
^etzendes  qtucksUber  sublimat.  Germ.),  is  made  by  subliming  a  mixture  of  equal  parts  of 
persulphate  of  mercury,  prepared  as  above  descrihid,  and  sea-salt,  in  a  stoneware  cucur- 
bit. The  sublimate  rises  in  vapor,  and  incrusts  the  globular  glass  capital  with  a  white 
mliss  of  small  prismatic  needles.  Its  specific  gravity  is  5*14.  Its  taste  b  acrid,  stypto- 
metallic,  and  exceedingly  unpleasant.  It  is  soluble  in  20  parts  of  water,  at  the  ordinary 
temperature,  and  in  its  own  weight  of  boiling  water.  It  dissolves  in  2^  times  its  weight 
of  cold  alcohoL  It  is  a  very  deadly  poison.  Raw  white  of  egg  swallowed  in  profusion, 
is  the  best  antidote.  A  solution  of  corrosive  sublimate  has  ^een  long  employed  for  pre- 
serving soil  anatotaoical  preparations.  By  this  means  the  corpse  of  Colonel  Morland  was 
embalmed  in  order  to  be  brought  from  the  seat  of  war  to  Paris.  His  features  remained 
unaltered,  only  his  skin  was  brown,  and  his  body  was  so  hard  as  to  sound  like  a  piece  of 
wood  whien  strack  with  a  hammer. 

In  the  valuable  work  upon  the  dry  rot,  published  by  Mr.  Knowles,  secretary  of  the 
committee  of  inspectors  of  the  navy,  in  1821,  corrosive  sublimate  is  enumerated  among 
the  chemical  substances  which  had  been  prescribed  for  preventing  the  dry  rot  in  timber; 
nAd  it  is  well  known  that  Sir  H.  Davy  had,  several  years  before  that  date,  used  and 
recommended  to  the  Admiralty  and  Navy  Board,  corrosive  sublimate  as  an  anti-dry  rot 
application.  It  has  been  since  extensively  employed  by  a  joint-stock  company  for  the 
same  purpose,  under  the  title  of  Kyan's  patent. 

MERCURY,  PROTOCHLORIDE  OF;  CaUmdi  (Protochlorure  de  mercurey  Fr.; 
FersUsstes  queiksilberf  Germ.)  This  compound,  so  much  used  and  abused  by  medical 
practitioners,  is  commonly  prepared  by  triturating  four  parts  of  corrosive  sublimate  along 
with  three  parts  of  ranning  quicksilver  in  a  marble  mortar,  till  the  metallic  globules 
entirely  disappear,  with  the  production  of  a  black  powder,  which  is  to  be  put  into  a  glass 
balloon,  and  exposed  to  a  subliming  heat  in  a  sand  bath.  The  calomel,  which  rises  in 
vapor,  and  attaches  itself  in  a  crystalline  crust  to  the  upper  hemisphere  of  the  balloon, 
is  to  be  detached,  reduced  to  a  fine  powder,  or  levigated  and  elutriated.  200  lbs.  of  mer- 
ctu^  yield  236  of  calomel  and  272  of  corrosive  sublimate. 

The  foDowing  more  economical  process  is  that  adopted  at  the  Apothecaries'  Hall, 
London.  140  pounds  of  concentrated  sulphuric  acid  are  boiled  in  a  cast  iron  pot  upon 
100  pounds  of  mercury,  till  a  dry  persulphate  is  obtained.  Of  this  salt,  124  pounds  are 
triturated  with  81  pounds  of  mercury,  till  the  globules  disappear,  and  till  a  protosulphate 
be  formed.  This  is  to  be  intimately  mixed  with  68  pounds  of  sea-salt,  and  the  mixture, 
being  put  into  a  large  stone-ware  cucurbit,  is  to  be  submitted  to  a  subliming  heat.  See 
Calomcl. 

From  190  to  200  pounds  of  calomel  rise  in  a  crystalline  cake,  as  in  the  former  process, 
into  the  capital ;  while  sulphate  of  soda  remains  at  the  bottom  of  the  alembic.  The 
calomel  must  be  ground  to  an  impalpable  powder,  and  elutriafed.  The  vapors,  instead 
of  being  condensed  into  a  cake  within  the  top  of  the  globe  or  in  a  capital,  may  be  allowed 
to  diffuse  themselves  into  a  close  vessel,  containing  water  in  a  state  of  ebullition,  where* 
by  die  calomel  is  obtained  at  once  in  the  form  of  a  washed  impalpable  powder.  Calomel 
is  tasteless  and  insoluble  in  water.    Its  specific  gravity  is  7*176. 

For  the  compound  of  mercury  with  fulminic  acid,  see  Fulbunate.  Periodide  nf 
nartMnrff  Is  a  bright  but  fugitive  r^  p^ent.    It  is  eanly  prepared  by  dropping  a  adba^ksL 


818  METALLURGY. 

of  iodide  of  potassium  into  a  solution  of  corrosiye  sublimate,  as  long  as  any  preeipitatiM 
takes  place,  decanting  off  the  supernatant  muriate  of  potash,  washing  and  drying  the 
precipitate. 

METALLURGY  {Erzkunde,  Germ.)  is  the  art  of  extracting  metals  fnim  their  oral. 
This  art,  which  supplies  industry  with  the  instruments  most  essential  to  its  mmti,  if 
alike  dependant  upon  the  sciences  of  chemistry  and  mechanics ;  upon  the  former,  as 
directing  the  smelting  processes,  best  adapted  to  disentangle  each  metal  from  its  minenl- 
izer ;  upon  the  latter,  as  furnishing  the  means  of  grinding  the  ores,  ^  separating  the 
light  stony  parts  from  the  rich  metallic  matter. 

Notwithstanding  the  striking  analogy  which  exists  between  common  chenoLical  aad 
metaUurgic  operations,  since  both  are  employed  to  insulate  certain  bodies  from  others, 
there  are  essential  differences  which  should  be  carefully  noted.  In  the  first  place,  the 
quantity  of  materials  being  always  very  great  in  metallurgy,  requires  corresponding  adiq^ 
tations  of  apparatus,  and  oflen  produces  peculiar  phenomena ;  in  the  seeond  -plaice,  the 
agents  to  be  employed  for  treating  great  masses,  must  be  selected  with  a  view  to  eoonomy, 
as  well  as  to  chemical  action.*  In  analytical  chemistry,  the  main  object  being  exactness 
of  result,  and  purity  of  product,  little  attention  is  bestowed  upon  Uie  valae  of  the  rea- 
gents, on  account  of  the  small  quantity  required  for  any  particular  process.  Bot  ia 
smelting  metals  upon  the  great  scale,  profit  being  the  sole  object,  cheap  materials  aad 
easy  operations  alone  are  aidmissible. 

The  metallic  ores  as  presented  by  nature,  are  almost  always  mixed  with  a  consideraUe 
number  of  foreign  substances ;  and  could  not  therefore  be  adyantageonsly  sabmitted  to 
metallurgic  operations,  till  they  are  purified  and  concentrated  to  a  certain  degree  by 
various  methods. 

OF  THE  PREPABATION   (ft  OR£S  FOR  THE  SMELTIITO  BOTTSB. 

There  are  two  kinds  of  preparation ;  the  one  termed  mechanical,  from  the  means  eln- 
ploved,  and  the  results  obtained,  consists  in  processes  for  breaking  and  grinding  the  crea^ 
and  for  washing  them  so  as  to  separate  the  vein-stones,  gangues,  or  other  mixed  earthy 
matters,  in  order  to  insulate  or  concentrate  the  metallic  parts. 

Another  kind  of  preparation,  called  chemical,  has  for  its  object  to  separate,  by  means 
of  fire,  various  volatile  substances  combined  in  the  ores,  and  which  it  is  requisite  to 
clear  away,  at  least  in  a  certain  degree,  before  trying  to  extract  the  metals  they  may 
contain. 

Lastly,  an  indispensable  operation  in  several  cireumstances,  is  to  discover^  by  simple 
and  cheap  methods,  called  assayt,  the  quantity  of  metal  contained  in  the  different  ^edes 
of  ores  to  be  treated. 

This  head  of  our  subject, iherefore,  falls  under  three  subdivisions: — 

§  1.  The  mechanical  preparation  of  ores,  including  picking,  itanqring,  and  diflcreat 
modes  of  washing. 

§  2.  The  chemical  preparation,  consisting  especially  in  the  roasting  or  calcinatioo  of 
the  ores. 

§  3.  The  assay  of  ores,  comprehending  the  mechanical  part :  that  is,  by  wishing |  the 
chemical  part,  or  assays  by  the  dry  way ;  and  the  assays  by  the  moitt  uwy. 

Secium  1.  Of  the  mechanical  preparation  or  dressing  of  ores. — I.  Tlie  first  piddBg  or 
sorting  takes  place  in  the  interior,  or  underground  workings,  and  consists  in  separatiag 
the  fragments  of  rocks,  that  apparently  contain  no  metallic  matter,  from  those  that  eon- 
tain  more  or  less  of  it.  The  external  aspect  guides  this  separation ;  as  also  the  leding 
of  density  in  the  hand. 

The  substances,  when  turned  out  to  the  day,  undergo  another  sorting,  with  greater  or 
less  care,  according  to  the  value  of  the  included  metal.  This  operation  consists  in 
breaking  the  lumps  of  ore  with  the  hammer,  into  fragments  of  greater  or  less  size,  usoaUy 
as  large  as  the  fist,  whereby  all  the  pieces  may  be  picked  out  and  thrown  away  that 
contain  no  metal,  and  even  such  as  contain  too  little  to  be  smelted  with  advantage. 
There  is,  for  the  most  part,  a  building  erected  near  the  output  of  the  mine,  in  which  &e 
breaking  and  picking  of  the  ores  are  performed.  In  a  covered  gallery,  or  under  a  shed, 
banks  of  earth  are  thrown  up,  and  divided  into  separate  beds,  on  each  of  which  a  thidc 
plate  of  cast  iron  is  laid.  On  this  plate,  elderly  worlanen,  women,  and  children,  break 
the  ores  with  hand  hammers,  then  pick  and  sort  them  piece  by  piece.  The  matters  so 
treated,  are  usually  separated  into  three  parts ;  1.  the  rodL  or  sterile  gangue,  which  is 
thrown  away ;  2.  the  ore  for  the  stamping  mill,  which  presents  too  intimate  a  mixture 
of  rock  and  metallic  substance  to  admit  of  separation  by  breaking  and  picking ;  and 
3.  the  pure  ore,  or  at  least  the  very  rich  portion,  called  the  sorted  mine  or  the  fat  ore. 
On  the  sorting  floors  there  remains  much  small  rubbish,  which  might  fozm  a  fourth 
subdivision  of  ore,  since  it  is  treated  in  a  peculiar  manner,  by  sifling,  as  will  be  presently 
mentioned. 

The  distribution  of  fragments  more  or  less  rich,  in  one  dass  or  another,  is  relative  to  the 
value  <d'  the  included  metalf  taking  into  account  the  expenses  necessary  for  its  eztnctioB. 
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Thns  in  certun  lead  mines,  pieces  of  Ihe  gangues  ire  throm  awsTi  which  jadged  by  the 
tje  msf  contnin  3  per  cent,  of  galena,  became  it  is  known  that  the  greater  portioa  of 
tfeii  would  be  iMt  in  the  washings  required  Tor  lepaiating  the  97  parti  of  the  gaogne, 
■irf  that  the  remainder  would  not  pay  the  expenies. 

If.  The  Tei7  simple  operations  of  pidcing  are  common  to  almott  all  ore* ;  bat  there 
we  other  opentioDi  requiring  more  tlilll,  care,  and  expense,  which  are  emplored  in  their 
floal  itatc  of  perfection  only  upon  area  of  metals  possessing  a  certain  Talne,  a*  Ihoae  of 
lead,  silver,  &«.     We  allude  to  tbe  inuAng  of  ores. 

The  most  simple  and  economiotl  washings  are  those  that  certain  iron  ores,  particnlailT 
the  atluTial,  are  snbjecled  to,  as  they  are  found  near  (he  sarfoce  of  the  gronnd  aggluti- 
Bated  in  great  or  little  pieces.  It  is  often  useful  to  dean  these  pieces,  in  order  to  pick  ont 
the  earthf  lumps,  which  would  be  altogether  injurioos  in  the  furnaces. 

This  crude  washing  is  performed  sometimes  by  men  atirring  in  the  midst  of  a  itream 
of  water,  with  iron  rakes  or  shovels,  the  lumps  of  ore  placed  in  large  chests,  or  basins  of 

In  other  silualions,  this  washing  is  executed  more  econoroicalljr  bf  a  machine  called 
*  fritdiU*  or  doUj-tuh  bf  our  miners.  A  trough  of  wood  or  iron,  with  a  concave  bottom, 
i*  filled  with  the  ore  to  be  washed.  Within  the  tub  or  trough,  arms  or  iron  handles 
•re  moved  round  about,  being  attached  to  the  arbor  of  a  hydraulic  wheel.  The  trough 
is  kept  always  fuD  of  water,  which  as  it  is  renewed  carries  off  the  earthy  matters,  diffused 
throngh  it  by  the  motion  of  the  machine,  and  the  friclion  among  Ihe  pieces  of  the  ore. 
When  the  washing  is  finished,  a  door  in  one  of  the  sides  of  the  trough  is  opened,  and  the 
current  remotes  the  ore  into  a  more  spacioas  basin,  where  it  is  subjected  to  a  kind  of 
picking.  Il  is  frequently  indeed  passed  through  sieves  in  different  modes.  See  Lkap  and 
TiH,  for  %nreB  of  buddla  and  doUia. 

HI.  Slumping,  Before  describing  the  re&ied  methods  of  washing  the  more  valuable 
ores  of  copper,  silver,  lead,  fcc.,  it  is  proper  to  point  out  the  means  of  reducing  them 
into  B  powder  of  greater  or  less  fineness,  by  tlamptttg,  so  called  from  the  name  itampi  of 
the  pestles  employed  for  that  porpose.  Its  nsefuiness  is  not  restiicled  to  preparing  the 
■nrs  L  for  it  is  employed  in  almost  every  smelting  house  for  pounding  clays,  charcoal, 
A  stamping  mill  or  pounding  machine,  fig.  670,  consists  of  several 
moveable  pillars  of  wood  I  I  If 
placed  vertically,  and  supported 
in  this  position  between  iramea 
of  carpentry  k  e  a.  These  piece* 
are  each  armed  at  their  under  end 
with  a  mass  of  iron  m.  An  arbor 
or  nite  a  a,  moied  by  water,  and 
tuning  horizontally,  tosses  np 
these  wooden  pestles,  by  meant 
of  wipers  or  earns,  which  lay 
hoU  of  the  shoulders  of  the  pes- 
tles at  H  i.  These  are  raised  in 
succession,  and  fall  into  an  ob- 
long trough  below  m  m,  scooped  out  in  the  ground,  having  its  bottom  covered  either 
with  plalei  of  iron  or  hanl  stones.  In  this  trough,  beneath  these  pestles,  the  ore  to  be 
Kainped  is  allowed  to  (hll  from  a  hopper  above,  which  is  kept  constantly  fall. 

The  troagh  is  closed  in  at  the  sides  by  two  partitions,  and  includes  three  or  four  pes- 
tles ;  which  the  French  miners  call  a  battery.  They  are  so  disposed  that  their  ascent  and 
descent  lake  place  at  equal  intervals  of  lime. 

Usually  a  stampinK  machine  is  composed  of  several  batteries  (two,  three,  or  four),  and 
the  arrangement  of  the  wipers  on  the  arbor  of  the  hydraulic  wheel  is  such  that  there  is 
constantly  a  like  number  of  pestles  lifted  at  a  time  ;  a  circumstance  important  for  main- 
taioing  the  uniform  going  of  the  machine. 

The  matters  that  are  not  to  be  eiposed  to  subsequent  washing  are  stamped  dry,  that 
is,  without  leading  water  into  the  trough  j  and  the  same  thing  is  sometimes  dmiewiUi  the 
rich  ores,  whose  lighter  parts  might  otherwise  be  lost. 

Host  usually,  especially  for  ores  of  lead,  silver,  copper,  &c.,  the  Irou^  of  the  stamper 
is  placed  in  the  middle  of  a  current  of  water,  of  greater  or  less  force ;  whicb,  sweeping 
off  the  pounded  substances,  deposiles  them  at  a  greater  or  less  distance  onwards,  in  the 
Mder  <d  the  sixe  and  richness  of  the  grain ;  constituting  a  first  washing,  as  they  escape 
fiom  beneath  the  pestles. 

In  the  dry  stamping,  the  fineness  of  the  powder  depends  on  the  weight  of  the  pestles, 
Ike  height  of  their  fall,  and  Ihe  period  of  their  action  upon  the  ore ;  but  in  the  stamper* 
rT|ff!  to  a  stream  of  water,  the  retention  of  the  matters  in  the  troagh  is  kmger  or 
Aortv,  according  to  the  facility  given  for  their  escape.  Sometimes  these  matters  fiow 
oat  of  the  chest  over  its  edges,  and  the  height  of  the  line  they  must  sumouat  Ikaa  ai^ 
iifitiaiMon  ihasiaear  the  gnin;  tt  other  t(iiHi,tJu  mtoiud  ttan  ^owtai  wMn 
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which  it  carries  off,  are  made  to  pass  through  a  grating,  causing  a  kind  of  siAing  at  the 
same  time.  There  are,  howcTcr,  some  differences  in  the  results  of  these  two  methods. 
Lastly,  the  quantity  of  water  that  traverses  the  trough,  as  well  as  its  Tdocitj,  has  an 
influence  on  the  discharge  of  the  pounded  matters,  and  consequently  on  the  products  of 
the  stampers. 

The  size  of  the  particles  of  the  pounded  ore  being  different,  according  to  the  Tariafale 
hardness  of  the  matters  which  compose  them,  suggests  the  means  of  classiiig  them,  and 
distributing  them  nearly  in  the  order  of  their  size  and  specific  gravity,  by  making  the 
water,  tm  it  escapes  from  the  stamping  trough,  circulate  in  a  system  of  canals  called  a 
Utlntnnth,  where  it  deposites  successively,  in  proportion  as  it  loses  its  velocity,  the  earthy 
and  metallic  matters  it  had  floated  along.  These  metalliferous  portions,  especially  whes 
they  have  a  great  specific  gravity  like  galena,  would  be  deposited  in  the  first  passages, 
were  it  not  that  from  their  hardness  being- inferior  to  that  of  the  gangae,  they  are  reduced 
to  a  much  finer  powder,  or  into  thin  plates,  which  seem  to  adhere  to  both  the  watery  and 
earthy  particles ;  whence  they  have  to  be  sought  for  among  the  finest  portions  of  the  pul- 
verized gangue,  called  slime,  tdUich,  or  sdUamme. 

There  are  several  methods  of  conducting  the  stamps;  in  reference  to  the  size  of  the 
grains  wished  to  be  obtained,  and  which  is  previously  determined  agreeaUy  to  the 
nature  of  the  ore,  and  of  the  gangue ;  its  richness,  &c.  The  he^ht'  fif  the  slit  that 
lets  the  pounded  matters  escape,  or  the  diameters  of  the  holes  in  the  grating,  their  distance, 
the  quantity  of  water  flowing  in,  its  velocity,  &c.,  modify  the  result  of  the  stamping  oper- 
ation. 

When  it  is  requisite  to  obtain  powder  of  an  extreme  fineness,  as  for  ores  that  are  to  he 
subjected  to  the  process  of  amalgamation,  they  are  passed  under  millstones,  as  in  eommoa 
com  mills ;  and  after  grinding,  they  are  bolted  so  as  to  form  a  species  of  flour ;  or  they 
are  crushed  between  roUs.    See  Lead  and  Tin. 

WaJiing  of  ores. 

rv.  The  ores  pounded  under  the  stamps  are  next  exposed  to  very  delicate  operations, 
both  tedious  and  costly,  which  are  called  the  toashings.  Their  purpose  is  to  separate 
mechanically  the  earthy  matters  from  the  metallic  portion,  which  must  therefore  have  a 
much  higher  specific  gravity ;  for  otherwise,  the  washing  would  be  impracticable. 

The  medium  employed  to  diminish  the  difference  of  specific  gravity,  and  to  move  along 
the  lightest  matters,  is  water ;  which  is  made  to  flow  with  greater  or  less  velocity  and 
abun^nce  over  the  schlich  or  pasty  mud  spread  on  a  table  of  various  inclination. 

But  as  this  operation  always  occasions,  not  only  considerable  expense,  but  a  eertaii 
loss  of  metal,  it  is  right  to  calculate  what  is  the  degree  of  richness  below  which  washing 
is  unprofitable ;  and  on  the  other  hand,  what  is  the  degree  of  purification  of  the  $dUick  at 
which  it  is  proper  to  stop,  because  too  much  metal  would  be  lost  comparatively  with  the 
expense  of  fusing  a  small  additional  quantity  of  gangue.  There  cannot,  indeed,  be  any 
fixed  rule  in  this  respect,  since  the  elements  of  these  calculations  vary  for  every  work. 

Before  describing  the  different  modes  of  washing,  we  roust  treat  of  the  sifUng  or 
riddling,  whose  purpose,  like  that  of  the  labyrinth  succeeding  the  stamps,  is  to  distribute 
and  to  separate  the  ores  (which  have  not  passed  through  the  water  stamps)  in  the  order 
of  the  coarseness  of  grain.  This  operation  is  practised  particularly  upon  the  debris  of 
the  mine,  and  the  rubbish  produced  in  breaking  the  ores.  These  substances  are  put  into 
a  riddle,  or  species  of  round  or  square  sieve,  whose  bottom  is  formed  of  a  grating  instead 
of  a  plate  of  metal  pierced  with  holes.  This  riddle  is  plunged  suddenly  and  repeatedly 
into  a  tub  or  cistern  filled  with  water.  This  liquid  enters  through  the  bottom,  raises  op 
the  mineral  particles,  separates  them  and  keeps  them  suspended  for  an  instant,  alter 
which  they  fall  down  in  nearly  the  order  of  their  specific  gravities,  and  are  thus  classed 
with  a  certain  degree  of  regularity.  The  sieve  is  sometimes  dipped  by  the  inunediate 
effort  of  the  washer ;  sometimes  it  is  suspended  to  a  swing  which  the  workman  moves ; 
in  order  that  the  riddling  may  be  rightly  done,  the  sieve  should  receive  but  a  sin^e 
movement  from  below  upwards ;  in  this  case  the  ore  is  separated  from,  the  gangue,  uid 
if  there  be  different  specific  gravities,  there  are  formed  in  the  sieve  as  many  £stinct  strata, 
which  the  workman  can  easily  take  out  with  a  spatula,  throwing  the  upper  part  away 
when  it  is  too  poor  to  be  re-sifled.  This  operation  by  the  hand-sieve,  is  called  riddUag 
t»  th$  tnbf  or  riddling  by  deposite. 

We  may  observe,  that  during  the  sifting,  the  particles  which  can  pass  across  the  holes 
of  the  bottom,  faU  into  the  tub  and  settle  down  there ;  whence  they  are  afterwards  gath« 
ered  out,  and  exposed  to  washing  when  they  are  worth  the  trouble. 

Sometimes,  as  at  Poullaouen,  the  sieves  are  conical,  and  held  by  means  of  two  handlet 
by  a  workman )  and  instead  of  receiving  a  single  movement,  as  in  the  preceding  method, 
the  sifter  himself  gives  them  a  variety  of  dexterous  movements  in  succession.  His  olgcc^ 
is  to  separate  the  poor  portions  of  the  ore  from  the  richer ;  in  order  to  sul^ect  the  former 
to  the  stamp  mill. 

4niong  the  siitlngs  and  washingi  which  ores  are  made  to  undergo,  we  must  notwe  a 
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UDMig  tke  raoit  lueftil  and  ingenioui,  those  praettsed  by  irOn  graliagt,  mllal  od  th<  Cod- 
tinenl  grilU*  aHglaua,  and  the  iltp-vrailiimgi  o{  Huognry,  lavuiti  a  gmditu.  TheiE 
melhodi  of  freeing  Ibe  oiet  (torn  the  pQlreruleol  earthy  mstlers,  coniisl  in  pbcing  them, 
at  their  ont-put  Oom  the  mine,  upon  gratinKs,  and  briiii;in$  over  them  ■  stream  orirater, 
irbielL  merely  taJi es  iowa  thrDugh  the  bars  the  small  rragmeals,  but  carries  ofl'  the  pnlver- 
olent  partioot.  The  hitter  are  receired  in  ciilerns,  where  tliey  are  allowed  to  rest  long 
enough  to  settle  to  the  bottom.  The  washinft  by  steps  ia  an  extension  of  the  preceding 
plan.  To  form  an  idea,  let  us  imagine  a  series  of  gratee  placed  saecessively  at  different 
lerek,  so  that  Ibe  water,  arriving  on  the  highest,  where  Ibe  ore  for  washing  lie^  carries 
off  a  portion  of  it,  through  this  firet  grate  upon  a  second  closer  in  its  bars,  (hence  to  a 
third,  Jkc.,  and  finally  into  labyrinths  or  cisterns  of  deposition. 

The  grilUt  a»glauii  are  similar  to  the  lUeping  labia  nsed  at  Idria.    The  system  of  Ihew 
at  gradrnt  is  represented  iafig.  671.    There  are  S  such  systems  in  the  works  at  Idria,  ftir 


the  sorting  of  the  small  morsels  of  quicksilver  ore,  intended  for  the  stamping  mill.  These 
ftvgmenls  are  bul  moderately  rich  in  metal,  and  are  picked  up  at  random,  of  various  sixes, 
(rom  that  of  the  fist  to  a  grain  ofdusl. 

TTiesc  ores  are  placed  in  the  chest  a,  helow  the  lerel  of  which  7  grates  arc  distributed, 
so  that  ifae  ftagmenta  which  pass  Ihroagh  the  Sist  b,  proceed  by  an  inclined  condnjt  on  to 
the  second  grate  c,  and  so  in  saccession.  (See  the  conduits  I,  o,  p).  In  fVont,  and  on  a 
level  with  each  of  Ihe  grates  b,  c,  d,  &c.,  a  child  is  stationed  on  one  of  the  Doors,  I,  !  3, 
to  7. 

A  current  of  water,  which  rails  into  the  chest  a,  carries  the  fragments  of  ore  upon  the 
giMea.  The  pieces  which  remain  upon  the  two  grates  b  and  c,  are  thrown  on  (he  adjoin- 
ing table  V,  where  they  undergo  a  sorting  by  band ;  there  the  pieces  are  classified,  1.  into 
gangne  to  be  thrown  away ;  2.  into  ore  for  the  stamp  mill ;  3.  into  ore  to  he  sent  direelly 
to  the  fnmaee.  The  pieces  which  remain  on  each  of  the  suceeeding  grates,  d,  e,/,  g,  h, 
are  deposited  on  those  of  the  floors  3  to  7,  in  front  of  each.  Before  every  one  <^  Iheae 
ibelres  a  deposite-sieve  is  established,  (see  I,  <■,}  and  the  workmen  in  charge  of  it  stand 
in  one  of  Ihe  corresponding  boxes,  marked  8  to  12.  The  sieve  is  represented  only  in  front 
of  thechexth,  for  the  sake  of  clearness. 

Each  of  the  workmen  placed  in  R,  9,  10,  1 1,  12,  operates  on  the  heap  before  him ;  the 
npper  layer  of  the  deposite  formed  in  his  sieve,  is  sent  to  the  stamping  boose,  and  the  in- 
lerior  layer  directly  to  (he  furnace. 

As  to  the  grains  which,  afler  traversing  the  five  grates,  have  arrived  at4he  ebett  z, 
they  are  washed  in  the  two  cheats  y,  which  are  anidogoqs  to  the  German  chests  to  be 
presently  described.  The  upper  layer  of  what  is  deposited  in  y  i^  sent  to  (he  furnace  | 
the  rest  is  treated  anew  on  three  tables  of  percnssion,  similar  to  the  Elnglisb  brake.aievei, 
■1*0  to  be  pretemly  described. 

Alter  several  saccessive  manipnlatjons  on  these  tables,  an  upper  stratum  of  idtlidi  it 

obtailled  fit  for  tlie  furnace ;  an  intermediate  stratum,  which  is  washed  anew  by  the  same 

I  an  inferior  stratum,  that  is  sent  to  the  system  of  stamps,  ^f.  672. 


TMa  figure  rrpresentt  the  general  ground  plan  of  a  stamping  and  washii^  miU.  Hm 
fliunpa  r  are  composed  of  (wo  batteries  similar  (o_;tg.  670.  The  ore  passes  in  snccessim 
mda  three  pestles  of  east  iron,  each  of  which  is  heavier  the  nearer  it  is  to  the  sieve 
thmsgh  iriiich  the  sand  or  pounded  matter  escapes. 

In  the  npper  part  of  the  figare  we  see  issning  from  the  stampt,  two  condnit*  destined 
loi«eetvelhe  w«t(9an^(hemetal1ireron«sand  with  which  it  isloaded.  TbeflrM,nHU%ed 
r,  •>  Mb  U  Med  oalT  irtien  a  certain  qoalitj  of  u«  is  dangwd,  richer  in  mcttl  than  it 
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«m«Ur  tmted  b;  memni  of  the  wcond  coiu9a[t,  Ihe  But  hem^  eloKd.  The  teeond  as- 
doit,  or  that  employed  for  ordinuy  muiipalelion  when  the  olher  a  tkot,  U  iodicated  tf 
r,  0*7,  b;  then  b;  0'68  and  0'29.  Tbeie  numbers  ex  preu  Ibe  depth  of  the  corre^owlnc 
poctioni  of  this  randnit.  From  r  to  b,  the  caodait  or  waier-coone  it  ^TJded  into  ikm 
portions  mnch  aballowcr,  called  the  rich  conduit,  the  middU  coiidmU,  and  the  i^tnm. 
Beyond  the  baiin  b,  Ibe  coadait  takes  the  name  of  labyrinth.  There  the  UDiUr  m^ 
■nenls  of  ore  are  deposited ;  being  the  finer  the  rnrlher  the;  are  fhnn  the  Xampa  f. 
Darle  indieale  the  direction  of  the  slreara  in  Ihe  labTrinlh.  On  the  Gennaa  (A*>(*,  placed 
at  3,  (he  eand  derived  from  the  rich  and  middle  conduits  is  treated,  in  order  to  oUati 
three  distinct  quslities  of  tthliA,  as  already  mentioned,  f  is  a  doth-coTered  table,  Ar 
treating  the  deposile  of  the  German  chests  at  3.  M  n  are  two  sweep  tables  (d  (aiai),li( 
treaijn)!  ihe  ore  collected  in  the  lower  condait,  which  precedes  the  midmoil  tii  the  Ihret 
German  chests.  Upon  the  three  similar  tables  ■  t  v,  an  treated  in  like  manner  the  tnadlr 
depoaites  of  the  labjriDth,  which  funn»  suile  to  three  parallel  German  chesta  sitiuted  at  3, 
not  shown  for  want  of  room  in  the  figuie,  but  connected  in  three  rectangular  ligiagi 
with  each  other,  as  well  as  by  a  tiansrerse  brunch  to  Ihe  points  0-T  and  F.  At  the  nppa 
part  of  these  fire  sweep  tables,  Ihe  mstcriali  which  are  to  nnde^o  washing  mre  a^lUcd 
in  two  boite  o  o,  by  small  paddle-wheels. 

We  shall  now  describe  the  pernuiuta-failu  used  in  the  Harti,  for  treatii^  the  Mud  di 
ore  obtained  from  the  conduits  represented  above. 
f  I'gi.  6T3,  674,  and  6T5,  exhibit  a  plan,  a  vertical  section,  and  elevation,  of  one 
S\i  of  these    tables,  taken   in  the 

direction  of  its  length.  Ite 
Brfcor  or  great  shaft  in  prolonga- 
tion from  the  stamps  mill,  ji 
shown  in  section  perpendiealaTly 


to  it 


s,atj 


The  CI 


shown  round  it*  cir- 
cumTereuee,  one  of  them  haTia( 
just  acted  on  h. 

These  cams,  by  the  nvoht- 
lion  of  the  arbor,  cause  the 
allemating  movement*  of  a 
horizontal  bar  of  wood  o,  a, 
which  strikes  at  Ihe  point  a 
against  a  table  d,  i,  c,  «.  TUa 
table  is  suspended  by  two  chains 
(,  at  its  superior  end,  and  by 
two  rods  at  its  b>wer  end. 
AAer  having  been  pushed  by 
the  piece  o,  ■,  it  rebonods  to 
strike  against  a  bkwk  or  brwdlet 
B.  A  lever  p,  5,  serves  to  adjust 
the  inclination  of  the  moreaUe 
[able,  the  pivots  g  being  poiall 
of  suspension. 

The  ore-sand  to  be  waibed, 
is  placed  in  the  chest  a,  inU 
which  a  current  of  water  nusa 
The  ore  floated  onwards  by  the 
water,  is  carried  through  a 
sieve  on  a  sloping  unall  table 
X,  under  which  is  eoneeskd 
the  higber  end  of  the  morcaUe 
table  if,  h,  c,  M ;  and  it  thenee 
falls  on  this  table,  diffnaing  itself 
unifornly  over  its  surface.  Tfce 
particles  deposited  on  llii*  tabk 
form  an  oblong  tofu  (itope) 
upon  it ;  the  successive  pec- 
cnssions  that  it  receive*,  deter- 
mine the  weightier  mattera,  and 
consequently  those  richest  In 
metal,  to  accnmulate  towaidi 
its  Dpper  end  at  a.  Now  the 
workman  by  means  of  the  levCT 
p,  raises  the  lower  end  d  a  Uttto 
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dnree  at  ioefiaatioit  to  the  snrflice  on  which  tin  depoaile  is  Rtrewed.  Aceordiag  u  tbe 
■nbilaBeei  are  iwept  nlODg  bj  the  water,  he  b  juwTul  to  remove  them  fhnn  the  middle 
«>rtlie  laUe  towaidi  the  top,  bj  dkuib  ot  &  wooden  roller.  With  this  intcDl,  be  welkn  on 
the  taUe  die  ft,  where  the  randj  sediment  hai  lafficienl  coruialence  to  bear  him.  When 
the  table  it  ahnnduiIlT  chained  with  the  mihed  ore,  the  depoeite  is  divided  into  three 
buKte  or  segment*  db,li  e,  c  »,  Each  of  these  bands  is  removed  separately  and  Ihrowa 
into  the  parlicnlar  heap  assigned  to  it.  Every  one  of  the  heaps  thus  formed  becomes 
•IWwBids  the  obieet  of  ■  separate  manipnlation  on  a  perciusian  table,  bat  always  aecoid- 
in^  (o  the  same  prDcednrc.  II  is  Buffieienl  in  general  to  pass  twice  over  this  table  the  mat- 
ters contained  in  the  heap,  proceeding  from  the  superior  band  en,  in  order  to  obtain  a  pare 
•eUicA ;  bal  the  beep  proceeding  iWim  the  inlermediate  bell  b  r,  requiies  always  a  greater 
Biunber  of  manipnlatioas,  and  the  lower  band  d  t  still  more.  These  saeeessiie  manipn- 
lations  are  ao  associated  that  erentually  each  heap  funiistaes  poie  ichlich,  which  is  obtained 
fh>m  the  superior  band  en.  As  to  the  lightest  particles  which  the  water  sweeps  away 
beyond  the  lower  end  of  (he  percnssion  table,  they  fall  into  conduits  g  whence  they  ore 
lifted  to  undergo  a  new  nuinipalalion. 

Fig.  676  is  a  proilltf  of  a  plan  which  has  been  advanta^eonsly  snhslituted,  in  the 
Harti,  for  that  pail  of  the  preceding  apparatna  which  causes  the  jolt  of  the  piece  o  ■ 
«^ast  the  table dhc%.  By  means  of  this  plan,  it  is  easy  to  Taq-,  according  to  the 
circumstances  of  a  manipnlation  always  delicate,  the  foree  of  percussion  which  a  bar 
ji  *,  oi^hl  to  eommnnicate  by  its  eitremily  y.  With  this  view,  a  slender  piece  of  wood 
Si  IS  nkade  to  slide  in  an  nprighl  piece,  v  x,  adjnsted  upon  an  axis  at  t.  To  the  piece  « 
«  tnd  of  iron  is  conneeted,  by  means  of  a  hinge  x  ;  this  rod  is  capable  of  enterini;  more 
or  lew  into  a  ease  or  shejih  in  the  middle  of  the  piece  v  z,  and  of  being  siopjied  at  the 
liroper  point,  by  a  thnmb-serew  which  presses  against  this  piece.  LT  it  be  wished  to 
iaereue  tbe  force  of  percossion,  we  must  lower  the  point  z  ,-  if  to  diminish  ii,  we  must 
raise  it.    In  the  first  ease,  the  extremity  of  the  piece  a,  advances  so  much  further  under 

«76 


•^ 


D  much  less  forward*;  whereby 


tbe  cam  of  the  driving  thai)  ( s  in  the  second,  it  goes 

the  adjnsunent  is  produced. 

Figt.  677  and  673  rejnvsenl  a  complete  system  of  lUeping  Inbtn,  lablu  donnimlti  i 
678  such     «s    are     mounted   in    Idria. 

Fig.  678  U  the  plan,  and  fig.  677  a 
vertical  section.  The  mercurial  ores, 
reduced  to  a  sand  by  stamps  like 
those  oT  fig.  672,  pass  into  a  series 
of  conduits  a  a,  ft  4,  c  c,  which  form 
three  successive  floors  below  the  level 
of  the  floor  of  the  works.  The  sand 
taken  out  of  these  conduits  is  thrown 


a  the 
transferred    i 


1  the  trough  I 
1  npon  them  by  turning 
two  slopeocbs  for  each  trough.  The 
sand  thus  difibsed  upon  eaeh  table, 
nuu  off  with  the  water  by  a  groove  /,  comes  upon  a  sieve  h,  spreads  itself  upon  the 
board  g,  and  thence  falls  into  the  slanting  chest,  or  sleeping  table  lie.  The  under  Eiurface 
It  of  this  chetl  is  pierced  with  boles,  which  may  be  stopped  at  pleasure  with  wooden 
pinga.  There  is  a  conduit  m,  at  the  lower  end  of  each  table,  to  catch  the  light  par- 
ticles carried  off  by  the  water  out  of  the  chest  i  k,  through  Ihe  holes  properly  opened, 
while  the  denser  parts  are  deposited  upon  the  bottom  of  this  cheat.  A  general  conduit 
»  passes  across  at  the  foot  of  all  the  chests  ik;  it  receives  the  refuse  of  Ihe  washing 
Aferatioos. 

J^.  679  is  a  set  of  stamping  and  washing  works  for  the  ores  of  ai^enliferou  galena, 
■•  DaanDted  at  Bodanitit,  in  the  district  cf  Zellerfeldl,  in  tbe  Harti. 

A  it  the  itamp  mill  and  its  subsidiary  partsj  amimg  which  are  a,  the  drifiDg  o 


Dkin  dktfti  t,  the  ovcribot  i 
Ibr  receiving  e&ch 


3'-irhee1 ;  t  c,ai  itnni!!  ring!  « Itoopa  of  cMt  la^ 


wood,  ihod  with  lump*  of  CMt  iron.  Ilcre  m 
two  chcEti,  DQl  or  whKh  the  ore  to  b«  praad  hik 
iponlaneouGl;  inio  the  two  troBghi  of  the  itani*. 
Of  late  yean,  bowever,  the  are  ii  nmUy'  *iq>plM 
bf  hand ;  the  water-coune  teiminalei  ■  dton  d>»- 
laace  above  the  middle  of  the  wheel  t.  Then  ii 
a  stream  of  water  (or  the  Mrriee  of  tiic  itaain 
BDd  conduits  proceediog  irom  it,  to  lead  the  wMr 
into  the  two  itamp  trooghi;  the  Goadnit  of  dis- 
charge IB  eommoD  to  the  two  batleriei  or  tett  «f 
stamp*  through  which  the  water  cttnie*  off  ihe 
•and  or  ttamped  ore.  There  i»  a  noveMfcle  tetle 
of  HparalioTi,  mounted  with  two  lierea.  The 
sands  pau  immediately  into  the  eondiiit  plaeed 
upon  a  lerel  with  the  floor,  and  Kpatated  ioto 
two  campartments,  the  first  of  which  emptiei  iti 
water  into  the  second.  There  are  two  boudatf 
separation,  or  tables,  laid  npon  the  groDDd,  with 
a  very  sliRht  slope  of  only  IS  inches  tnm  their 
top  to  their  bottom.  £*ch  of  these  bouds  is 
diTiiled  into  four  ea»a  with  edges ;  the  whole 
being  arranged  so  thai  it  ii  ponible,  by  Mwan*  <f 
a  flood-gate  or  sluice,  to  cause  the  sapeiflBOO* 
water  of  the  case  to  past  into  the  Iblknring  OMa. 
Tfani  Ibe  work  can  go  on  without  inleimptia, 
and  allernalely  upon  the  two  boards.  There  an 
windinft  eaniiis  in  the  labyrinth,  H,  x,  M,  in  wfaidi 
are  deposited  the  imrlicles  carried  along  by  the 
water  which  has  passed  upon  the  boaidi.  The  depth 
of  these  canals  gradually  increases  Irom  IS  to  30 
inches,  to  giie  a  suitable  descent  for  uainlainial 
the  water-flow.  At  D,  two  percuision  tablet  an 
placed,  r  □  arc  two  Germia  chests.  H  j  are  two 
percussion  tables,  which  are  driven  by  the  cams  12, 
fixed  upon  (he  main  shalt  j  j|.  K  K'are  twoslopiag 
sweep  tables  jJ  balai). 

The  Ctrtnaa  diitlt  are  rectangular,  banfl 
about  3  yards  long,  half  a  yard  broad,  wiih  edgiB 
half  a  yard  high;  and  their  inelination  a  rack 
Ibal  the  lower  end  is  about  15  inches  beneath 
the  level  of  the  upper.  At  their  apper  ai, 
usually  called  the  bolster,  a  kind  of  troogh  or 
boi,  without  anyed^  at  the  side  next  the  chest,  is  placed,  containing  theore  to  be  washed. 
The  water  is  allowed  to  lall  upon  the  bolster  in  a  thin  sheet. 

The  lUtping  lablu  have  upright  edces  j  they  aie  from  4  to  5  yards  long,  nearly  X  yaida 
wide,  and  have  fully  a  yard  ofiaclination. 

The  preceding  tables  arc  somelimes  covered  with  cloth,  parlicnlarly  in  treating  orea 
that  contain  gold,  on  a  supposition  that  the  woollen  or  linen  fibres  wonld  retain  man 
•nrely  the  mciallic  particles ;  but  this  method  appears  on  trial  to  merit  no  confidence,  ftr 
it  produces  a  very  impure  ickiieh, 

!..'_  ^n^  ■  ^  employed  in  thcHartz,  for  sifling  the  small  fiagmentt  cf 

ad.  Sucb  an  apparatus  is  usually  set  up  in  the  oatiideaf 
a  stamp  and  washing  mill;  its  place  being  denoted 
by  the  letter  a,  in^.  672.  The  two  moveable  chests  or 
boxes  A  B,  of  the  sieve,  are  connected  together,  at  ther 
lower  ends,  with  on  upright  rod,  which  terminates  at 
one  of  the  arms  of  a  small  balance  beam,  mounted  be- 
tween the  driving  shall  of  the  stamps  and  the  aiev^ 
perpendicularly  to  the  length  of  both.  The  oppoole 
arm  of  this  beam  carries  another  upright  rod,  whiek 
ears  (cams  or  menfoancli),  placed  on  purpose  upoB  tka 

.  driving  shall,  may   push  down.      During  thii  movw- 

ment  the  two  lower  ends  a,  i,  are  raued;  and  when  the  peg-cam  of  the  shall  quits  thi 
rod  which  it  had  depruced,  the  swing  chests  foil  ^  their  own  weight    Thna  Utey 
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made  to  vibnUe  alternately  upon  their  axes.  The  small  ore  is  pnt  into  the  upper 
part  of  the  chest  a,  over  which  a  stream  of  water  falls  from  an  adjoining  conduit.  The 
mgments  which  cannot  pass  through  a  cast  iron  grid  in  the  bottom  of  that  chest,  are 
sorted  by  hand  upon  a  table  in  front  of  a,  and  they  are  classed  by  the  workman,  either 
among  the  ores  to  be  stamped,  whether  dry  or  wet,  or  among  the  rubbish  to  be  thrown 
away,  or  among  the  copper  ores  to  be  smelted  by  themselves.  As  to  the  small  particles 
which  fall  through  the  grid  upon  the  chest  b,  supplied  also  with  a  stream  of  water,  they 
descend  successively  upon  two  other  brass  wire  sieves,  and  also  through  the  iron  wire  r, 
in  the  bottom  of  b. 

In  certain  mines  of  the  Hartz,  tables  called  <i  balaisy  or  tweeping  tables,  are  employed. 
The  whole  of  the  process  consists  in  letting  flow,  over  the  sloping  table,  in  successive 
currents,  water  charged  with  the  ore,  which  is  deposited  at  a  less  or  greater  distance,  as 
also  pure  water  for  the  purpose  of  washing  the  deposited  ore,  afterwards  carried  off  by 
means  of  this  sweeping  operation. 

At  the  upper  end  of  these  3wup4abU9,  the  matters  for  washing  are  agitated  in  a 
chest,  by  a  small  wheel  with  vanes,  or  flap-boards.  The  conduit  of  the  muddy  waters 
opens  above  a  little  table  or  shelf;  the  conduit  of  pure  water,  which  adjoins  the  preceding, 
opens  below  it.  At  the  lower  part  of  each  of  these  tables,  there  is  a  transverse  slit,  cov- 
ered by  a  small  door  with  hinges,  opening  outwardly,  by  falling  back  towards  the  foot  of 
the  table.  The  water  spreading  over  the  table,  may  at  pleasure  be  let  into  this  slit,  by 
raising  a  bit  of  leather  which  is  nailed  to  the  table,  so  as  to  cover  the  small  door  when  it 
n  in  the  shut  position ;  but  when  this  is  opened,  the  piece  of  leather  then  hangs  down 
into  it.  Otherwise  the  water  may  be  allowed  to  pass  freely  above  the  leather,  when  the 
door  is  shut.  The  same  thing  may  be  done  with  a  similar  opening  placed  above  the  con- 
duit. By  means  of  these  two  slits,  two  distinct  qualities  ofsdUUh  may  be  obtained,  which 
are  deposited  into  two  distinct  conduits  or  canals.  The  refuse  of  the  operation  is  turned 
into  another  conduit,  and  afterwards  into  ulterior  reservoirs,  whence  it  is  Ufled  out  to  un- 
dergo a  new  washing. 

In  the  percussion  tables,  the  water  for  washing  the  ores  is  sometimes  spread  in  slender 
streamlets,  sometimes  in  a  full  body,  so  as  to  let  two  cubic  feet  escape  per  minute.  Tha 
number  of  shocks  communicated  per  minute,  varies  from  15  to  36 ;  and  the  table  may  be 
pushed  out  of  its  settled  position  at  one  time,  three  quarters  of  an  inch,  at  another  nearly 
8  inches.  The  coarse  ore-sand  requires  in  general  less  water,  and  less  slope  of  table,  than 
the  fine  and  pasty  sand. 

The  medianical  operations  which  ores  undergo,  take  place  commonly  at  their  out-put 
finom  the  mine,  and  without  any  intermediate  operation.  Sometimes,  however,  the  hard- 
ness of  certain  gangws  (vein-stones),  and  of  certain  iron  ores,  is  diminished  by  subjecting 
them  to  calcination  previously  to  the  breaking  and  stamping  processes. 

MHien  it  is  intended  to  wash  certain  ores,  an  operation  founded  on  the  difference  of  their 
specific  gravities,  it  may  happen  that  by  slightly  changing  the  chemical  state  of  the  sub- 
stances that  compose  the  ore,  the  earthy  parts  may  become  more  easily  separable,  as  also 
the  other  foreign  matters.  With  this  view,  the  ores  of  tin  are  subjected  to  a  roasting, 
which  by  separating  the  arsenic,  and  oxydizing  the  copper  which  are  intermixed,  furnishes 
the  means  of  obtaining,  by  the  subsequent  washing,  an  oxyde  of  tin  much  purer  than  could 
be  otherwise  procured.  In  general,  however,  these  are  rare  cases ;  so  that  the  washing 
almost  always  immediately  succeeds  the  picking  and  stamping ;  and  the  roasting  comes 
next,  when  it  needs  to  be  employed. 

The  operation  of  roasting  is  in  general  executed  by  various  processes,  relatively  to  the 
nature  of  the  ores,  the  quality  of  the  fuel,  and  to  the  object  in  view.  The  greatest 
eeonomy  ought  to  be  studied  in  the  fuel,  as  well  as  the  labor ;  two  most  important  cir- 
cumstances, on  account  of  the  great  masses  operated  upon. 

Three  principal  methods  may  be  distinguished  ;  1.  the  roasting  in  a  heap  in  the  open 
air,  the  most  simple  of  the  whole ;  2.  the  roasting  executed  between  little  walls,  and 
which  may  be  called  case-roasting  {roststadeln,  in  German);  and  3.  roasting  in 
furnaces. 

We  may  remark,  as  to  the  description  about  to  be  given  of  these  different  processes, 
that  in  the  first  two,  the  fuel  is  always  in  immediate  contact  with  the  ore  to  be  roasted, 
whilst  in  furnaces,  this  contact  may  or  may  not  take'  place. 

1.  The  roasting  in  the  open  air,  and  in  heaps  more  or  less  considerable,  is  practised 
upon  iron  ores,  and  such  as  are  pyritous  or  bituminous.  The  operation  consists  in  general 
in  spreading  over  a  plane  area,  oiflen  bottomed  with  beaten  clay,  billets  of  wood  arranged 
Iflce  the  bars  of  a  gridiron,  and  sometimes  laid  crosswise  over  one  another,  so  as  to  form  a 
uniform  flat  bed.  Sometimes  wood  charcoal  is  scattered  in,  so  as  to  fill  up  the  interstices, 
and  to  prevent  the  ore  from  falling  between  the  other  pieces  of  the  fuel.  Coal  is  also 
employed  in  moderately  small  lumps ;  and  even  occasionally  turf.  The  ore,  either  simply 
broken  into  pieces,  or  even  sometimes  under  the  form  of  tchlidi,  is  piled  up  over  the  fuel; 
moft  usually  alternate  beds  of  fuel  and  ore  are  formed. 
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The  fire,  kindled  in  general  »X  the  lover  part,  bnl  sometimra,  howerer,  at  the  n 
chimiiey,  ipreads  from  spot  to  spot,  poltiaR  the  oprrBtion  in  train,  llie  combv 
EDnet  be  so  conducted  u  to  be  glov  and  nOoeated,  to  prolong  ihe  oMnlation,  and  let  Ike 
vhole  mass  be  equably  penetrated  with  heal.  Th»  means  employed  to  djnct  the  ft^ 
are  to  cover  outwardly  wilfa  earth  Ihe  portions  where  too  mnch  aetiiity  is  diapl^*^ 
and  10  pierce  with  holes  or  10  give  air  to  those  where  it  is  ImperTecllT  developed.  B^M, 
vinds,  varinhle  seasons,  and  esppciolly  food  primary  amngemeDtc  irf'  a  calculation,  han 
much  influence  on  this  process,  which  requires,  besules,  an  almoat  tncesaant  iiupeetkaM 
the  begin  nine- 

Nothini;  in  general  can  be  said  as  to  (he  connunplion  of  fbel,  because  it  variet  vitt 
its  qunlily,  as  well  as  with  tfae  ores  and  the  pur7<0!e  in  Tiew.  Bot  it  may  be  laid  dovi 
aa  a  iiood  rule,  to  employ  no  more  Tuel  (hnn  is  strictly  neeessary  for  the  hind  ot  cald- 
nation  in  hand,  and  Tor  SDpportii^  the  combustion ;  Tar  an  eicess  of  fnel  wonld  pndoM^ 
besides  on  expense  uselessly  incurred,  the  inconvenience,  at  times  very  setioitt,  d  «Mfe 
a  heat  as  may  melt  or  vitrify  Ihe  ores ;  a  result  entirely  the  reverse  of  a  well-coedneUd 
nstulalion. 

Figi.  661, 682,  683,  represeat  the  roasting  in  mounds,  as  practised  near  Goalar  in  tk 


Harli,  and  at  Chessy  in  the  department  of  the  Rhone.  Fif.  6SI  is  •  Tectical  si  rfJM 
in  the  line  ft  c  of  figi  683  and  bSJ  tn  fig,  682  there  is  shown  in  plan,  only  ■  liMk 
more  than  One  half  of  Ihe  quadrangular  truncated  pyramid,  which  constitntc*  the  heap. 
Fig.  683  shows  a  little  more  than  one  fourth  of  a  bed  of  wood,  arranged  at  the  bc«tCM 
of  the  pyramid,  as  shown  by  a  a,  fig.  6SI,  and  c  g  h,  fig.  683.  c  is  «  wooden  ehimMT, 
-   ifl,,, ■,,.,;■■,..,     n  formed  within  the  heap  of  ore,  at  whose  bcdm ( 

[jjyTTTTTlJlTn^       j^    GS3    there  is  a  little  parcel  of  charcoal;  d  d  are  lant 

-t^'  ^— -j| '  I j  y  lumps  of  ore  distributed  upon  the  wooden  jOt 

■^^'      I  "^^  a  o ;  «  t  are  smaller  ftagmentj,  lo  cover  the  lat^i 

/  /  is  rubbish  and  clay  laid  smoothly  in  a  dope 
over  the  whole,  g,  fig.  683,  a  panage  for  air 
led  under  the  bed  of  billets ;  of  which  there  is 
a  similar  one  in  each  of  the  four  cidet  of  the  base 
a  a,  so  that  two  principal  currents  of  air  enwaiiBdet 
Ihe  aprigbt  axis  c  c,  of  the  tmncated  pyiajnid  iad- 
catedinjfiy.  681. 

The  kindlin;  is  thrown  in  by  the  ehimntrf  c 
The  charcoal  e,  and  the  wood  a  a,  take  fire;  Iht 
ll"n~lJLI    II H      U  ■  sulphnreoos  ores  rf  e  /  are  healed  to  tuch  a  hi|di 

"h    BU    IJ«      "  lempernture  as  lo  vaporiie  the  snlphnr.    In  the 

I.ower  llartz,  a  heap  of  this  kind  continues  roasting  during  four  months. 

2.  The  second  method.  The  diHiculty  of  iDanaging  the  fire  in  Ihe  roasting  of  tab- 
stances  contsining  little  sulphur,  with  the  greater  dilKculty  of  arranging  and  sopportiDg 
in  their  place  the  icklidu  lo  be  roasted,  and  last  of  all,  Ihe  necessity  of  giving  luceessn 
fires  lo  Ibc  ^ame  ores,  or  toinconsiderable  quantities  at  a  lime,  have  led  to  the  contrivanet 
of  surrounding  Ihe  area  on  which  the  roasting  lakes  place  with  three  tittle  waJli,  or  witk 
(bar,  leaving  a  door  in  Ihe  one  in  front.  This  is  what  is  called  a  icaOtd  ana,  aiwl  Koie- 
times,  improperly  enough,  a  roasting  furnace.  Inside  of  these  little  walls,  abont  3  fM 
bigh,  there  are  oflen  vertical  conduits  or  chimneys  made  to  correspond  with  an  openiag 
on  the  eronnd  level,  in  order  to  excite  a  draught  of  air  in  the  Bdjsccnl  parts.  Whea  Ike 
roasling  is  once  set  agoing,  these  chimneys  can  be  opened  Or  shut  at  their  upper  ends,  ae- 
cording  to  the  necessities  of  the  process. 

Several  such  furnaces  are  usually  erected  in  connexion  with  each  other  by  their  latnal 
walla,  and  all  terminated  by  a  common  wall,  which  (brms  their  posterior  pari ;  fuoetilMt 
Ihey  are  eovered  with  a  shed  supported  partly  by  the  Imck  wall,  built  sufficiently  hjghfic 
this  purpose.  These  dispositions  are  suitable  for  the  roasting  of  ichlieht,  and  in  gmnml 
of  all  matters  which  are  lo  have  several  &res; 
due  separation  of  the  sulphur,  arsenic,  k,e. 
3   The  furnaces  employed  for  roasting  the  ore 
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totke  nttore  of  the  ores,  and  the  size  of  the  lump«.     We  8haD  content  onnelTes  with 
iderring  to  the  principal  forms. 

When  iron  ores  are  to  he  roasted,  which  require  bat  a  simple  calcination  to  disengage 
Ike  combined  water  and  carbonic  acid,  egg'«haped  furnaces,  similar  to  those  in  which 
inestooe  is  bomed  in  contact  with  fuel,  may  be  conveniently  employed ;  and  they  pre- 
sat  the  advantage  of  an  operation  which  is  continnous  with  a  never-cooling  apparatus. 
The  analogy  in  the  effects  to  be  produced  is  so  perfect,  that  the  same  furnace  may  be 
■led  for  either  object.  Greater  dimensions  may,  however,  be  given  to  those  destined  for 
tlie  calcination  of  iron  ores.  But  it  must  be  remembered  that  this  process  is  applicable 
«aly  to  ores  broken  into  lumps,  and  not  to  ores  in  grains  or  powder. 

It  has  been  attempted  to  employ  the  same  method  a  little  modified,  for  the  roasting  of 
ores  of  solphnret  of  copper  and  pyrites,  with  the  view  of  extracting  a  part  of  the  sulphur. 
More  or  less  success  has  ensued,  but  without  ever  surmounting  all  the  obstacles  arising 
from  the  great  fusibility  of  the  sulphuret  of  iron.  For  sometimes  it  runs  into  one  mass, 
or  at  least  into  lumps  agglutinated  together  in  certain  parts  of  the  furnace,  and  the  opera- 
tion is  either  stopped  altogether,  or  becomes  more  or  less  languid ;  the  air  not  being  able 
to  penetrate  into  all  the  parts,  the  roasting  becomes  consequently  imperfect.  This  incon- 
fesiettce  is  even  more  serious  than  might  at  first  sight  appear ;  ^for,  as  the  ill-roasted  ores 
now  contain  too  little  sulphur  to  support  their  combustion,  and  as  they  sometimes  fall 
iato  small  fragments  in  the  cooling,  they  cannot  be  passed  again  through  the  same  furnace, 
•ad  it  becomes  necessary  to  finish  the  roasting  in  a  reverberatory  hearth,  which  is  much 
■ore  expensive. 

h  the  Pyrenees,  the  roasting  of  iron  ores  is  executed  in  a  circular  furnace,  so  disposed 
thtt  the  fuel  is  contained  and  burned  in  a  kind  of  interior  oven,  above  which  lie  the 
pieces  of  ore  to  be  calcined.  Sometimes  the  vault  of  this  oven,  which  sustains  the  ore, 
is  formed  of  bncks,  leaving  between  them  openings  for  the  passage  of  the  flame  and  the 
aoke,  and  the  apparatus  then  resembles  certain  pottery  kilns ;  at  other  times  the  vault 
ii(brmed  of  large  lumps  of  ore,  carefully  arranged  as  to  the  intervals  requisite  to  be  leA 
kf  draught  over  the  arch.  The  broken  ore  is  then  distributed  above  this  arch,  care  being 
Idm  to  place  the  larger  pieces  undermost.  This  process  is  simple  in  the  construction 
flT  the  furnace,  and  economical,  as  branches  of  trees,  without  value  in  the  forest,  may  be 
cayloyed  in  the  roasting.    See  Lime-kUn  figures. 

b  some  other  countries,  the  ores  are  roasted  in  furnaces  very  like  those  in  which 
ponelain  is  baked ;  that  is  to  say,  the  fuel  is  placed  exteriorly  to  the  body  of  the  furnace 
ii  t  kind  of  brick  shaAs,  and  the  flame  traverses  the  broken  ore  with  which  the  furnace 
ii  filed.    In  such  an  apparatus  the  calcination  is  continuous. 

When  it  is  proposed  to  extract  the  sulphur  from  the  iron  pyrites,  or  from  pyritous  min 
tnkf  different  furnaces  may  be  employed,  among  which  that  used  in  Hungary  deserves 
Mlite.  It  is  a  rectangular  parallelopiped  of  four  walls,  each  of  them  being  perforated 
sidl  holes  and  vertical  conduits  which  lead  into  chambers  of  condensation,  where  the 
nlpkar  is  collected.  The  ore  placed  between  the  four  walls  on  billets  of  wood  arranged 
nia  >lff.  681,  682,  683,  for  the  great  roastings  in  the  open  air,  is  calcined  with  the  dis- 
citifement  of  much  sulphur,  which  finds  more  facility  in  escaping  by  the  lateral  conduits 
ii  tlw  walls,  than  up  through  the  whole  mass,  or  across  the  upper  surface  covered  over 
sidl  earth  ;  whence  it  passes  into  the  chambers  of  condensation.  In  this  way  upwards 
flf  t  thousand  tons  of  pyrites  may  be  roasted  at  once,  and  a  large  quantity  of  sulphur 
•klaiacd. — See  Coppkb. 
Jhii/iay  of  Fyriiu, — Figa,  684,  685,  represent  a  furnace  which  has  been  long  em- 
ployed at  Fablun  in  Sweden,  and 
several  other  parts  of  that  kingdom, 
for  roasting  iron  pyrites  in  order  to 
obtain  sulphur.  This  apparatus  was 
constructed  by  the  celebrated  Gahn. 
Fig,  684  is  a  vertical  section,  in  the 
line  k  d  n  0  of  fig,  683,  which  is 
a  plan  of  the  furnace ;  the  top  being 
supposed  to  be  taken  off.  In  both 
figures  the  conduit  may  be  imagined 
to  be  broken  off  at  e;  its  entire 
length  in  a  straight  line  is  43  feet 
^o•d  the  dotted  line,  e  n,  before  the  bend,  which  is  an  extension  of  this  conduit.  Upon 
^  ikipe  «  6  of  a  hillock  ab  e,  luftips  r  of  iron  pyrites  are  piled  upon  the  pieces  of  wood 
|*ibr  roasting.  A  conduit  d/e  forms  the  continuation  of  the  space  denoted  by  r,  which 
■eofvered  hy  stone  slabs  so  far  as/;  and  fVom  this  point  to  the  chunber  A  it  is  constructed 
■  koards.  At  the  beginning  of  this  conduit,  there  is  a  recipient  g.  The  chamber  h  is 
^Hridei  into  five  ebamben  by  horixontal  partitions,  which  permit  tho  circulation  of  tht 
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T«pon  from  one  compartment  to  another.  The  ores  r  being  distributed  npcm  the  biihii 
of  wood  1 1,  whenever  these  are  fairly  kindled,  they  are  covered  with  smaU  ore^  and  tki 
with  rammed  earth  /  L  Towards  the  point  m,  for  a  space  of  a  foot  square,  the  ores  sie 
covered  with  moveable  stone  slabs,  by  means  of  which  the  fire  may  be  regulated,  by  tk 
displacement  of  one  or  more,  as  may  be  deemed  necessary.  The  liquid  sulphur  runs  iats 
the  recipient  g,  whence  it  is  laded  oat  from  time  to  time.  The  sublimed  sulphur  panes 
into  the  conduit  /  e  and  the  chamber  A,  from  which  it  is  taken  out,  and  washed  witk 
water,  to  free  it  from  sulphuric  acid,  with  which  it  is  somewhat  impregnated  ;  it  is  after- 
wards distilled  in  cast-iron  retorts.  The  residuum  of  the  pyrites  is  turned  to  accovnt  is 
Sweden,  for  the  preparation  of  a  common  red  color  much  used  as  a  pigment  for  woodei 
buildings. 

The  reverberatory  furnace  aflbrds  one  of  the  best  means  of  ustulation,  where  it  ii 
requisite  to  employ  the  simultaneous  action  of  heat  and  atmospherical  air  to  deitny 
certain  combinations,  and  to  decompose  the  sulphurets,  arseniurets,  &«•  It  is  likeviie 
evident  that  the  facility  thus  offered  of  stirring  the  matters  spreaid  out  on  the  sole,  ii 
Older  to  renew  the  surfaces,  of  observing  their  appearances,  of  augmonting  or  dimlnidh 
ing  the  degree  of  heat,  &c,  promise  a  success  much  surer,  a  roasting  far  better  ezeeotid, 
than  by  any  other  process.  It  is  known,  besides,  that  flame  mingled  with  much  UBd»> 
composied  air  issuing  from  the  furnace,  is  highly  oxydizing,  and  is  very  fit  for  buraii| 
away  the  sulphur,  and  oxydizing  the  metals.  Finally,  this  is  almost  the  only  method  a 
rightly  roasting  ores  which  are  in  a  very  fine  powder.  If  it  be  not  employed  constantly 
and  for  every  kind  of  ore,  it  is  just  because  more  economy  is  found  in  practising  cakina- 
tion  in  heaps,  or  on  areas  enclosed  by  walls ;  besides,  in  certain  mines,  a  very  great  num- 
ber of  these  furnaces,  and  many  workmen,  would  be  required  to  roast  the  oonaderaUe 
body  of  ores  that  must  be  daily  smelted.  Hence  there  would  result  from  the  eonatnwtiai 
of  such  apparatus  and  its  maintenance  a  very  notable  outlay,  which  is  saved  in  the 
processes. 

But  in  every  case  where  it  is  desired  to  have  a  veqr  perfect  roasting,  as  for  Uende : 
which  zinc  is  to  be  extracted,  for  sulphuret  of  antimony,  &«.,  or  even  for  ores  redncsd  It 
a  very  fine  powder,  and  destined  for  amalgamation,  it  is  proper  to  perform  the 
in  a  reverberatory  furnace.  When  very  fusible  sulphurous  cures  are  treated,  the 
charged  with  the  calcination  must  employ  much  care  and  experience,  chiefly  in  the 
agement  of  the  fire.  It  will  sometimes,  indeed,  happen,  that  the  ore  partially  fnmi 
when  it  becomes  necessary  to  withdraw  the  materials  from  the  furnace,  to  let  them  mA 
and  grind  them  anew,  in  order  to  recommence  the  operation,  ^he  construction  of  tlwH 
ftimaces  demands  no  other  attention  than  to  give  to  the  sole  or  laboratory  the  mitiMr 
size,  and  so  to  proportion  to  this  the  grate  and  the  chimney  that  the  heating  mnj  ba 
effected  with  the  greatest  economy. 

The  reverberatory  furnace  is  always  employed  to  roast  the  ores  of  precious  m( 
especially  those  for  amalgamation ;  as  the  latter  often  contain  arsenic,  antimony,  i 
volatile  substances,  they  must  be  disposed  of  in  a  peculiar  manner. 

The  sole,  usually  very  spacious,  is  divided  into  two  parts,  of  which  the  one 
off  from  the  furnace  is  a  little  higher  than  the  other.  Above  the  vault  there  is  • 
or  chamber  in  which  the  ore  is  deposited,  and  which  communicates  with  the  bibocniny 
by  a  vertical  passage ;  which  serves  to  allow  the  ore  to  be  pushed  down,  when  it  is  diM 
and  a  little  heated.  The  flame  and  the  smoke  which  escape  from  the  sole  or  labonliay 
pass  into  condensing  chambers,  before  entering  into  the  chimney  of  draught,  ao  as  to 
deposite  in  them  the  oxyde  of  arsenic  and  other  substances.  When  the  ore  on  the  pait 
of  the  sole  farthest  from  the  grate  has  suffered  so  much  heat  as  to  begin  to  be  roamed, 
has  become  less  fusible,  and  when  the  roasting  of  that  in  the  nearer  part  of  the  sole  is 
completed,  the  former  is  raked  towards  the  fire-bridge,  and  its  ustulation  is  finished  M 
stirring  it  over  frequently  with  a  paddle,  skilfblly  worked,  through  one  of  the  doon  left 
in  the  side  for  this  purpose.  The  operation  is  considered  to  be  finished  when  the  Apon 
and  the  smell  have  almost  wholly  ceased ;  its  duration  depending  obviously  on  the  natnie 
of  the  ores. 

When  this  furnace  is  employed  to  roast  very  arsenical  ores,  as  the  tin  ores  of  Schladt> 
enwald  in  Bohemia,  and  at  Ehrenfriedensdorf  in  Saxony,  the  arsenical  pyrites  of  Gcyer 
(in  Saxony),  &c.,  the  chambers  of  condensation  for  the  arsenious  acid  are  much  man 
extensive  than  in  the  furnaces  commonly  used  for  roasting  galena,  copper,  or  even  diver 


Fig9,  686,  687,  688  represent  a  reverberatory  furnace  employed  in  the 
works  of  Lautenthal,  in  the  Hartz,  for  roasting  the  schlichs  of  lead  ores,  which  oont 
much  blende  or  sulphuret  of  zinc.  In^g.  686  we  see  that  the  two  parts  A  b,  b  c^  are 
absolately  Iflce,  the  two  furnaces  being  built  in  one  body  of  brickwork.  Fig,  687  ii 
the  plan  of  the  ibmace  b  c,  taken  at  the  level  s  r  of  Jig.  686.  Fig.  688  is  a  vertieBl 
seerion  of  the  simikr  furnace  a  b,  taken  in  the  prolongation  of  the  line  o  b  Is 
/5f.  6»7. 
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s  Hie  depoHted;  d,  chimney  Tor  th«  escape  of  the  tmoke  of  Ihe  fire-place  a, 

u  gone  through  Ihe  space  bre;  e-,i»  the  charsing  door,  with  ■  hook  hanging 
in  front  to  rest  Xhe  long  iron  nke  npoD,  with  which 
the  nuterials  are  (nninl  orer;  /,  chamber  contain- 
ing a  quantity  of  Bchlich  destined  for  roasting ;  this 
chamber  conununicates  with  the  vaulted  corridM 
(gallery)  d,  seen  in  fig.  686 ;  g,  orifice  Ihrougli 
which  Ihe  Bchlich  is  thrown  into  the  furnace ;  A, 
area  or  hearth  of  the  rererberatory  rumaee,  of  irtiicli 
the  roof  is  certainly  much  loo  high;  i,  cbannela  for 
the  escape  of  the  watery  vapors  i  k,  I,  froat  arcade, 
between  which  and  the  furnace,  properly  speaking, 
are  the  two  orifices  of  the  conduits,  which  termi- 
Dite  at  the  channcU  m,  m',  m  is  the  channel  for 
carrying  towards  (he  chimney  d,  the  vapors  which 
escape  by  the  door  i'.  n  is  a  walled-up  door,  which 
i)  opened  from  time  to  time,  to  take  out  of  the 
chambers  e,  e,  the  luhetancea  chat  may  be  deposiled 

At  the  smelling  works  of  Lsnientlial,  in  such  a 
roasting  furnace,  from  6  to  9  quintals  (cwli.)  of 
Bchlich  are  treated  at  a  time,  and  it  it  ttinedfrcqittni- 
ty  with  an  iron  rake  upon  Ihe  attar  k.  The  period 
of  this  operation  is  Ihim  6  to  12  hours,  according  as 
the  scblieh  may  be  more  or  less  dry,  more  or  lew 

rich  in  lead,  ot  more  o»  lesa  charged  with  blende. 

i  latter  nibnaaee  is  abundant,  the  process  requires  12  boors,  with  about  60 
eMM  Am  of  deft  billeu  for  fneL 

U  auch  furaacM  arc  roaMcd  the  cobalt  ores  of  Schneebetg  in  Saxony,  the  tin  ores  of 

Sehlaekmwsid  in  Bohemia,  of  Ehrenfriederadorf  in  Saiuny,  and  elsewhere ;  as  also  the 

■tMoieal  pyrites  at  Gej'er  in  Saxony.      But  there  ore  poisoa  towers  and  exIenaiTc  con- 

dMing  chamber*  attached  in  the  latter  ease.     See  Absehic 

Ags.689,  690,  691  represent  the  reverberalory  rnmaee  generaliT  employed  in  the 

^-^^^^  Hartx,  in  the  distriei  of  Manafeldt,  Saxony, 

669    ^^m^^^^^  Hungary,  Stt.,  for  the  treatment  of  black  cop- 

^^^^^^^^^^  per,  and  for  refining  rose  copper  upon  the  great 

—  1,     ""1  '^/——^^SH^^         scale.   An  anali^ooi  furnace  is  used  at  Andreas- 

I      ^    ^^Uj^^B         berf  fbr  the  liquefaction  or  purification  of  the 

^^n     JH  iS^b^Hk^B        tnattes,  and  for  workable  lead  when  it  is  much 

^^R    ^D  ^BI^^Bm^^       loaded  with  arsenic 

^"f-  M  '"'"^■"■^^B  Fig.  689  presents  thS  elevation  of  the  fnr- 

'        I    I   I  ,^__.^„_^B      nace  parallel  to  the  line  IB,  of  the  plan  ^g.  690; 
■■■■'  ■  ,llf~:s::^E;;:;^^      which  plan  is  taken  at  the  level  of  the  lny4re% 

of  fig.  6SI ;  fig.  691  is  a  verlicai  section  in  the  line  i.  M,  fig.  690.  k  represents  one  of 
twobasinsof  reception,  brasqned  with  clay  and  charcoal;  n,  s,  two  tnydres,  through  whidi 
enMttthe  blast  of  two  pairs  of  bellowt,  like  those  shown  at  Cupellaiion  of  Siltu  ;  j, 
itm-Vr  which  the  matter  to  be  melted  is  laid  upon  the  Mle  of  the  furnace  ;  v,  «,  tw» 
pointawfeeK  thescde  is  perforated,  when  necessary  to  run  off  the  mched  matter  into 
HthteAfr  tin  buint  ft  i  x,  door  thrai^  which  Iha  ilagt  or  cindoi  Boating  ti|iaa  iha  cn^ 
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fneeof  the  mdted  metal  btc  nkcd  out;  y, door oT Ike  fln-pbe«.    TbaftiduUidapNi 

CaboTG  KD  M)i-pit,  and  below  the  ueh  of  a  reverbenilorT  which  ii  oontignooi  U  Itt 
or  cap  of  the  famace  properl;  lo  c>lled.      la  the  Kclion,  Jig.  691,  the  jbllowiif 
parts  ma;  be  noted  \  1,  !,  3,  maaon-woik  oT  the  fonndation ;  4,  vapor  cbaaneU  w  tm- 


Figt.  692,  693,  694,  ahow  tbe 
rnrnace  UDplojed  tor  Uqnatioa  ia 
one  of  the  principal  vaelling  wob 
of  the  Ham.  Fig.  694  cihilab 
the  working  area  chai^  with  tki 
liquBlion  cakes  and  charcoal,  atp- 
ported  bj  iheeu  of  wrooght  ira  i 
being  an  image  of  the  proeea  ii 
aeliga.  f^.  693  it  the  ^an,  in  the 
line  r  a,  ofjig.  eS2. 

A  liqaaiion  cake  i>  cMnpaaad 
of— 

Black  copper  holding  at  leul  6 
or  6  loUu  (31  or  3  osO  <:''  lilTW  p« 
ewt.,  and  weighing  90  lo  96  Ifea. 

Lead  obtained  from  lithaip^  t 
cwts.    Litharge,  t  cwt. 

From  30  to  32  cakes  are  m» 
ccBsively  worked  in  one  operation 
which  lasti  aboat  6  faoora ;  the  tm- 
nace  ia  bronglit  into  action,  at  ium^ 
with  the  aid  of  dagti  (hen  ■  litdi 
litharge  U  added;  when  the  led 
begini  to  flow,  the  copper  U  {■(!•■ 
■Moced,  and  when  the  copper  Aow^ 
lead  it  added,  to  that  the  mixtan 
of  the  melala  may  be  eSected  in  the 
belt  way  pouible. 

From  8  to  16  of  these  cakea  (paitu)  are  uanally  placed  in  the  liquation  fnmaee,  jlp. 
692,693,694.  The  operation  lasts  3  or  4  honrs,  in  which  lime  about  1|  quintajsof  char- 
coal are  cansumed.  The  cakes  are  covered  with  burning  eharcaal,  supported,  as  I  hart 
said,  by  the  iron  plates.  The  workable  lead  obtained  flows  olF  towards  the  basin  in  fital 
of  the  furnace ;  whence  it  is  laded  oat  into  moulds  set  idongcide.  See  fig.  693.  IT  the 
load  Ibns  oblnined  be  not  sufficiently  rich  in  stiver  to  be  worth  cupeUation,  it  is  eiDidoyal 
to  form  new  liquatioo  cakes.  When  it  contains  from  5  to  6  loths  of  silver  per  cwt.,  it  il 
fnhmitled  to  cupellalion  ia  the  said  smelling  works.    See  Silver. 

The  Irompe,  or  Water  blowing  engine,  Jigi.  69S,  696,  697.  Fig.  695  is  the  eleralioat 
Jtg.  696  isa  vertical  section,  made  alright  angles  loIheeleTalioD.  The  maehiae  is  f<»nM 
n€  twt)  cyliudrical  pipes,  the  bodies  of  the  Irompt  b  b,  set  upright,  called  the  fannels,  whick 
lenninate  aboTc  in  a  water  dstem  a,  and  below  in  a  dOM  tnsin  nnder  c,  called  the  M  w 
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H  were,  in  otder  that  tb«  water  duchu^ed  into  the  hoij  of  the  trompe  shall  not  fill  the 


p^  in  lUliiig,  bnl  be  divided  into  many  streamlets.  Beloir  ihii  aarrou  pari,  eight  holei, 
f  9,  are  perforated  obliqaely  throagh  the  gabstBiiee  of  the  trompe,  called  the  vent-holes 
«  noetrils,  Ibr  admitlin);  the  air,  which  the  watEi  carriei  with  it  in  its  deteent.  The  air 
•Aerweidt  parts  from  the  water,  by  dashing  upoo  a  cait-iioo  slab,  placed  in  the  drum 
npoB  the  liedestal  d.  An  aperture  J,  at  the  bottom  of  the  drum,  allows  the  water  to  flow 
awar  after  ita  fall ;  but,  to  prevent  the  air  from  eacaping  along  with  it,  the  water  aa  it 
iwDci  ii  received  in  a  chest  imno,  divided  into  two  parts  by  a  vertical  slide-plate  be- 
tween ma.  By  raising  or  lowerin;  this  plate,  the  water  may  be  niaintaiaed  at  any  desi- 
red level  within  the  drnni,  bo  as  to  give  the  included  air  any  detenniuate  degree  of  pressure. 
The  •nperflDons  water  then  Sows  off  by  the  hole  o. 

Hie  air-pipe  t,  fig.  696,  is  fitted  lo  the  upper  part  of  the  dntm;  it  is  divided,  at  the 
potnl  /,  into  three  tubes,  of  which  the  principal  one  is  destined  for  the  furnace  of  enpel- 
Mian,  while  the  other  two  g  g,  serve  for  different  melting  Aimaces.  Each  of  these 
tnbe*  ends  in  a  leather  pocket,  fpd  an  iron  nose-pipe  k,  adjualed  in  the  tuyere  of 
the  romaee.  At  Pesey,  and  in  tW  whole  of  Savoy,  a  floodgate  is  fitted  into  the  upper 
eirtem  a,  to  regulate  the  admisgion  of  water  into  the  trompe  ;  but  in  Camtola,  the  funnel 
p  ia  closed  with  a  wooden  plu^,  suspended  to  a  cord,  which  goes  round  a  pulley  mounted 
npon  a  horizontal  axis,  as  shown  in  ftg,  6^.  By  the  plug  a  being  raised  more  or  less, 
merely  the  qoanlity  of  water  reqairol  for  the  operation  is  admitted.  The  plug  is  pier- 
ced lengthwise  with  an  obliqne  hole  c  c,  in  which  the  small  tube  r  is  inserted,  vrith  its  top 
•ome  way  above  the  water  level,  through  whieh  air  may  be  admitted  into  the  heart  of  the 
ednmu  descending  into  the  trompe  p  q. 

The  ordinary  he^ht  of  the  trompe  apparatus  is  about  26  or  27  feet  to  the  upper  level 
ef  the  mta  cistern ;  its  total  length  is  1 1  metres  (36  feet  6  inche«),  and  its  width  2  feet, 
to  give  room  for  the  dnuns.  It  ia  situated  10  m£trei  r33i  feet]  from  the  melting  foiuaee. 
TIdt  is  the  case  at  the  smelting  worlts  of  Jauerberg,  in  Upper  Carniola. 


Aamj*  ought  to  occupy  an  important  place  in  melallnrgie  ii 


■nd  there  ii 
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reason  to  belieTe  that  the  knowledge  of  attayinfif  is  not  snfidently  diflTased,  nnee  Hi 
practice  is  so  often  neglected  in  smeltins:  houses.  Not  only  ought  the  assays  of  the 
ores  under  treatment  to  be  frequently  repeated,  because  their  nature  is  subject  to  Ttiy; 
but  the  different  products  of  the  furnaces  should  he  subjected  to  reiterated  assays,  at  iLe 
several  periods  of  the  operations.  When  silver  or  gold  ores  are  in  qucstioOy  the  dod- 
mastic  operations,  then  indispensable,  exercise  a  salutary  control  over  the  metallnriie 
processes,  and  nilbrd  a  clear  indication  of  the  quantities  of  precious  metal  which  thcf 
ought  to  produce. 

By  the  title  ^issays,  in  a  roetallurgic  point  of  view,  is  meant  the  method  of  asceitaii- 
ing  fur  any  substance  whatever,  not  only  the  presence  and  the  nature  of  a  metal,  batili 
proi)ortional  quantity.  Hence  the  operations  which  do  not  lead  to  a  precise  detenni- 
nation  of  the  metal  in  question,  are  not  to  be  arranged  among  the  assays  now  oader 
consideration.  Experiments  made  with  the  blow-pipe,  although  capable  of  yielding  mort 
useful  indications,  are  like  the  touchstone  in  regai-d  to  gold,  and  do  not  constitute  genniae 
assavs. 

Throe  kinds  of  assays  may  be  practised  in  different  circumstances,  and  with  more  or 
less  advantage  ui>on  different  ores.  1.  The  mechanical  assay ;  2.  the  assay  by  the  dry 
way  ;  3.  the  assay  by  th9  humid  way. 

1.  Of  mcchaninU  assays, — These  kinds  of  assays  consist  in  the  separation  of  the 
substances  mechanically  mixed  in  the  ores,  and  are  performed  by  a  hand-washing,  in  a 
small  trough  of  an  oblong  shape,  called  a  sebilla,  AAer  pulverizing  with  more  or  len 
pains  the  matters  to  be  assayed  by  this  process,  a  determinate  weight  of  them  is  put  into 
this  wooden  l«owl  with  a  little  water ;  and  by  means  9f  certain  movements  and  seme 
precautions,  to  be  learned  only  by  i)racticc,  the  lightest  substances  may  be  pretty  exactly 
separated,  namely,  the  earthy  gans:ues  from  the  denser  matter  or  metallic  particles,  witli> 
out  losing  any  sensible  portion  of  them.  I'hus  a  schlich  of  greater  or  less  purity  will  be 
obtaineil,  which  may  afford  the  means  of  judging  by  its  <iuality  of  the  richness  of  the  as- 
sayed ores,  and  which  may  thereaAer  be  subjected  to  assays  of  another  kind,  whereby  the 
whole  metal  may  be  insulated. 

Washing,  as  an  assay,  is  practised  on  auriferous  sands ;  on  all  ores  from  the  aiamps,  and 
even  on  scklichs  already  washed  upon  the  great  scale,  to  appreciate  more  nicely  the  degree 
of  purity  they  have  acquired.  The  ores  of  tin  in  which  the  oxyde  is  oAen  disseminated 
in  much  earthy  gangue,  are  well  adapted  to  this  species  of  aisay,  because  the  tin  ox3rde 
is  ver)'  dense.  The  mechanical  assay  may  also  be  employed  in  reference  to  the  orei 
whose  metallic  portion  presents  a  uniform  composition,  provided  it  also  possesses  con. 
siderable  specific  gravity.  Thus  the  ores  of  sulphuret  of  lead  (galena)  being  susceptible 
of  becoming  almost  pure  sulphurets  (within  1  or  2  per  cent,)  by  mere  washing  skilfully 
conducted,  the  richness  of  that  ore  in  pore  galena,  and  consequently  in  lead,  may  be  at 
once  concluded  ;  since  120  of  galena  contain  104  of  lead,  and  16  of  sulphur.  The  sul- 
phuret of  antimony  mingled  with  its  gangue  may  be  subjected  to  the  same  mode  of  assay, 
and  the  result  will  be  still  more  direct,  since  the  crude  antimony  is  brought  into  the  nuup> 
ket  aAer  being  freed  from  its  gangue  by  a  simple  fusion. 

The  assay  by  washing  is  also  had  recourse  to  for  ascertainincr  if  the  scorim  or  other 
products  of  the  furnaces  contain  some  metallic  grains  which  might  be  extracted  frab 
them  by  stamping  and  washing  on  the  great  scale ;  a  process  emploj'cd  consideraUy  with 
the  scories  of  tin  and  copper  works. 

Of  ttitsays  by  the  dry-  wayi — The  assay  by  the  dry  way  has  for  its  object,  to  show 
the  nature  and  proportion  of  the  metals  contained  in  a  mineral  substance.  To  make  a 
good  assay,  however,  it  is  indispensably  necessar>'  to  know  what  is  the  metal  associated 
with  it,  and  even  within  certain  limits,  the  quantity  of  the  foreign  bodies.  Only  one 
metal  is  commonly  looked  aAer ;  unless  in  the  case  of  certain  argentiferous  ores.  The^ 
mineralogical  examination  of  the  substances  under  treatment,  is  most  commonly  snfficieat 
to  afford  data  in  these  respects;  but  the  assays  may  always  be  varied  with  different  ^iewi^ 
before  stopping  at  n  definite  result ;  and  in  every  instance,  only  such  assays  can  be  con^ 
fided  in,  as  have  been  verified  by  a  double  operation. 

This  mode  of  assaying  requires  only  a  little  experience,  with  a  simple  apparatus ;  and 
is  of  such  n  nature  as  to  be  practised  currently  in  the  smeltlhg  works.  The  air  furnace 
and  crucibles  employed  arc  described  in  all  good  elementary  chemical  books.  These 
assays  are  usually  performed  with  the  addition  of  a  flux  to  the  ore,  or  some  agent  for 
separating  the  earthy  from  the  metallic  substances ;  and  they  possess  a  peculiar  advait- 
tage  relative  to  the  smelting  operations,  because  they  offer  many  ansiogies  between 
results  on  the  great  scale  and  experiments  on  the  small.  This  may  even  enable  us  ofte& 
to  deduce,  from  the  manner  in  which  the  assay  has  succeeded  with  a  certain  flux,  and  al 
a  certain  decree  of  heat^  valuable  indications  as  to  the  treatment  of  the  ore  in  the  gvetl 
way.    See  Furnace. 

In  the  smelting  houses  which  purchase  the  ore,  as  in  Germany,  it  is  necessary  to 
bestow  much  attention  xipon  the  assays,  becatise  they  serve  to  regulate  the  qaality  and 
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Ike  price  of  tlie  Khliehs  to  be  deUreied.  These  unys  ue  not  by  any  meens  free  from 
fUBeiiltieiy  espedelly  wbcn  ores  eontaining  seroel  umAiI  metals  are  treated,  and  which 
•le  to  be  dosed  or  inoportioned ;  ores,  for  example  indnding  a  notable  quantity  of  lead, 
copper,  and  silTer,  mixed  together. 

^  In  the  central  woilts  of  the  Harta,  as  well  as  in  those  of  Saxony,  the  adUu^  as  de- 
liTered  are  subjected  to  docimastic  assays,  which  are  verified  three  times,  and  by  three 
different  persons,  one  of  whom  is  engaged  for  the  interests  of  the  mining  partners, 
smother  for  that  of  the  smelting  house,  and  a  third  as  arbiter  in  case  of  a  difl'erence.  If 
Che  first  two  results  of  assaying  differ  by  |  loth  (or  }  ounce)  of  silver  per  cwt.  of  adilichy 
the  operations  must  be  resumed ;  but  this  rarely  happens.  When  out  of  the  three  assays, 
Che  one  differs  from  the  two  others  by  no  more  than  i  loth  of  silver  per  cwt.,  but  by 
more  in  one,  and  by  less  in  another,  the  mean  result  is  adopted.  As  to  the  contents  of  the 
aeft/tcft  in  lead,  the  mean  results  of  the  assays  must  be  taken.  The  differences  allowed 
mie  three  pounids  for  the  8chlich,  when  it  contains  from  12  to  30  per  cent,  of  lead,  increas- 
ing to  six  pounds  for  sdUichy  when  it  contains  less  than  55  per  cent,  of  that  metal. 

Assaying  forms,  in  great  establishments,  an  important  object  in  reference  to  time  and 
expense.  Thus,  in  the  single  work  of  Franckenscham,  in  the  Hartz,  no  less  than  300 
stfsays  have  to  be  made  in  a  threefoM  way,  every  Monday,  without  taking  into  account 
the  several  assays  of  the  smelting  products  which  take  place  every  Thursday.  Formerly 
flnxes  more  or  less  compound  were  employed  for  these  purposes,  and  every  assay  cost 
aboot  fifteen  pence.  At  present  all  these  assays  are  made  more  simply,  by  much  cheaper 
methods,  and  cost  a  penny  farthing  each  upon  an  average. 

O/  the  assays  by  ike  humid  tra^. — ^The  assays  by  the  humid  way,  not  reducible  to  very 
simple  processes,  are  true  chemical  analyses,  which  may  in  fkct  be  applied  with  much 
advantage,  either  to  ores,  or  to  the  products  of  the  furnace ;  but  which  cannot  be  expected 
to  be  practised  in  smelting-houses,  on  account  of  the  complication  of  apparatus  and 
reagents  they  require.  Moreover,  an  expert  chemist  is  necessary  to  obtain  results  that 
can  be  depended  on.  The  directors  of  smelting-houses,  however,  should  never  neglect  any 
opportunities  that  may  occur  of  submitting  the  materials  operated  upon,  as  well  as  their 
products,  to  a  more  thorough  examination  than  the  dry  way  alone  can  effect.  One  of  the 
great  advantages  of  similar  researches  is  to  discover  and  appreciate  the  minute  quantities 
of  injurious  substances  which  impair  the  malleability  of  the  metals,  which  give  them  seve- 
ral bad  qualities,  a1x>ut  whose  nature  and  cause  more  or  less  error  and  uncertainty  prevaiL 
Qiemical  analysis,  rightly  applied  to  metallurgy,  cannot  fail  to  introduce  remarkable 
Improvements  into  the  processes.    See  the  difi'erent  metals,  in  their  alphabetical  places. 

For  assays  in  the  dry  way,  both  of  stony  and  metallic  minerals,  the  process  of  Dr. 
Abich  deserves  recommendation.  It  consists  in  mixing  the  pulverized  mineral  with  4  or 
6  times  its  weight  of  carbonate  of  baryta  in  powder,  ftising  the  mixture  at  a  white  heat, 
and  then  dissolving  it,  after  it  cools,  in  dilute  muriatic  acid.  The  most  refractory  mine- 
rals, even  corundum,  cyanate,  staurolite,  zircon,  and  feldspar,  yield  readily  to  this  treat- 
ment. This  process  may  be  employed  with  advantage  upon  poor  refractory  ores.  The 
platinnm  crucible,  into  which  the  mixed  materials  are  put  for  fusion,  should  be  placed  in 
a  Hessian  crucible,  and  surrounded  with  good  coke. 

The  foUowing  tabular  view  of  the  metallic  produce  of  the  British  mines  is  given  by 
two  very  skilful  observers,  in  a  work  published  in  1827,  entitled  Voyage  Meiallurgique  en 
Angkiem,  par  MM.  Du/rtnoy  et  Elie  de  Beawnont  .^— 
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The  mtnganese  raised  in  England  exceeds  2000  tons. 

M.  Heron  de  Villefosse  inserted  in  the  last  number  of  the  j^imaka  di$  JftMS  fat  ]827, 
the  following  statistical  view  of  the  metallic  products  of  France : — 


Lead  in  pigs  (taumont)             ......  109 

Litharge            ........  618 

Sulphuret  of  lead,  groond  galena  (a/fat^oitx)    -           -           -           -  112 

Black  copper    ........  164 

Antimony  ........91 

Manganese       ........  765 

Crude  cast-iron             .......  25,i606 

Bar  iron           ........  127,643 

Steel 3,600 

Silver  in  ingots              .......  il 


The  total  value  of  which  is  estimated  at  80  millions  of  francs;  or  about  3,40D/K)0 
sterling. 

METALS  (Metaux,  Fr. ;  MetalU,  Germ.)  are  by  far  the  most  nomerous  class  of  unde- 
compounded  bodies  in  chemical  arrangements.  They  amount  to  41 ;  of  which  7  torm, 
with  oxygen,  bodies  possessed  of  alkaline  properties :  these  are,  1.  potassium  j  2.  so- 
dium; 3.  lithium;  4.  barytium,  or  barium;  5.  strontium;  6.  calcium;  7.  magAesinm; 
for  even  magnesia,  the  last  and  feeblest  base,  tinges  turmeric  brown,  and  red  cabbage 
green.  The  next  5  metak  form,  with  oxygen,  the  earths  proper ;  they  are,  8.  yttrium ; 
9.  glucinum;  10.  alumium;  11.  zirconium;  12.  thorinum.  The  remaining  29  maybe 
enumerated  in  alphabetical  order,  as  they  hardly  admit  of  being  grouped  into  sobdivisioos 
with  any  advantage.  They  are  as  follows:  13.  antimony;  14.  arsenic;  16.  bismath; 
16.  cadmium;  17.  cerium;  18.  chromium;  19.  cobalt;  20.  copper;  21.  gold;  22.  iri- 
dium; 23.  iron;  24.  lead;  25.  manganese;  26.  mercury;  27.  molydennm;  28.  nickel; 
29.  osmium;  30.  palladium;  31.  platinum;  32.  rhodium;  33.  silver;  ♦34.  tantalum; 
35.  tellurium;  36.  tin;  37.  titanium;  38.  tungstenium;  39.  vanadium;  40.  aranium; 
41.  zinc. 

1.  They  are  all,  more  or  less,  remarkable  for  a  peculiar  lustre,  called  the  metaUic 
This  property  of  strongly  reflecting  light  is  connected  with  a  certain  state  of  aggregation 
of  their  particles,  but  is  possessed,  superficially  at  least,  by  mica,  animal  charroal,  sele- 
nium, polished  indigo ; — bodies  not  at  all  metallic 

2.  The  metals  are  excellent  conductors  of  caloric,  and  most  of  them  also  of  electricity, 
though  probably  not  all.  According  t^  Despretz,  they  possess  the  power  of  conductiag 
heat  according  to  the  following  numbers : — Gold,  1000 ;  platinum,  981 ;  silver,  973;  cop- 
per, 898 ;  iron,  374  ;  zinc,  363  ;  tin,  304 ;  lead,  179*6. 

Becquerel  gives  the  following  table  of  metals,  as  to  electrical  conduction  »— 

Copper,  100;  gold,  93*6;  silver,  73*6;  zinc,  28-5;  platina,  16*4;  iron,  15*8;  tin,  15*5; 

lead,  8*3  ;  mercury,  3*5 ;  potassium,  1*33. 
The  metals  which  hardly,  if  at  all,  conduct  electricity,  are  zirconium,  aluminin,  tanti- 

lum  in  powder,  and  tellurium. 

3.  Metals  are  probably  opaque ;  yet  gold  leaf,  as  observed  by  Newton,  seems  to  trans- 
mit the  green  rays,  for  objects  plac€N]  behind  it  in  the  sunbeam  appear  green.  This  phe- 
nomena has,  however,  been  ascribed  to  the  rays  of  light  passing  through  an  infinite 
number  of  minute  fissures  in  the  thinly  hammer^  gold. 

4.  All  metals  are  capable  of  combining  with  oxygen,  but  with  affinities  and  in  quanti- 
ties extremely  different.  Potassium  and  sodium  have  the  strongest  affinity  for  it;  arsenic 
and  chromium,  the  feeblest.  Many  metals  become  acids  by  a  sufficient  dose  of  oxygcSt 
while  with  a  smaller  dose  they  constitute  salifiable  bases. 

5.  Metals  combine  with  each  other,  forming  a  class  of  bodies  called  alloys,  except 
when  one  of  them  is  mercury,  in  which  case  the  compound  is  styled  an  amalgam. 

6.  They  combine  with  hydrogen  into  hydrunta ;  with  carbon,  into  carimrtU ;  with  sul- 
phur, into  sulpknnt$ ;  with  phosphorus,  into  phospkurtU ;  with  selenium,  into  seUniurtts  ; 
with  boron,  into  boruret$  (boridesf);  with  chlorine,  into  chlorides;  with  iodine,  vaX» 
iodides ;  with  cyanogen,  into  cyamdea ;  with  silicon,  into  ailicidea ;  and  with  fluorine,  ixs>to 
fiwnid/es, 

7.  Metallic  salts  are  definite  compounds,  mostly  crystalline,  of  the  metallic  ozydes 
the  acids.    See  Haix)id. 

METEORITES  (^eroHihea,  Fr.)  are  stones  of  a  peculiar  aspect  and  compositioii, 
have  fallen  from  the  air. 

METHYLE'NE,  a  peculiar  liquid  compound  of  carbon  and  hydrogen,  extracted 
pyroxylic  spirit,  which  is  reckoned  to  be  a  bi-hydrate  of  methyVtne, 

MICA  is  a  finely  foliated  mineral,  of  a  pearly  metallic  lustre.    It  is  harder 
gypanm,  but  not  so  hard  as  calc-spar;  flexible  and  elastic;  spec  grav.  2*65. 
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an  ingredient  of  granite  imd  gneiss.  The  large  sheets  of  miea  exposed  for  sale  in  London, 
mre  mostly  brought  (torn  Siberia.  They  are  used,  instead  of  glass,  to  enclose  the  fire, 
without  concealing  the  flame,  in  certain  stoves.  , 

The  mica  of  Fahlun,  analysed  by  Rose,  afforded,  silica,  46-22 ;  alumina,  34-52;  peroz- 
ydet  of  iron,  6*04;  potash,  8*22;  magnesia,  with  oxyde  of  manganese,  2*11;  fluoric 
•eid,  1-09 ;  water,  0-98. 

MICROCOSMIC  SALT;  a  term  given  to  a  salt  extracted  fh>m  human  urine, 
because  roan  was  regarded  by  the  alchemists  as  a  miniature  of  the  world,  or  the  micro- 
cosm. It  is  a  phosphate  of  soda  and  ammonia;  and  is  now  prepared  by  mixing 
equivalent  proportions  of  phosphate  of  soda  and  phosphate  ^f  ammonia,  each  in  solu- 
tion, evaporating  and  ciystallizing  the  mixture.  A  small  excess  of  ammonia  aids  the 
crystallization. 

MILK  (Laity  Fr. ;  ISiUhty  Germ.)  owes  its  whiteness  and  opacity  to  an  emulsion  com- 
poaed  of  the  caseous  matter  and  butter,  with  sugar  of  milk,  extractive  matters,  salts,  and 
ftee  lactic  acid ;  the  latter  of  which  causes  fresh  milk  to  redden  litmus  paper.  Milk,  in 
general,  contains  from  10  to  12  per  cent,  of  solid  matter,  on  being  evaporated  to  dryness 
by  a  steam  heat.  The  mean  specific  gravity  of  cows'  milk  is  r030,  but  it  is  less  if ' 
tbe  milk  be  rich  in  cream.  The  specific  gravity  of  the  skimmed  milk  is  1-035 ;  and  of 
the  cream  is  1-0244.     100  parts  of  creamed  milk  contain — 

Caseous  matter,  containing  some  butter,      ......  2*600 

Sugar  of  milk 3-500 

Alcoholic  extract,  lactic  acid,  and  lactates   ......  0*600 

Salts ;  muriate  and  phosphate  of  potash,  and  phosphate  of  lime    -        -  0-420 

Water 92*875 

Cream  consists  of— Butter  separated  by  churning        ....  4-5 

Caseous  matter  precipitated  by  the  coagulation  of  the  milk  of  the  butter  3*5 

Butter-milk 920 


100*0 


When  milk  contained  in  wire-corkefl  bottles,  is  heated  to  the  boiling  point  in  a  water 
bath,  the  oxygen  of  the  included  small  portion  of  air  under  the  cork  seems  to  be  carbon- 
•ted,  and  the  milk  will  afterwards  keep  fresh,  it  is  said,  for  a  year  or  two ;  as  green 
gooseberries  and  peas  do  by  the  same  treatment. 

MILL-STONE,  or  Buhr-Stone.  This  interesting  form  of  silica,  which  occurs  in  great 
masses,  has  a  texture  essentially  cellular,  the  cells  being  irregular  in  number,  shape,  and 
size,  and  are  often  crossed  by  thin  plates,  or  coarse  fibres  of  silex.  The  Buhr-stone  has 
a  straight  fracture,  but  it  is  not  so  brittle  as  flint,  though  its  hardness  is  nearly  the  same. 
It  is  feebly  translucent ;  its  colors  are  pale  and  dead,  of  a  whitish,  grayish,  or  yellowish 
east,  sometimes  with  a  tinge  of  blue. 

The  Buhr-stones  usually  occur  in  beds,  which  are  sometimes  continuous,  and  at  others 
interrupted.  These  beds  are  placed  amid  deposites  of  sand,  or  argillaceous  and  ferru- 
ginoos  marls,  which  penetrate  between  them,  filling  their  fissures  and  honeycomb  cavities. 
Bohr-stones  constitute  a  very  rare  geological  formatio;i,  being  found  in  abundance  only  in 
the  mineral  basin  of  Paris,  and  a  few  adjoining  districts.  Its  place  of  superposition  is 
well  ascertainnl :  it  forms  a  part  of  the  lacustrine,  or  fresh-water  formation,  which,  in 
the  locality  alluded  to,  lies  above  the  fossil-bone  gypsum,  and  the  stratum  of  sand  and 
marine  sandstone  which  covers  it.  Buhr-stone  constitutes,  therefore,  the  uppermost  solid 
stratum  of  the  crust  of  the  globe ;  for  above  it  there  is  nothing  but  alluvial  soil,  or  diluvial 
gravel,  sand,  and  loam. 

Buhr-stones  sometimes  contain  no  organic  forms,  at  others  they  seem  as  if  stuffed  full 
of  fresh-water  shells,  or  land  shells  and  vegetables  of  inland  growth.  There  is  no  excep- 
tion known  to  this  arrangement ;  but  the  shells  have  assumed  a  silicious  nature,  and  their 
cavities  are  often  bedecked  with  crystals  of  quartz.  The  best  Buhr-stones  for  grinding 
com,  have  about  an  equal  proportion  of  solid  matter,  and  of  vacant  space.  The  finest 
quarry  of  them  is  upon  the  high  ground,  near  La  Ferte-sotu-Jouarre,  The  stones  are 
quarried  in  the  open  air,  and  are  cut  out  in  cylinders,  from  one  to  two  yards  in  diameter, 
by  a  series  of  iron  and  wooden  wedges,  gradually  but  equally  inserted.  The  pieces  of 
buhr-stones  are  afterwards  cut  in  piurallelopipeds,  called  panes,  which  are  bound  with  iron 
hoops  into  large  millstones.  These  pieces  are  exported  chiefly  to  England  and  Anierica. 
Good  millstones  of  a  bluish  white  color,  with  a  regular  proportion  of  cells,  when  six  feet 
and  a  half  in  diameter,  fetch  1200  francs  a-piece,  or  48/.  sterling.  A  coarse  conglom- 
erate sandstone  or  breccia  is,  in  some  cases,  used  as  a  substitute  for  buhr-stones ;  but 
it  is  a  poor  one. 

MINERAL  WATERS.    See  Soda  Water,  and  Waters,  Mineral. 

MINES,  {Bergioerke,  Germ.)  Amidst  the  variety  of  bodies  apparently  infinite,  which 
compose  the  crust  of  the  globe,  geologists  have  demonstrated  the  prevalence  of  a  few 
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general  systems  of  rockv,  to  which  they  have  given  the  name  of  famuUiont  or  dquiitm, 
A  large  proportion  of  these  mineral  systems  consists  of  parallel  planes,  whose  length  aad 
breadth  greatly  exceed  their  thickness;  on  which  account  they  are  called  stratified  rocks; 
others  occur  in  very  thick  blocks,  without  any  parallel  stratification,  or  horizontal  seuni 
of  considerable  extent. 

The  stratiform  deposites  are  subdivided  into  two  great  classes ;  the  primary  and  the 
secondary.  The  former  seem  to  have  been  called  into  existence  before  the  creation  of 
organic  matter,  because  they  contain  no  exuvise  of  vegetable  or  animal  beings ;  while 
the  latter  are  more  or  less  interspersed,  and  sometimes  replete  with  organic  remains. 
The  primary  strata  are  ch^tracterizedjlnoreover,  by  the  nearly  vertical  or  highly  inclined 
position  of  their  planes ;  the  secondary  lie  for  the  most  part  in  a  nearly  horizontal 
position. 

Where  the  primitive  mountains  graduate  down  into  the  plains,  rocks  of  an  intermediale 
character  appear,  which,  though  possessing  a  nearly  vertical  position,  contain  a  ftw 
Testiges  of  animal  beings,  especially  shells.  These  have  been  caUed  transUitmf  to  indicate 
their  being  the  passing  links  between  the  first  and  second  s>'8tems  of  ancient  deposites; 
they  are  distinguished  by  the  fractured  and  cemented  texture  of  their  planes,  for  which 
reason  they  are  sometimes  called  coniflomerate. 

Between  these  and  the  truly  secondary  rocks,  another  very  valuable  series  is  interposed 
in  certain  districts  of  the  globe ;  namely,  the  coal-measures,  the  paramount  formation  of 
Great  Britain.  The  coal  strata  arc  di$i>osed  in  a  basin-form,  and  alternate  with  parallel 
beds  of  sandstone,  slate-clay,  iron-stone,  and  occasionally  limestone.  Some  geologists 
have  called  the  coal-measures  the  medial  formation. 

In  every  mineral  plane,  the  inclination  and  direction  are  to  be  noted ;  the  former  being 
the  angle  which  it  forms  with  the  horizon,  the  latter  the  point  of  the  azimuth  or  horizoOf 
towards  which  it  dips,  as  west,  north-east,  south,  &c.  The  direction  of  the  bed  is  that 
of  a  horizontal  line  drawn  in  its  plane ;  and  which  is  also  denoted  by  the  point  of  the 
compass.  Since  the  lines  of  direction  and  inclination  arc  nt  right  angles  to  each  other, 
the  first  may  always  be  inferred  from  the  second ;  for  when  a  stratum  is  said  to  dip  to  the 
east  or  west,  this  implies  that  its  direction  is  north  and  south. 

The  smaller  sinuosities  of  the  bed  are  not  taken  into  account,  just  as  the  windings  of 
a  river  are  neglected  in  stating  the  line  of  its  course. 

Masses  are  mineral  deposites,  not- extensively  spread  in  parallel  planes,  but  inregnlar 
heaps,  rounded  or  oval,  enveloped  in  whole  or  in  a  great  measure  by  rocks  of  •  different 
kind.  Lenticular  masses  being  frequently  placed  between  two  horizontal  or  inclined 
strata,  have  been  sometimes  supposed  to  be  stratiform  themselves,  and  have  been  accord- 
ingly denominated  by  the  Germans  liegendc  stocke,  lying  heaps  or  blocks. 

The  orbicular  masses  often  occur  in  the  interior  of  nnstratified  mountains,  or  in  the 
bosom  of  one  bed. 

NeMjty  concretions,  nodulcsy  are  small  masses  found  in  the  middle  of  strata;  the  first  be- 
ing commonly  in  a  friable  state;  the  second  often  kidney-shaped,  or  tuberous;  the  third 
nearly  round,  and  incrustc'l,  like  the  kernel  of  an  almond. 

Lodes,  or  large  veins,  are  flattened  masses,  with  their  opposite  surfaces  not  paralld, 
which  consequently  terminate  like  a  wedge,  at  a  greater  or  less  distance,  and  do  not  run 
parallel  with  the  rocky  strata  in  which  they  lie,  but  cross  them  in  a  direction  not  ftr 
from  the  perpendicular ;  of\en  traversing  several  different  mineral  planes.  The  lodu  are 
sometimes  deranged  in  their  course,  so  as  to  pursue  for  a  little  way  the  space  between 
two  contiguous  strata;  at  other  times  they  divide  into  several  branches.  The  matter 
which  fills  the  lodes  is  for  the  most  part  entirely  different  from  the  rocks  they  pan 
through,  or  at  least  it  possesses  peculiar  features. 

This  mode  of  existence,  exhibited  by  several  mineral  substances,  but  which  has 
been  long  known  with  regard  to  metallic  ores,  suggests  the  idea  of  clefts  or  rents 
having  been  made  in  the  stratum  posterior  to  its  consolidation,  and  of  the  Tacnities 
having  been  filled  with  foreign  matter,  either  immediately  or  aAer  a  certain  intervaL 
There  can  be  no  doubt  as  to  the  justness  of  the  first  part  of  the  proposition,  for  there 
may  be  observed  round  many  lodes  undeniable  proofs  of  the  movement  or  dislocation  of 
the  rock ;  for  example,  upon  each  side  of  the  rent,  the  same  strata  are  no  loi^r  situated 
in  the  same  plane  as  before,  but  make  greater  or  smaller  angles  with  it ;  or  the  stratum 
upon  one  side  of  the  lode  is  raised  considerably  above,  or  depressed  considerably  below, 
its  counterpart  upon  the  other  side.  With  regard  to  the  manner  in  which  the  rent  has 
been  filled,  different  opinions  may  be  entertained.  In  the  lodes  which  are  widest  near 
the  surface  of  the  ground,  and  graduate  into  a  thin  wedge  below,  the  foreign  matter 
would  seem  to  have  been  introduced  as  into  a  funnel  at  the  top,  and  to  have  canied 
along  with  it  in  its  fluid  state  portions  of  rounded  gravel  and  organic  remains.  In 
other  cases,  other  conceptions  seem  to  be  more  probable  ;  since  many  lodes  are  largest 
at  their  under  part,  and  become  progressively  narrower  as  they  approach  the  snriaee ; 
ihus  which  circnmstance  it  has  been  inferred  that  the  rent  -  has  been  cansed  I7  an 
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expansiye  force  acting  from  within  the  earth,  and  that  the  foreign  matter,  having  been 
injected  in  a  fluid  state,  has  afterwards  slowly  crystallized.  This  hypothesis  accounts 
much  better  than  the  other  for  most  of  the  phenomena  observable  in  mineral  veins,  for 
the  alterations  of  the  rock  at  their  sides,  for  the  crystallization  of  the  dilfercnt  substances 
interspersed  in  them,  for  the  cavities  bestudded  with  little  crystals,  and  for  many  minute 
peculiarities.  Thus,  the  large  crystals  of  certain  substances  which  line  the  walls  of 
hollow  veins,  have  sometimes  their  under  surfaces  besprinkled  with  small  crystals  of 
mlphuret?,  arseniurets,  &c.,  while  their  upper  surfaces  are  quite  smooth ;  suggesting 
the  idea  of  a  slow  sublimation  of  these  volatile  matters  from  below,  by  the  residual 
heat,  and  their  condensation  upon  the  under  faces  of  the  crystalline  bodies,  already 
eooled.  This  phenomenon  affords  a  strong  indication  of  the  igneous  origin  of  metalli- 
IbfonB  veins. 

In  the  lodes,  the  principal  matters  which  fill  them  are  to  be  distinguished  from  the 
accessory  substances ;  the  latter  being  distributed  irregularly,  amidst  the  mass  of  the  first, 
in  cryttids,  nodules,  grains,  seams,  &:c.  The  non-metalliferous  exterior  portion,  which  is 
often  the  largest,  is  called  gangue,  from  the  German  gang,  vein.  The  position  of  a  vein 
is  denoted,  like  that  of  the  strata,  by  the  angle  of  inclination,  and  the  point  of  the  horizon 
towards  which  they  dip,  whence  the  direction  is  deduced. 

Vtinij  are  merely  small  lodes,  which  sometimes  traverse  the  great  ones,  ramifying  in 
Taiious  directions,  and  in  different  degrees  of  tenuity. 

A  metalliferous  substance  is  said  to  be  dis$eminated,  when  it  is  dispersed  in  crj'stals, 
spangles,  scales,  globules,  5cc.,  through  a  large  mineral  mass. 

Certain  ores  which  contain  the  metals  most  indispensable  to  human  necessities,  have 
been  treasured  up  by  the  Creator  in  very  bountiful  deposites ;  constituting  either  great 
masses  in  rocks  of  different  kinds,  or  distributed  in  lodes,  veins,  nests,  concretions,  or  beds 
with  stony  and  earthy  admixtures ;  the  whole  of  which  become  the  objects  of  mineral  ex- 
ploration. These  precious  stores  occur  in  different  stages  of  the  geological  formations ; 
bnt  their  main  portion,  aAer  having  existed  abundantly  in  the  several  orders  of  the  pri- 
nary  strata,  suddenly  cease  to  be  found  towards  the  middle  of  the  secondary.  Iron  ores 
are  the  only  ones  which  continue  among  the  more  modem  deposites,  even  so  high  as  the 
beds  immediately  beneath  the  chalk,  when  they  also  disappear,  or  exist  merely  as  color- 
ing matters  of  the  tertiary  earthy  beds. 

The  strata  of  gneiss  and  mica-slate  constitute  in  Europe  the  grand  metallic  domain. 
There  is  Ittrdly  any  kind  of  ore  which  does  not  occur  there  in  sufficient  abundance  to 
become  the  object  of  mining  operations,  and  many  are  found  nowhere  else.  The  tran 
aition  rocks,  and  the  lower  part  of  the  secondary'  ones,  are  not  so  rich,  neither  do  they 
contain  the  same  variety  of  ores.  But  this  order  of  things,  which  is  presented  by  Great 
Britain,  Germany,  France,  Sweden,  and  Norway,  is  far  from  forming  a  general  law ;  since 
in  equinoctial  America  the  gneiss  is  but  little  metalliferous ;  while  the  superior  strata, 
such  as  the  day-schists,  the  sicnitic  porphyries,  the  limestones,  which  complete  the  tran- 
sition series,  as  also  several  secondary-  deposites,  include  the  greater  portion  of  the  immense 
mineral  wealth  of  that  region  of  the  globe. 

All  the  substances  of  which  the  ordinary  metals  form  the  basis,  are  not  equally  abundant 
in  nature ;  a  great  proportion  of  the  numerous  mineral  species  which  figure  in  our  classi- 
fications, are  mere  varieties  scattered  up  and  down  in  the  cavities  of  the  great  masses  or 
lodes.  The  workable  ores  are  few  in  number,  being  mostly  sulphurets,  some  oxydes,  and 
carbonates.  These  occasionally  form  of  tliemselves  very  large  masses,  but  more  frequent- 
ly they  are  blertded  with  lumps  of  quartz,  feldspar,  and  carbonate  of  lime,  which  form  the 
main  body  of  the  deposite ;  as  happens  always  in  proper  lodes.  The  ores  in  that  case  are 
arranged  in  small  layers  parallel  to  the  strata  of  the  formation,  or  in  small  veins  which 
traverse  the  rock  in  all  directions,  or  in  nests  or  concretions  stationed  irregularly,  or 
finally  disseminated  in  hardly  visible  particles.  These  deposites  sometimes  contain  appa- 
rently only  one  species  of  ore,  sometimes  several,  which  must  be  mined  together,  as  they 
seem  to  be  of  contemporaneous  formation ;  whilst,  in  other  cases,  they  are  separable, 
haying  been  probably  formed  at  different  epochs.  In  treating  of  the  several  metals  in 
their  alphabetical  order,  I  have  taken  care  to  describe  their  peculiar  geological  positions. 
and  the  rocks  which  accompany  or  mineralize  them. 

In  mining,  as  in  architecture,  the  best  method  of  imparting  instruction  is  to  display 
the  master-pieces  of  the  respective  arts,  which  speak  clearly  to  the  mind  throui^h  the 
medium  of  the  eye.  It  is  not  so  easy,  however,  to  represent  at  once  the  general  efiect  of 
a  mine,  as  it  is  of  an  edifice ;  because  there  is  no  point  of  sight  from  which  the  former 
can  be  sketched  at  once,  like  the  latter.  The  subterraneous  structures  certainly  afford 
some  of  the  finest  examples  of  the  useful  labors  of  man,  continued  for  ages,  under  the 
guidance  of  science  and  ingenuity ;  but,  however  curious,  beautiful,  and  grand  in  them- 
selves, they  cannot  become  objects  of  a  panoramic  view.  It  is  only  by  the  lights  of  ge 
ometry  and  geology  that  mines  can  be  contemplated  and  surveyed,  either  as  a  whole  or  in 
their  details  j  and,  therefore,  these  marvellous  subterranean  regions,  in  which  EQ«da%x«  c»X 
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nuui;  hundred  iniles  long,  are  alloeelber  unknown  or  disireardnl  bf  men  of  the  wotU. 
Shoold  any  oC  them,  perctiance,  fiom  curiosily  or  interest,  dcBcenil  inlit  lliew  lUit 
rec«8seiof  (be  eulh,  thef  are  prepared  lo  ducoieronly  >  feir  iniuUled  objects  which  Ihff 
ms)'  tbinli  itran^  or  possibly  hideous ;  bul  tbey  nnoal  recognise  either  the  «}'inmetricil 
disposition  of  minergil  bodies,  or  the  laws  which  Rovem  geol^ical  phenoroeiia,  urf 
lene  bs  sure  guides  lo  (he  skilful  miner  ia  his  advealurous  search,  ll  b  by  exul 
plant  and  aections  of  subteriBdeoua  woikines,  that  n  knowledge  of  the  nature,  eltest, 
RkUd  distribution  of  miaenl  wealth  can  be  acquired. 


J  gcntrai  vita  of  mtninf  optraiiota. 


As  there  Is  no  country  in  the  world  go  truly  rich  and  powerfal,  by  virtue  Of  ft*  Bl 
■tores,  as  Great  Britain,  so  there  are  no  people  who  ou^ht  to  lake  a  deeper  jnlen 
their  scienlilie  illuslralion.  I  have  endeavored  In  the  present  article  to  cqIImI 
I  authentic  sources  the  most  inlercEling  and  insliuclIvE  eiumples  of  n 
operaiioQs. 

To  the  magnificent  work  of  ViUp-Fowe,  Sw  la  Hichexit  Mintralr,  no  longer  oi 
I  have  lo  acknowledge  weighty  oblij^ations  i  many  of  the  figures  being  ci  '  '  " 
great  Atlas. 

Lodes  or  mineral  veins  are  usaitlly  distingnisbcd  by  English  n 
species.  I.  Tbe  nke  vein.  S.  The  pipe  vein.  3.  The  Sat  or  dilated  rein;  and  i 
The  interlaced  mass  (tiock-werie),  indicnliag  the  union  of  a  mullilude  of  tmali  veiai 
mixed  in  every  possible  direction  with  each  other,  and  with  the  rock. 

1.  The  rata  vein  is  a  perpendicular  mineral  lisnure ;    end  is  the  form  best  IcnBVl 
among  pmclieal  miners.    It  eommonly  runs  in  a  straight  line,  beginning  at  ll 
fleies  of  the  ttraia,  and  cutting  Ibem  downwards,  generally  further  than  can  be 
This  vein  sometimen  etnnds  quite  perpend ic n Inr  {   but  it  more  usaally  laclloea  oi 
over  at  a  greater  or  smaller  angle,  or  slope,  which  is  called  by  the  miuers  Uie  i 
hading  o(  the  vein.    The  line  or  direction  in  which  the  fisHure  runs,  is  called  ths  U 
o/lkt  Bt!n. 

2.  The  pipe  vein  resembles  in  many  respects  a  huge  irrepilar  cavern,  pushiag  fd 
into  the  body  of  the  earlh  in  a  sloping  direction,  under  various  inclinations,  IV 
angle  of  a'few  degrees  lu  the  horizon,  to  a  dip  of  45°,  or  more.     The  pipe  doe*  B 
general  eut  the  strata  across  like  the  rake  vein,  but  insinuates  itself  between  It 
that  if  the  plane  of  the  strata  be  nearly  horizontal,  the  bearing  of  the  pipe  vein 
MOfDrinable;  but  if  the  strata  stand  up  at  a  high  angle,  the  pipe  shoots  down  ■ 
hosdlong  like  n  shaR.    Some  pipes  ari^very  wide  and  high,  others  a 
narrow,  sometimes  not  laJ^er  than  a  common  mine  or  drid- 

n.  Thtjlal  <ir  dilated  vein,  is  a  space  or  opening  between  ti 


Ae  ome  oT  wbieh  lies  abon,  and  the  other  below  thii  t 


,  like  a  stratum  of  A 
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between  its  roof  and  pavement ;  90  that  the  vein  and  the  strata  are  placed  in  the  same 
plane  of  inclination.  These  veins  are  subject,  like  coal,  to  be  interrupted,  broken,  and 
thrown  up  or  down  by  slips,  dikes,  or  other  interruptions  of  the  regular  strata.  In  the 
case  of  a  metallic  vein,  a  slip  oilen  increases  the  chance  of  finding  more  treasure.  Such 
▼eins  do  not  preserve  the  parallelism  of  their  beds,  characteristic  of  coal  seams ;  but 
▼ary  excessively  in  thickness  within  a  moderate  space.  Flat  vein;  occur  frequently  in 
limestone,  either  in  a  horizontal  or  declining  direction.  The  flat  or  strata  veins  oi)cn  and 
^lone^  as  the  rake  veins  also  do. 

4.  The  interlaced  mass  has  been  already  defin^ 

To  these  may  be  added  the  accnmulated  vein,  or  irregular  mass  (buizenicerke),  a  great 
^posite  placed  without  any  order  in  the  bosom  of  the  rocks,  apparently  filling  up  cavern- 
^qaspaees. 

The  interlaced  masses  are  more  frequent  in  primitive  formations,  tnan  m  the  others ; 
mud  tin  is  the  ore  which  most  commonly  afl*ects  this  locality.    See  figure  of  Tin*  mine. 

The  study  of  ^he  mineral  substances,  called  gangucs  or  vein-stones,  which  usually 
mecompany  the  ditfert^  ores,  is  indispensable  in  the  investigation  and  worUin<;  of  mines. 

h* 


e  ganguesj  such  m  quartz,  calcareous  spar,  fluor  spar,  heavy  spar,  &c..  and  a  great 
Biimber  of  other  substances,  although  of  little  or  no  value  in  themselves,  bfcomc  of  zreot 
coaseqaence  to  the  miner,  either  by  pointing  out  by  their  presence  tlmt  of  ccrlnin  useful 
miBeralSi  or  by  characterizing  in  their  several  associations,  dilfcrcnt  deposites  of  ores  of 
wbieh  it  may  be  possible  to  follow  the  traces,  and  to  discriminate  the  relations,  oAcn  cf  a 
•eonpUeated  kind,  provided  we  observe  assiduously  the  accompanying  ganguci. 

Mineral  veins  are  subject  to  derangements  in  their  course,  which  are  called  shifts  or 
Aiolfii.  Thns,  when  a  transverse  vein  throws  out,  or  intercepts,  a  longitudinal  one,  we 
mut  eommonly  look  for  the  rejected  vein  on  the  side  of  the  obtuse  angle  which  the 
direetkm  of  the  latter  makes  with  that  of  the  former.  When  a  bed  cf  ore  is  deranged 
Iqr  a  fiialt,  we  must  observe  whether  the  slip  of  the  strata  be  upwanis  or  downwards ;  for 
in  either  eircaiBStance,  it  is  only  by  pursuing  Uie  direction  of  the  fault  that  wc  can 
reeover  the  ore;  in  the  former  case  by  mounting,  in  the  latter  by  descending  beyond 
the  dislocation. 

When  two  veins  intersect  each  other,  the  direction  of  the  offcast  is  a  subject  vf  interest, 
tiotli  to  thfrminer  and  the  geologist.  In  Saxony  it  is  considered  as  a  iicneral  fact  that 
the  portiiHthrown  out  is  always  upon  the  side  of  the  obtuse  angle,  a  circumsiance  which 
holdfl  alsHn  Cornwall ;  and  the  more  obtuse  the  anele,  the  out-throw  is  tlie  more  con- 
siderable. A  vein  may  be  thrown  out  on  meeting  another  vein,  in  a  line  which  approaches 
cither  towards  its  inclination  or  its  direction.  The  Cornish  miners  use  two  different 
terms  to  denote  these  two  modes  of  rejection ;  for  the  first  case,  they  say  the  vein  ib 
Atamd  ,*  for  the  seeond,  it  is  started. 

The  great  copper  lode  of  Carharack,  dyfig,  699,  in  the  parish  of  Gwenap,  is  one  of  the 
099  most  instructive  examples  of  intersection.    The  power 

or  thickness  of  this  vein  i«<  8  feel ;  ils  direction  is 
nearly  due  east  and  west,  and  it  dips  towanls  the 
north  at  an  inclination  of  two  feet  per  frithom;  its 
upper  part  being  in  the  killus  a  urcenish  clay-slale) ; 
its  lower  part  in  the  «;ranilc.  The  h>de  has  sufFeretl 
two  intersections;  the  first  produced  by  meeting  the 
vein  h,  called  Steren^s  JIurkan,  which  runs  from  north- 
east to  south-west,  and  which  throws  the  lode 
several  fathoms  out ;  the  second  is  produc^l  by 
another  vein  t,  almost  at  right  angles  with  the  first,  and  which  occasions  another  out- 
throw  of  20  fathoms  to  the  right  side.  The  fall  of  the  vein  occurs  therefore  in  the  one 
case  to  the  right,  and  in  the  other  to  the  left ;  but  in  both  it  is  towards  the  side  of  the 
obtuse  angle.  This  distribution  is  very  singular;  for  one  part  of  the  vein  appears  to 
have  mounted  while  the  other  has* descended,  n.  s.  denotes  North  and  South,  d  is 
the  copper  lode  running  east  and  west.  A,  1,  ace  systt^ns  of  clay-slate  veins  called 
fluckans;  the  line  over  s,  represents  the  down  shiA,  and  d'  the  up-shift. 

General  dtmrvatixms  on  thejocalitiet  of  ores,  and  on  tht  \tidicaiions  of  metallic  mines, 

1.  Tin  exists  principally  in  primitive  rocks,  appearing  either  in  interlaced  masses,  in 
beds,  or  as  a  constituent  part  of  the  rock  itself,  and  more  rarely  in  distinct  veins.  Tin 
ore  is  fonnd  indeed  sometimes  in  alluvial  land,  filling  up  low  situations  between  lofty 
Bountains. 

2.  Gold  occurs  either  in  beds  or  in  veins,  fi-equently  in  primitive  rocks ;  though  in 
other  formations,  and  particularly  in  alluvial  eartli,  it  is  also  found.  When  this  metal 
exists  in  the  bosom  of  primitive  rocks,  it  is  particularly  in  schists ;  it  is  not  found  in  serpen- 
tiae^  but  it  is  met  with  in  graywacke  in  Transylvania.    The  gold  of  alluvial  districts. 
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called  gold  of  washing  or  transpoTt,  occurs,  as  well  as  alluvial  tin,  among  the  defatif  of 

the  more  ancient  rocks. 

3.  Silver  is  found  particularly  in  veins  and  beds,  in  primitive  and  transition  fonnalionf  | 
though  some  veins  of  this  metal  occur  in  secondary  strata.  The  rocks  richest  in  it  aif^ 
gneiss,  mica-slate,  clay-slate,  graywacke,  and  old  alpine  limestone.  Localities  of  silfW- 
ore  itself  are  not  numerous,  at  least  in  Europe,  among  secondary  formations;  bat  it 
occurs  in  combination  with  the  ores  of  copper  or  of  lead. 

4.  Copper  exists  in  the  three  mineral  epochas ;  1.  in  primitive  rocks,  principally  in  the 
state  of  pyritous  copper,  in  beds,  in  masses,  or  in  veins ;  2.  in  transition  districts,  sone* 
times  in  masses,  sometimes  in  veins  of  copper  pyrites ;  3.  in  secondary  strata,  espeeiillf 
in  beds  of  cupreous  schist. 

5.  Lead  occurs  also  in  each  of  the  three  mineral  epochas ;  aboonding  particalulf  k 
primitive  and  transition  grounds,  where  it  usually  constitutes  veins,  and  occasionally 
of  sulphnreted  lead  (galena).     The  same  ore  is  found  in  strata  or  in  veins 
secondary  rocks,  associated  now  and  then   with  ochreous  iron-ozyde  and 
(carbonate  of  zinc) ;  and  it  is  sometimes  disseminated  in  grains  through  more 
strata. 

6.  Iron  is  met  with  in  four  different  mineral  eras,  but  in  different  ores.    Among  primi- 
tive rocks,  magnetic  iron  ore  and  specular  iron  ore  occur  chiefly  in  beds,  sometimes  at 
enormous  size ;  the  ores  of  red  or  brown  oxyde  of  iron  (hematite)  are  found  generally  in 
veins,  or  occasionally  in  masses  with  sparry  iron,  both  in  primitive  and  transition  rodka; 
as  also  sometimes  in  secondary  strata ;  but  more  frequently  in  the  coal-measure  strata,  as 
beds  of  clay-ironstone,  of  globular  iron  oxyde,  and  carbonate  of  iron.    In  alluvial  distrietB 
we  find  ores  of  clay-ironaitone,  granular  iron-ore,  bog-ore,  swamp-ore,  and  meadow-oicii 
The  iron  ores  which  belong  to  the  primitive  period  have  almost  always  the  metallic 
with  a  richness  amounting  even  to  80  per  cent,  of  iron,  while  the  ores  In  the 
formations  become  in  general  more  and  more  earthy,  down  to  those  in  alluvial  soils, 
of  which  present  the  appearance  of  a  conimion  stone,  and  afford  not  more  than  80  per 
cent  of  metal,  though  its  quality  is  often  excellent. 

7.  Mercury  occurs  principally  among  secondary  strata,  in  disseminated  masses,  aloag 
with  combustible  substances;  though  the  metal  is  met  with  occasionally  in  primitivtt 
countries.  ^^ 

8.  CobaU  belongs  to  the  three  mineral  epochas ;  its  most  abundant  deposlflfewe  veiiA 
in  primitive  rocks ;  small  veins  containing  this  metal  are  found,  however,  iSiecondtt^ 
strata. 

9.  Antimony  occurs  in  veins  or  beds  among  primitive  and  transition  rocks. 

10.  11.  Bismuth  and  nickel  do  not  appear  to  constitute  the  predominating  substaaes 
of  any  mineral  deposites ;  but  they  often  accompany  cobalt. 

12.  Zinc  occurs  in  the  three  several  formations :  namely,  as  sulphuret  or  blende,  paitio> 
ularly  in  primitive  and  transition  rocks ;  as  calamine,  in  secondary  strata,  usually  along 
with  oxyde  of  iron,  and  sometimes  with  sulphuret  of  lead. 

An  acquaintance  with  the  general  results  collected  and  classified  by  geology  most  be 
our  first  guide  in  the  investigation  of  mines.  This  enables  the  observer  to  jod^  whether 
any  particular  district  should,  from  th**  nature  and  arrangement  of  its  rocks,  he  suseepCi- 
ble  of  including  within  its  biosom,  beds  of  workable  ores ;  it  indicates  also,  to  a  certain 
degree,  what  substances  may  probably  be  met  with  in  a  given  series  of  rocks,  and  what 
locality  these  siibstances  will  preferably  affect.  For  want  of  a  knowledge  of  these  facts, 
many  persons  have  gone  blindly  into  researches  equally  absurd  and  ruinous. 

Formerly,  indications  of  mines  were  taken  from  very  unimportant  circumstances; 
firom  thermal  waters,  the  heat  of  which  was  gratuitously  referred  to  the  decomposition  of 
pyrites ;  from  mineral  waters,  whose  course  is  however  often  from  a  far  distant  source ; 
from  vapors  incumbent  over  particular  mountain  groups ;  from  the  snows  melting  faster 
in  one  mineral  district  than  another ;  from  the  different  species  of  forest  trees,  and  from 
the  greater  or  less  vigor  of  vegetation,  &c.  In  general,  all  such  indications  are  equally 
fallacious  with  the  divining  rod,  and  the  compass  maae  of  a  lump  of  pyrites  suspended  by 
a  thread. 

Geo^nostic  observation  has  substituted  more  rational  characters  of  metallic  deposites^ 
some  of  which  may  be  called  negative  and  others  positive. 

The  negative  indications  are  derived  from  that  peculiar  geological  constitution,  which 
from  experience  or  general  principles  excludes  certain  metallic  matters;  for  example^ 
granite,  and  in  general  every  primitive  formation,  forbids  the  hope  of  finding  within  them 
combustible  fossils  (pit-coal,)  unless  it  be  beds  of  anthracite ;  there  also  it  would  be  vam 
to  seek  for  sal  gem.  It  is  very  seldom  that  granite  rocks  include  silver ;  or  limestonesi 
ores  of  tin.  Volcanic  territories  never  afford  any  metallic  ores  worth  the  working ;  nor 
do  extensive  veins  usually  run  into  secondary  and  alluvial  formations.  The  richer  ores 
of  iron  do  not  occur  in  secondary  strata ;  and  the  ores  of  this  metal  peculiar  to  <hftf 
localiliest,  do  not  exist  among  primary  rocks. 
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Among  poaiHv€  indications,  some  are  proximate  and  others  remote.  The  proximate 
IR^ in  ^orescenee,  so  to  speak,  of  the  subjacent  metaUic  masses;  magnetic  attraction 
Arm  ores ;  bituminous  stone,  or  inflammable  gas  for  pit-coal ;  the  frequent  occurrence 
•f  fitfmeats  of  particular  ores,  &.C.  The  remote  indications  consist  in  the  geological 
cyodtt,  and  nature  of  the  rocks.  From  the  examples  previously  adduced,  marks  of 
tiiikiBd  acquire  new  importance  when  in  a  district  susceptible  of  including  deposites  of 
iNrinUe  ores,  the  gangiu$  or  vein-stones  are  met  with  which  usually  accompany  any 
futiealar  metaL  Tlie  general  aspect  of  mountains  whose  flanks  present  gentle  and 
eoilinoas  slopes,  the  frequency  of  sterile  veins,  the  presence  of  metalliferous  sands,  the 
■Bghborhood  of  some  known  locality  of  an  ore,  for  instance,  t^t  of  iron-stone  in 
nfaeaee  to  coal,  lastly,  the  existence  of  salt  springs  and  mineral  waters,  may  furnish 
■■e  iadications ;  but  when  ferruginous  or  cupreous  waters  issue  from  sands  or  days, 
nek  dtaraeten  merit  in  general  little  attention,  because  the  waters  may  flow  from  a  great 
No  greater  importance  can  be  attached  to  metalliferous  sands  and  Valine 


h  speakini?  of  remote  indications,  we  may  remark  that  in  several  places,  and  partic- 
ihriy  near  Claosthal  in  the  Hartz,  a  certain  ore  of  red  oxyde  of  iron  occurs  above  the 
Mit  abundant  deposites  of  the  ores  of  lead  and  silver ;  whence  it  has  been  named  by 
tke  Germans  the  iron^at.  It  appears  that  the  iron  ore  rich  in  silver,  which  is  worked 
it  Aaerica  under  the  name  of  pacosy  has  some  analogy  with  this  substance ;  but  iron  ore 
ii  ii  general  so  plentifully  diffused  on  the  surface  of  the  soil,  that  its  presence  can  be  re- 
guM  as  only  a  remote  indication,  relative  to  other  mineral  substances,  except  in  the 
me  of  day  iron-stone  with  coal. 

Of  Ac  vuirumiiUs  and  operations  of  subterranean  operations.— It  is  by  the  aid  of  ge- 
Miy  in  the  first  i^aee  that  the  miner  studies  the  situation  of  the  mineral  deposites,  on 
the  loiiaee  and  in  the  interior  of  the  ground ;  determines  the  several  relations  of  the 
von  and  the  rocks ;  and  becomes  capable  of  directing  the  perforations  towards  a  suitable 
mi 

Tke  iastminents  are,  1.  the  magnetic  compass,  which  is  employed  to  measure  the 
iiraetkNi  of  a  metaUic  ore,  wherever  the  neighborhood  of  iron  does  not  interfere  with  its 
fnecions ;  2.  the  graduated  semi-cirde,  which  serves  to  measure  the  inclination,  which  is 
lb  called  ttj^  clinometer. 

n  The  cHIb  or  cord  for  measuring  the  distance  of  one  point  from  another. 
^1  WhenSe  neighborhood  of  iron  renders  the  use  of  the  magnet  uncertain,  a  plate  or 
plue  table  is  employed. 

Tbe  dials  of  the  oompasses  generally  used  in  the  most  celebrated  mines,  are  graduated 
iM» hoars;  most  commonly  into  twice  12  hours.  Thus  the  whole  limb  is  divided  into 
U  ipaees,  each  of  which  contains  15^  =  1  hour.  Each  hour  is  subdivided  into  8 
nrti. 


JTioaf  offeuhuting  into  the  interior  of  the  earth. — In  order  to  penetrate  into  the  mte- 

nor  of  the  earth,  and  to  extract  from  it  the  objects  of  his  toils,  the  miner  has  at  his  dis- 

pmi  sefcral  means,  which  may  be  divided  into  three  classes;  1.  manual  tooUy  2.  gim- 

fMriir,  and  3.  >lrc. 

The  tools  used  by  the  miners  of  Cornwall  and  Devonshire  are  the  following : 

^.  700.  The  jiidc    It  is  a  light  tool,  and  somewhat  varied  ii^ shape  according  to  dx^ 
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One  side  used  as  a  hammer  is  called  the  poU^  and  is  employed  to  dnTe  in 
Ihe  ffdi,  or  to  kiosen  and  detach  prominences.  The  point  is  of  steel,  carefully  temperedy 
^  diiwB  nader  the  hammer  to  the  proper  form.    The  French  call  it  pointerolk. 
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Fig.  701.  The  gad.    It  is  ft  wedflfe  of  steel,  driven  into  creviees  of  rocks,  or  into 
openings  made  with  the  point  of  the  pick. 

Fig.  702.  The  miner's  thavel.    It  has  a  pointed  form,  to  enable  it  to  penetrate 
the  coarse  and  hard  fragments  of  the  mine  mbbish.    Its  handle  being  somewhat  beat,  a 
man's  power  may  be  conveniently  applied  without  bending  his  body. 

The  bUuting  or  footing  tools  are : — 

A  sledge  or  maUet        .....  yig.  703. 

Borer —704. 

Claying  bar         -        -        -        -        -        -  —705. 

Needle  or  nail —706. 

Scraper — 707. 

Tamping  bar —  708. 

Besides  these  tools  the  miner  requires  a  powder-horn,  rushes  to  be  filled  with  gimpinr- 
der,  tin  cartridsres  for  occasional  use  in  wet  ground,  and  paper  rubbed  over  with  gnnpov- 
der  or  grease,  for  the  smi/ts  or  fuses. 

The  6or«r,  fig.  704,  is  an  iron  bar  tipped  with  steel,  formed  like  a  thick  chisel^  aii 
is  used  by  one  man  holding  it  straight  in  the  hole  with  constant  rotation  on  its  axis,  whSk 
another  strikes  the  head  of  it  with  the  iron  sledge  or  mallet,  ^g.  703.  The  hole  ia  cleared 
out  from  time  to  time  by  the  scraper,  ,/!g.  707,  which  is  a  flat  iron  rod  turned  up  at  one 
end.  If  the  ground  be  very  wet,  and  the  hole  gets  full  of  mud,  it  is  cleaned  out  by  a  stidt 
bent  at  the  end  into  a  fibrous  brush,  called  a  iwabstick. 

Fig.  709  represents  the  plan  of  blasting  the  rock,  and  a  section  of  a  hole  ready  for 

firing.  The  hole  must  be  rendered  as 
dry  as  possible,  which  is  efieeted  veiy 
simply  by  filling  it  partly  with  tenaci- 
ous clay,  and  then  driving  into  it  a 
tapering  iron  rod,  which  nearly  fills  its 
calibre,  called  the  claying  bar.  This 
being  forced  in  with  great  violeBce, 
condenses  the  clay  into  all  the  ereviees 
of  the  rock,  and  secures  ttt  dryness  of 
the  hole.  Should  this  |ilan  fai!,  re- 
course is  had  to  tin  cartridges  fnniish- 
ed  with  a  stem  or  tube,  (see  Jig.  7I(V) 
through  which  the  powder  may  be  in- 

flamed.     When  the   hole  is  dry,  sod 

the  charge  of  powder  introduced,  the  nail,  a  small  taper  rod  of  copper,  is  inserted  to  as 
to  reach  the  bottom  of  the  hole,  which  is  now  ready  for  tamping.  By  this  diflScnlt  tad 
dangerous  pr^ess,  the  gunpowder  is  confined,  and  the  disruptive  dSeet  psodnesd. 
Diflierent  substances  are  employed  for  iampingy  or  cramming  the  hole,  the  moat  QfBid 
one  being  any  soft  species  of  rock  free  from  silicious  or  flinty  partidei.  fitamll  qptai- 
tities  of  it  only  are  introduced  at  a  time,  and  rammed  very  hard  by  the  tmmpingkary 
which  is  held  steadilj^by  one  man,  and  struck  with  a  sledge  by  another.  Tke  kole 
being  thus  filled,  the  nail  is  withdrawn  by  putting  a  bar  through  its  eye,  and  strikiBg 
it  upwards.  Thus  a  small  perforation  or  vent  is  left  for  the  rush  which  oomnnuiieatfi 
the  fire. 

Besides  the  improved  tamping-bar  faced  with  hard  copper,  other  contrivances  have 
been  resorted  to  for  diminishing  the  risk  of  those  dreadful  accidents  that  frequently  oeevr 
in  this  operation.  Dry  sand  is  sometimes  used  as  a  tamping  material,  but  there  are  msay 
rocks  for  the  blasting  of  which  it  is  inefliective.  Tough  clay  will  answer  better  in  serenl 
situations. 

For  conveying  the  fire,  the  large  and  long  green  rushes  which  grow  in  manhy 
ground  are  selected.  A  slit  is  made  in  one  side  of  the  rush,  along  which  the  sharp 
end  of  a  bit  of  stick  is  drawn,  so  as  to  extract  the  pith,  when  the  skin  of  the  rush  dosei 
again  by  its  own  elasticity.  This  tube  is  filled  up  with  gunpowder,  dropped  into  the 
vent-hole,  and  made  steady  with  a  bit  of  clay.  A  paper  smift,  adjusted  to  burn  a  proper 
time,  is  then  fixed  to  the  top  of  the  rush-tube,  and  kindled,  when  the  men  of  the  mine  re- 
tire to  a  safe  distance. 

In  fig.  709  the  portion  of  the  rock  which  would  be  dislodged  by  the  explosion,  ii 
that  included  between  a  and  b.  The  charge  of  powder  is  represented  by  the  white  part 
which  fills  the  hole  up  to  c ;  from  which  point  to  the  top,  the  hole  is  filled  with  faaifmif . 
The  smift  is  shown  at  d. 

Fig,  711  is  an  iron  bucket,  or  as  it  is  called  in  Cornwall,  a  kibble,  in  which  the  on 
If  raised  in  the  shafls,  by  machines  called  vohimt,  worked  by  horses.    The  best  kfbUei 


X  kandred  weigbt  of  ore : 


I  lepresenU  Mr.  Taylor't  ingeDions  Tcnlilator,  or  nmchine  for  renevinic  IVnli 
it.  It  is  BO  simple  in  construclion,  40  complete  in  ila  operaljon,  reqnim  so 
r  to  iToric  il,  and  is  to  little  liable  (o  iDJnrj  fl^m  vear,  that  nothing  Turttier 
1  can  be  deilrnl  in  aidinsry  metallic  mines.  The  shan  of  the  mine  is  repre- 
.;  al  either  the  lop  or  bottom  of  which  the  machine  may  be  placed,  a*  it 
;  eoDTenient,  bat  the  raal  air  muM  be  discharged  into  a  floor,  furnished  with 
or  to  prevent  its  return  into  the  mine.  »  is  tbe  air-pipe  from  the  mine,  pau- 
h  the  botlom  of  the  fixed  vessel  or  cylinder  c,  which  is  formed  of  limber,  and 
I  iron  hoops.  It  is  filled  with  water  nearly  to  the  top  of  the  pipe  b,  on  whtali 
wire  opening  upwards  at  c.  i,  the  air,  or  eibausting  cylinder  of  cast-inm, 
tlom,  and  suspended  over  the  air-pipe,  bat  immersed  some  way  in  the  water. 
Itcd  with  ■  wiwden  top,  having  an  aperture  fitted  wilk  a  ralve  likewise  open- 
b  al  F.  This  exhausting  cylinder  is  moTrd  up  and  dawn  by  the  bcb,  a,  brought 
lion  with  any  engine,  by  the  horiionial  rod  H ;  the  weight  of  the  cylinder 
need,  if  necessary,  by  the  counterpoise  1.  The  action  ii  as  follows :  —  When 
T  rises,  the  air  from  the  mine  rushes  up  through  the  pipe  and  valve  n ;  and 
teends,  this  valve  abuts,  and  prevents  the  retom  of  the  air,  which  is  eipellod 
e  valve  f.  With  a  cylinder  two  feel  in  diameter  and  six  feet  long,  working 
to  three  strokes  per  minute,  200  gallons  of  air  nuy  be  dischai^ed  in  the 

der  is  the  most  valuable  agent  oT  ei 
ad  which  can  act  everywhere,  erei 
real  revolution  in  Ihc  mining  art. 
)k)]red  in  mines  in  different  manners,  and  in  different  quantities,  according  (o 
«n.  In  all  cases,  however,  the  process  resolves  itself  into  boring  a  hole,  and 
I  cartridge  in  it,  which  is  aHerwards  made  to  explode.  The  hole  is  always 
,  and  is  usually  made  by  means  of  the  bore[,Jlg.  704,  a  stem  of  iron,  termi- 
blonl-edged  chisel,  ll  sometinie*  ends  in  a  cross,  farmed  by  two  chisels  Mt 
J.  The  workman  holds  ihe  stem  in  his  leA  hand,  and  strikes  it  with  an  iroa 
I  in  his  right.  He  is  careful  to  turn  Ihe  punch  a  very  Ultle  round  al  ererr 
■reral  punches  are  employed  in  succession,  to  bore  one  hole  ;  Ihe  first  shoitel^ 
■nea  longer,  and  somewhat  thinner.  The  rubbish  is  withdrawn  aa  it  aeenmn- 
M  bottom  of  the  hole,  by  means  of  a  picker,  which  is  a  small  spoon  or  dtK 
•d  at  tbe  end  of  a  slender  iron  rod.    When  holes  of  *  large  km  are  to  1«a 


844 


iKi:-: 


made,  several  men  must  be  employed ;  one  to  hold  the  poneh,  and  one  or  more  to  widi 
the  iron  mallet.  The  perforations  are  seldom  less  than  an  inch  in  diameter,  and  18  incitai 
deep ;  but  they  are  sometimes  two  inches  wide,  with  a  depth  of  50  inches. 

The  gunpowder,  when  used,  is  most  commonly  put  up  in  paper  cartridges.  Into  Ike 
side  of  the  cartridge,  a  small  cylindrical  spindle  or  pUrcer  is  pushed.  In  this  state  tht 
cartridge  is  forced  down  to  the  bottom  of  the  hole,  which  is  then  stuffed,  by  means  of  tht 
tamping  bar,  fig,  708,  with  bits  of  dry  clay,  or  friable  stones  coarsely  poiinded.*  He 
piercer  is  now  withdrawn,  which  leaves  in  its  place  a  channel  through  which  6n  may  It 
conveyed  to  the  charge.  This  is  executed  either  by  pouring  gunpowder  into  that  pasngc^ 
or  by  inserting  into  it  reeds,  straw  stems,  quills,  or  tubes  of  paper  filled  with  gunpowder. 
This  is  exploded  by  a  long  match,  which  the  workmen  kindle,  and  then  retire  to  a  pbee 
of  safety. 

As  the  piercer  must  not  only  be  slender,  but  stiff,  so  as  to  be  easily  withdrawn  whet 
the  hole  is  tamped,  iron  spindles  are  usually  employed,  though  they  occasionally  give 
rise  to  sparks,  and  consequently  to  dangerous  accidents,  by  their  friction  against  the  siki 
of  the  hole.  Brass  piercers  have  been  sometimes  tried ;  but  they  twist  and  break  IM 
readily. 

Each  hole  bored  in  a  mine,  should  be  so  placed  in  reference  to  the  schistose  stiudaii 
of  the  rock,  and  to  its  natural  fissures,  as  to  attack  and  blow  up  the  least  resisting  maseefc 
Sometimes  the  rock  is  prepared  beforehand  for  splitting  in  a  certain  direction^  by  mean 
of  a  narrow  channel  excavated  with  the  small  hammer. 

The  quantity  of  gunpowder  should  be  proportional  to  the  depth  of  the  hole,  and  the  re* 
sistance  of  the  rock,  and  merely  sufficient  to  split  it.  Anj-thing  additional  would  serve  ao 
other  purpose  than  to  throw  the  fragments  about  the  mine,  without  increasing  the  nsefU 
effect.  Into  the  holes  of  about  an  inch  and  a  quarter  diameter,  and  18  inches  deep,  only  tvo 
ounces  of  gunpowder  are  put. 

It  appears  that  the  effect  of  the  gunpowder  may  be  augmented  by  leaving  an  empty 
space  above,  in  the  middle  of,  or  beneath  the  cartridge.  In  the  mines  of  Silesiay  the  con- 
sumption of  gunpowder  has  been  eventually  reduced,  without  diminishing  the  pro- 
duct of  the  blasts,  by  mixing  sawdust  with  it,  in  certain  proportions.  The  hole  has  also  bed 
filled  up  with  sand  in  some  cases,  according  to  Mr.  Jessop's  plan,  instead  of  beiag 
packed  with  stones,  which  has  removed  the  danger  of  the  tamping  operation.  The  e>> 
periments  made  in  this  way  have  given  results  very  advantageous  in  quarry  blaifii 
with  great  charges  of  gunpowder ;  but  less  favorable  in  the  small  charges  em^oyel 
in  mines. 

Water  does  not  oppose  an  insurmountable  obstacle  to  the  employment  of  gunpowder; 
but  when  the  hole  cannot  be  made  dry,  a  cartridge  bag  impermeable  to  water  most  be  had 
recourse  to,  provided  with  a  tube  also  impermeable,  in  which  the  piercer  is  placed. 

AAer  the  explosion  of  each  mining  charge,  wedges  and  levers  are  employed,  to  dng 
away  and  break  down  what  has  been  shattered. 

Wherever  the  rock  is  tolerably  hard,  the  use  of  gunpowder  is  more  economieal  aai 
more  rapid  than  any  tool-work,  and  is  therefore  always  preferred.  A  gallery,  fir 
example,  a  yard  and  a  half  high,  and  a  yard  wide,  the  piercing  of  which  by  the  !»■»"■*•■■ 
formerly  cost  from  five  to  ten  pounds  sterling  the  running  yard,  in  Gennany,  il 
executed  at  the  present  day  by  gunpowder  at  from  two  to  three  pounds.  When,  Iwv- 
ever,  a  precious  mass  or  ore  is  to  be  detached,  when  the  rock  is  cavernous,  whi^  nearly 
nullifies  the  action  of  gunpowder,  or  when  there  is  reason  to  apprehend  that  the  shoek 
caused  by  the  explosion  may  produce  an  injurious  fall  of  rubbish,  hand-tools  alone  moit 
he  employed. 

In  certain  rocks  and  ores  of  extreme  hardness,  the  use  both  of  tools  and  gunpowder 
becomes  very  tedious  and  costly.  Examples  to  this  effect  are  seen,  in  the  mass  cf 
quartz  mingled  with  copper  pyrites,  worked  at  Rammelsberg,  in  the  Harts,  in  die 
masses  of  stanniferous  granite  of  Geyer  and  Altenberg  in  the  Erzgebirge  of  Saxony, 
8lc.  In  these  circumstances,  fortunately  very  rare,  the  action  of  fire  is  nsed  with 
advantage  to  diminish  the  cohesion  of  the  rocks  and  the  ores.  The  employment  of  tUi 
agent  is  not  necessarily  restricted  to  these  difficult  cases.  It  was  formerly  api^ed  tetf 
often  to  the  working  of  hard  substances ;  but  the  introduction  of  gunpowder  into  the 
mining  art,  and  the  increase  in  the  price  of  wood,  occasion  fire  to  be  little  used  as  aa 
ordinary  means  of  excavation,  except  in  places  where  the  scantiness  of  the  ponlation  has 


*  Sir  Rose  Price  invented  a  cap  of  bronze  alloy,  to  tip  the  lower  end  of  the  inm  rod ;  a 

BOW  generally  used  in  Comwall.    Before  the  Geological  Societpr  of  that  county  introduced  this 

Into  practice,  acarcrly  a  month  elapsed  without  some  drcadfal  explosion  sending  the  minn  to  an  ve 
timely  gravef  or  so  injuring  him  by  blowing  out  his  eyes,  or  shattering  his  limbs,  as  to  nadmt  him  a 
miserabto  object  of  charitjr  for  the  rest  of  his  days.  Scarcely  has  any  accident  happened  sinoe  tht  oi- 
ployment  of  the  new  tamping-bar.  When  the  whole  bar  was  made  of  the  tin  and  copper  alloy  it 
jwnsiTe,  and  apt  to  bend  :  but  the  iron  rod  tipped  with  the  bronze  is  both  cheap  an^  eiToctual.  An  i: 
mstrument,  called  the  shifting  cartridge,  was  invented  1^  Mr  Chtnalls,  and  is  described  in  the  "^ 
«ith0  aboff  Bodetj, 
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great  extent  of  forest  timber,  as  happens  at  Kongsberg  in  Norway,  at  Dannemora 
eden,  at  Felsobanya  in  Transylvania,  &c. 

5  action  of  fire  may  be  applied  to  the  piercing  of  a  gallery,  or  to  the  adrancement 
horizontal  cut,  or  to  the  crumbling  down  of  a  mass  of  ore,  by  the  successive 
ling  of  the  roof  of  a  gallery  already  pierced.  In  any  of  these  cases,  the  process 
tta  in  forming  bonfires,  the  flame  of  which  is  made  to  play  upon  the  parts  to  be 
ltd.  All  the  workmen  must  be  removed  from  the  mine,  during,  and  even  for 
time  aAer,  the  combustion.  When  the  excavations  have  become  sufficiently  cool 
yw  them  to  enter,  they  break  down  with  levers  and  wedges,  or  even  by  means  of 
fwder,  the  masses  which  have  been  rent  and  altered  by  the  fire, 
eomplete  our  account  of  the  manner  in  which  man  may  penetrate  into  the  interior 
i  earth,  we  must  point  out  the  form  of  the  excavations  that  he  should  make  in  it. 
mines,  three  principal  species  of  excavations  may  be  distinguished ;  viz.,  shafts, 
lit,  and  the  cavities  of  greater  or  less  magnitude  which  remain  in  the  room  of  the 
orkings. 

kaft  or  jn/  is  a  prismatic  or  cylindrical  hollow  space,  the  axis  of  which  is  either 
al  or  much  inclined  to  the  horizon.  The  dimension  of  the  pit,  which  is  never  less 
n  inches  in  its  narrowest  diameter,  amounts  sometimes  to  several  yards.  Its  depth 
attend  to  1000  feet,  and  more.  Whenei'er  a  shaft  is  opened,  means  must  be  pro- 
to  extract  the  rubbish  which  continually  tends  to  accumulate  at  its  bottom,  as  well 
e  waters  which  may  percolate  down  into  it ;  as  also  to  facilitate  the  descent  and 
t  of  the  workmen.  For  some  time  a  wheel  and  axle  erected  over  the  mouth  of  the 
Bg,  which  serve  to  elevate  one  or  two  buckets  of  proper  dimensions,  may  be  suffi- 
fyr  most  of  these  purposes.  But  such  a  machine  becomes  ere  long  inadequate, 
wwfaims,  or  powerful  steam-engines,  must  then  be  had  recourse  to ;  and  effectual 
ds  of  support  must  be  employed  to  prevent  the  sides  of  the  shaft  from  crumbling 
dllng  down. 

IkUlery  is  a  prismatic  space,  the  straight  or  winding  axis  of  which  does  not  usually 
je  much  from  the  horizontal  line.  Two  principal  species  are  distinguished ;  the 
ies  of  elongation,  which  follow  the  direction  of  a  bed  or  a  vein ;  and  the  transverse 
ies,  which  intersect  this  direction  under  an  angle  not  much  different  from  90^. 
noot  ordinary  dimensions  of  galleries  are  a  yard  wide,  and  two  yards  high ;  but 
ftill  larger  may  be  seen  traversing  thick  depositcs  of  ore.  There  are  few  whose 
is  less  than  24  inches,  and  height  less  than  40 ;  such  small  drifts  serve  merely  as 
nmry  expedients  in  workings.  Some  galleries  are  several  leagues  in  length.  We 
describe  in  the  sequel  the  means  which  are  for  the  most  part  necessary  to  support 
oof  and  the  walls.  The  rubbish  is  removed  by  wagons  or  wheelbarrows  of 
IS  kinds.    See  fig,  712. 

» impossible  to  advance  the  boring  of  a  shaft  or  gallery  beyond  a  certain  rate,  because 
I  limited  set  of  workmen  can  be  made  to  bear  upon  it.  There  are  some  galleries 
i  have  taken  more  than  30  years  to  perforate.  The  only  expedient  for  accelerating 
Ivance  of  a  gallery,  is  to  commence,  at  several  points  of  the  line  to  be  pursued, 
ns  of  galleries  which  may  be  joined  together  on  their  completion. 
tether  tools  or  gunpowder  be  used  in  making  the  excavations,  they  should  be  so 
>d  as  to  render  the  labor  as  easy  and  quick  as  possible,  by  disengaging  the  mass 
*  the  rock  at  two  or  three  of  its  faces.  The  effect  of  gunpowder,  wedges,  or  picks, 
o  much  more  powerful.  The  greater  the  excavation,  the  more  important  is  it  to 
re  this  rule.  With  this  intent,  the  working  is  disposed  in  the  form  of  steps, 
ins),  placed  like  those  of  a  stair ;  each  step  being  removed  in  successive  portions, 
hole  of  which,  except  the  last,  are  disengaged  on  three  sides,  at  the  instant  of  their 
attacked. 

e  substances  to  be  mined  occur  in  the  bosom  of  the  earth,  under  the  form  of 
al  depoeites,  beds,  pipe-veins,  or  masses,  threads  or  small  veins,  and  rake-veins. 
im  the  existence  of  a  deposite  of  ore  is  merely  suspected,  without  positive  proofs, 
ne  must  be  had  to  labors  of  research,  in  order  to  ascertain  the  richness,  nature, 
tqweition  of  a  supposed  mine.  These  are  divided  into  three  kinds ;  open  workings, 
rmnean  workings,  and  boring  operations. 

The  working  by  an  open  trench,  has  for  its  object  to  discover  the  outcropping  or 
t  edges  of  strata  or  veins.  It  consists  in  opening  a  fosse  of  greater  or  less  width, 
I,  after  removing  the  vegetable  mould,  the  alluvial  deposites,  and  the  matters  dis- 
fiated  by  the  atmosphere,  discloses  the  native  rpcks,  and  enables  us  to  distinguish 
ids  which  are  interposed,  as  well  as  the  veins  that  traverse  them.  The  trench  ought 
«  to  be  opened  in  a  direction  perpendicular  to  the  line  of  the  supposed  deposite. 
mode  of  investigation  costs  little,  but  it  seldom  gives  much  insight.  It  is  chiefly 
ifed  for  verifying  the  existence  of  a  supposed  bed  or  vein. 

B  nbterranean  workings  afibrd  much  more  satisfactory  knowledge.  They  are 
led  by  different  kinds  of  perforations ;  viz.,  by  longitudinal  galleries  hollowed  out 
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of  the  mass  of  the  beds  or  yeins  themselves,  in  foDowuig  their  eoorae ;  hy 
gaiUrUSf  pushed  at  right  angles  to  the  direction  of  the  veins ;  by  tadtneti  thaftM^ 
pvsue  the  slope  of  the  deposites,  and  are  excavated  in  their  massj  or,  lastly,  by 
dieular  piU, 

If  a  vein  or  bed  unveils  itself  on  the  flank  of  a  mountain,  it  may  be  explored, 
to  the  greater  or  less  slope  of  its  inclination,  either  by  a  longitiidinal  gallery 
its  mass,  from  the  outcropping  surface,  or  by  a  transverse  gallery  falling  upon  it  in  a 
tain  point,  from  which  either  an  oblong  gallery  or  a  sloping  shah  may  be  opened. 

If  our  object  be  to  reconnoitre  a  highly  inclined  stratum,  or  a  vein  in  a  level  oonalr^ 
we  shall  obtain  it  with  sufficient  precision,  by  means  of  shafts,  8  or  10  yards  deem  ^ 
at  30  yards  distance  from  one  another ;  excavated  in  the  mass  of  ore,  in  the  directkin  of 
its  deposite.  If  the  bed  is  not  very  much  inclined,  only  45^,  for  example,  vertieal  sMb 
must  be  opened  in  the  direction  of  its  roof,  or  of  the  supeijacent  rocky  stratnn,  lad 
galleries  must  be  driven  from  the  points  in  which  they  meet  the  ore,  in  the  line  of  jk 
direction. 

When  the  rocks  which  cover  valuable  minerals  are  not  of  very  great  hardmi^  ai 
happens  generally  with  the  coal  formation,  with  pyritous  and  aluminous  slates,  sal  fa, 
and  some  other  minerals  of  the  secondary  strata,  the  6orer  is  employed  with  advantage  to 
ascertain  their  nature.  This  mode  of  investigation  is  economi^^  and  gives,  in  wtA 
cases,  a  tolerably  exact  insight  into  the  riches  of  the  interior.  '■Hnietliod  of  using  tbi 
borer  has  been  described  under  Astesian  Wklls.  ^ 

OF  MINING  IN  PARTICULAn. 

The  mode  of  working  mines  is  two-fold ;  by  open  excavatioiu,  and  mbterranunu 

Workings  in  the  open  air  present  few  difficulties,  and  occasion  little  expense^  onlen 
when  pushed  to  a  great  depth.  They  are  always  preferred  for  working  deposites  litde 
distant  from  the  surface;  where,  in  fact,  other  methods  cannot  be  resorted  to,  if  the 
substance  to  be  raised  be  covered  with  incoherent  matters.  The  only  rules  to  be 
observed  are,  to  arrange  the  workings  in  terraces,  so  as  to  facilitate  the  cutting  down  of 
the  earth ;  to  transport  the  ores  and  the  rubbish  to  their  destination  at  the  least  possible 
expense ;  and  to  guard  against  the  crumbling  down  of  the  sides.  With  the  latter  view, 
they  ought  to  have  a  suitable  slope,  or  to  be  propped  by  timbers  whenever  they  are  not 
quite  solid. 

Open  v)orking$  are  employed  for  valuble  clays,  sands,  as  also  for  the  alluvtal  soils  of 
diamonds,  gold,  and  oxyde  of  tin,  bog  iron  ores,  &c.,  limestones,  gypsums,  building  stone^ ' 
roofing  slates,  masses  of  rock  salt  in  some  situations,  and  certain  deposites  of  ores,partie- 
nlarly  the  specular  iron  of  the  island  of  £lba ;  the  masses  of  stanniferous  granite  of 
Gayer,  Mtenberg,  and  Seyffen,  in  the  Ertzgeberge,  a  chain  of  mountains  between  Saxony 
and  Bohemia ;  the  thick  veins  or  masses  of  black  oxyde  of  iron  of  Nordmarch,  Dano^ 
mora,  &c.,  in  Sweden ;  the  mass  of  cupreous  pyrites  of  Rseraas,  near  Drontheim  is 
Norway ;  several  mines  of  iron,  copper,  and  gold  in  the  Und  mountains,  Ate. 

Subterranean  workingt  may  be  conveniently  divided  into  five  classes,  viz.  h— 

1.  Veins,  or  beds,  much  inclined  to  the  horizon,  having  a  thickness  of  at  least  tiro 
yards. 

2.  Beds  of  slight. inclination,  or  nearly  horizontal,  the  power  or  thickness  of  which 
does  not  exceed  two  yards. 

3.  Beds  of  great  thickness,  but  slightly  inclined. 

4.  Veins,  or  beds  highly  inclined,  of  great  thickness. 

6.  Masses  of  considerable  magnitude  in  all  Ihcir  dimensions. 

Subterranean  mining  requires  two  very  distinct  classes  of  workings;  the  pnpanttnjt 
and  those  for  extraction. 

The  preparatory  consist  in  galleries,  or  in  pits  and  galleries  destined  to  eondnct  the 
miner  to  the  point  most  proper  for  attacking  the  deposiie  of  ore,  for  tracing  it  aU  roaid 
this  point,  for  preparing  chambers  of  excavation,  and  for  concerting  neasures  with  a 
view  to  the  circulation  oJT  air,  the  dischan;e  of  waters,  and  the  transport  of  the  exbactad 
minerals. 

If  the  vein  or  bed  in  question  be  placed  in  a  mountain,  and  if  its  direction  forms  a 
very  obtuse  angle  with  the  line  of  the  slope,  the  miner  begins  by  opening  in  its  ude,  at 
the  lowest  possible  level,  a  gallery  of  elongation,  which  serves  at  once  to  give  issue  to 
the  waters,  to  explore  the  de]X)site  through  a  considerable  extent,  and  then  to  follow  it 
in  another  direction;  but  to  commence  the  real  mining  operations,  he  pierces  either 
shafts  or  galleries,  according  to  the  slope  of  the  deposite,  across  the  first  gallery. 

For  a  stratum  little  inclined  to  the  horizon,  placed  beneath  a  plain,  the  first  thing  is 
to  pierce  two  vertical  shafts,  which  are  usually  made  to  arrive  at  two  points  in  the  same 
line  of  slope,  and  a  gallery  is  driven  to  unite  them.  It  is,  in  the  first  place,  for  the  asks 
of  circulation  of  air  that  these  two  pits  are  sunk;  one  of  them,  which  is  also  destined 
for  the  drainage  of  the  waters,  should  reach  the  lowest  point  of  the  intended  woridogs. 
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Vft  Tein  ii  iatenected  by  traiuvetM  onei,  Ibe  diBftg  an  pUced  w  u  to  foUow,  or,  ml 
least,  lo  cut  ihiongh  the  intersections.  When  the  mineiol  oitt  lie  in  nearly  vertical 
msMcs,  it  is  li^hl  to  amid,  u  far  ai  passible,  linlung  pits  into  Ibeir  interior.  Thew 
■luraM  ralber  be  peifonUed  at  one  side  of  theii  floor,  eren  al  some  considerable  distance,  to 
ATOidall  risk  ofcrDnibling  the  ores  into  a  heapof  rubbieb,  and  overwhelming  tfaevotlunen. 

With  a  vein  of  lees  than  two  j-acds  thidc,  ai  soon  aa  the  prepvalorr  labon  have 
bnnigbl  the  miners  to  the  point  oT  the  vein  iran)  which  the  ulterior  workings  are  to 
lamiiy,  whencTcr  a  circnlatioa  of  aii  haa  been  secured,  and  an  outlet  to  (he  water  and 
the  mailers  mined,  Ihe  fint  object  it  to  divide  the  mass  of  ore  into  lar^e  painllelopi- 
ped«,  by  means  of  oblong  galleriei,  pierced  20  or  25  yards  below  one  another,  with  pita 
of  commiuiicaliOD  opened  up,  30,  40,  or  60  yards  asunder,  which  follow  the  slope  of 
the  vein.  These  galleriei  and  ihafta  are  ugually  of  the  same  breadth  as  the  vein,  unless 
Vhen  it  is  very  narrow,  in  which  eaae  it  is  reqniBite  to  cat  out  a  portion  of  the  roof  or 
the  floor.  Sneh  working!  serve  at  once  Ibe  purposes  of  mining,  by  affording  a  ponioD 
t£  me,  and  the  complete  investigation  of  the  nature  and  riches  of  the  vein,  a  certain 
extent  of  which  is  thos  prepared  before  removing  the  cubical  masses.  It  is  proper  to 
•dTmnec  fiial  of  all,  in  this  manner,  lo  the  greatest  distance  trom  the  central  poinl  which 
c«n  be  mined  with  economy,  and  altei^nudi  to  remove  the  paraUelDpiped  blocks,  in  worb- 
mg  back  to  that  po^^ 

Hub  latter  operriHi  may  be  carried  on  in  two  diffcreat  ways ;  of  which  one  consists 
in  attacking  Ihe  ui^lom  above,  and  another  from  below.  In  either  ease,  the  excavn- 
tiou  are  dispoced  in  steps  similar  lo  a  ainir  npon  their  npper  or  under  side.  The  first  is 
•tyW  a  ucrking  in  direct  or  descending  steps ;  and  the  second  a  tcorking  in  nBerie,  or 
Mcwirting  itepi. 

1.  Sappoae,  for  example,  that  the  post  ti,flg.  714,  included  belween  the  horizontal 


gallery  A  c  and  the  shaA  A  b,  is  to  be  excavated  by  direct 


oat  a  paiallelopiped  (a  rectangular  mass),  of  from  four  lo  six  yards  brood,  and  two  yards 
high,  a  second  miner  is  set  lo  work  upon  a  scaffold  al  a',  two  yards  beneath  the  first, 
who,  in  like  manner,  excavates  the  rock  under  his  feet  and  belbre  bim.  As  soon  as  Ihfl 
Kcond  miner  has  removed  a  post  of  four  or  six  yards  in  width,  by  two  in  height,  a  third 
hcgin*  upon  a  scaffold  at  a"  lo  work  out  a  Ihiid  step.  Thus,  as  many  workmen  are 
onployed  as  there  are  steps  to  be  made  between  Ihe  two  oblong  horizontal  galleries 
which  extend  above  and  below  Ihe  mass  to  be  excavated ;  and  since  they  all  proceed 
•imnltaaeously,  they  etftitinue  working  in  similar  positions,  in  &Kirs,  over  each  other,  as 
Bpon  a  stair  with  very  long  wide  steps.  As  they  advance,  Ihe  miners  construct  befors 
them  wooden  floors  c  c  c  c,  for  the  purpose  of  supporting  the  rubbish  which  each 
workman  extracts  from  his  own  step.  This  floor,  wluch  shonki  be  very  solid,  serves 
•lao  for  wheeling  oul  his  barrow  filled  with  ore.  The  round  billets  which  sup- 
port the  planks  suslaia  the  roof  or  the  vrall  of  the  mineral  vein  or  bed  under 
opemlion.  If  Ihe  rubbish  be  very  considerable,  as  is  commonly  Ihe  case,  the  floor 
itenJls  ore  lost.  However  strongly  Ihey  may  be  made,  as  they  cannot  be  repaired, 
they  sooner  or  later  give  way  under  Ibe  enormous  pressure  of  the  rubbish  ;  and  as  all 
the  weight  is  borne  by  Ihe  roof  of  the  oblong  gallery  underneath,  this  must  be  suffi- 
ciently timbered.  By  this  ingenioos  plan,  a  great  many  miners  may  go  lo  work 
togethtir  upon  a  vein  without  mutual  interfere  nee  |  as  the  portions  which  Ihey  detach 
have  always  two  faces  at  least  Iree,  they  are  consequently  more  easily  separable,  eilhec 
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with  ■DDpowdn  or  wilh  the  pick.  Bhonld  the  vein  be^nore  than  a  jmii  thick,  w  ifiM 
■nbatanee  be  rcr;  rernciory,  two  mineri  are  »et  upon  each  step,  hthb  indkatt  Ik 
qnadranjlDtar  mane*  that  are  cut  onl  Encceuivel;  downwardi  j  and  ]  I,  2  2,  3  3,  b- 
wants  i  the  lines  of  (hibIJ  circles  are  the  seetiona  of  the  endi  at  the  billeU  which  aopM 
the  Boor*. 
2.  To  Bttadt  kinui  v.Jig.  7J5,  a  fcoKM  m  U  crcdca  in  one  of  Us  tcr 


at  the  level  of  ibe  ceiling  or  the  f^llerr  ■  >'<  where  it  tenninBtea  below.  A  ■■"Jf 
placed  on  this  scaffold,  eula  olT  at  the  angle  of  this  iDaas  a  paivUelopipcd  t,  ttoat  oat 
to  two  janls  high,  by  si;i  or  eight  lon^ .  When  be  has  advanced  thn*  Ikr,  tbere  is 
placed  in  (he  ESime  pit,  upon  aoolher  scalTotd  m',  a  second  miner,  who  attacks  the  Teia 
above  the  roor  of  the  first  cutting,  and  hews  down,  above  the  parallelopiped  I,a[iaial- 
lelopiped  of  tlie  «ame  dimensions  1',  while  the  first  is  lalfing  out  another  2,  in  adrance  sf 
1.  When  the  second  miner  has  gone  forward  6  or  8  j'ards,  a  third  is  |daced  also  in  the 
same  pil.  He  commences  the  third  step,  while  the  first  two  minen  are  poahing  forwaidt 
theirs,  and  so  in  suceession. 

In  [his  mode  of  working,  as  well  ai  in  the  pteceding,  it  is  requisite  to  anppsn  the 
rabbiih  and  the  walls  of  the  vein.  For  the  first  object,  a  single  floor  a  a  a,  may  be  tat 
ficient,  conttructed  abore  the  kiwer  gallery,  substantial  enough  to  bear  all  the  rnbhitli, 
as  well  as  Ihe  mineit.  In  certain  cases,  an  arched  roof  may  be  Enhatitmed  {  and  ia 
olherH,  several  floors  are  laid  at  different  heights.  The  sidea  of  the  vein  are  anppoiled 
bf  means  of  pieces  of  wood  fixed  between  them  perpendicularly  to  their  plane*.  Sane- 
times,  in  Ibe  middle  of  the  rubbish,  small  pita  are  lel^  at  regular  distance*  apart,  throngh 
which  the  workmen  throw  Ihe  ore  coarsely  picked,  down  into  the  lower  goller;.  The 
rDbbish  occasionally  forms  a  slope///,  so  high  that  minen  placed  upon  it  can  wort 
conveniently.  When  the  rich  portions  are  ao  abundant  as  to  Imtc  too  little  rubbish  ta 
moke  such  a  sloping  platform,  the  miners  plant  themselves  upon  moTcable  door^  which 
they  carr]'  forward  along  wilh  the  cicavalions. 

These  two  modes  of  working  in  the  sltp-form,  have  peculiar  advantage*  and  diaadraa. 
tages  ;  and  each  is  preferred  to  the  other  according  to  circumstances. 

In  the  dcictHding  umking$,  or  in  dirat  ittpi,Jig.  7H,  the  miner  is  placed  on  the  tbT 
mass  or  substance  of  the  vein  ;  he  work^  eommodiously  before  him  ;  he  is  not  czpoMi 
to  the  splint^  which  may  fly  off  from  the  roof;  but  by  this  plan  he  is  obliged  to  •^l^^l^J 
a  great  deal  of  timber  to  sustain  the  ruhbish;  and  the  wood  is  fixed  for  ever. 

In  the  aieeadmg  uorMngi,  or  in  nvrrid  tttpi,fig.  T15,  the  miner  is  compelled  to  WntI 
in  the  re-entering  angle  formed  between  the  roof  and  the  front  wall  of  his  eieaTation,! 
posture  sometimes  oppressive;  bnt  the  weight  of  the  ore  conspires  with  his  efforts t( 
make  it  fall.  He  employs  less  timber  than  in  the  vmkijigt  with  dind  tttpi.  The  awi- 
ng of  the  ore  is  more  difficult  than  in  the  deicnKfiag  irorJring,  because  the  rich  ore  N 
smnetimes  confounded  with  Ihe  heap  of  mbbish  on  which  it  falls. 

When  seams  of  dilnvinm  or  gravel-mud  occur  on  one  of  the  aides  of  the  vein,  or  «■ 
both,  they  render  the  quonying  of  the  ore  more  easy,  by  affording' the  meana  of  unconr- 
ing  the  mass  to  be  cut  down,  upon  an  additional  face. 

Should  the  vein  be  very  narrow,  it  is  necessary  to  remove  a  portion  of  the  Merile  rack 
which  encloses  it,  in  order  to  give  the  work  a  sufficient  width  to  enable  the  miner  to  ad- 
vance. If,  in  Ibis  case,  the  vein  be  quite  distinct  from  the  rock,  the  labor  ma)'  be  fkcili- 
toted,  as  well  as  the  separation  of  the  ore,  by  disengaging  the  vein,  on  one  of  it«  face^ 
throngh  a  certain  extent,  the  rock  being  allacked  separately.  This  operation  ia  callH 
sfripptng  thtitin.  When  it  is  thns  uncovered,  a  shot  of  gunpowder  is  snlGcient  to  detach 
a  ftrest  mass  of  it,  unmiied  with  sterile  stones. 

By  the  methods  now  described,  only  those  poralleloptpeds  are  cut  oat,  either  in  whob 
or  in  part,  which  pesent  indications  of  richness  adequate  to  yield  a  pruapeet  oT  beaeit 
[n  other  cases,  it  i*  enough  to  follow  014  the  threads  of  ore  which  occnr,  If  1 
made  in  thdr  diiectioB. 


The  miner,  in  MueMng  iritlm  Ibe  emit  oT  the  etrth  Ibr  the  riches  which  it  conceal*, 
ia  expoMd  (0  many  dangers.  The  rocki  amidM  vMch  he  digs  are  seldom  or  never  entire, 
but  are  almotl  almji  trarersed  by  elefll  in  Tarioo*  diieetions,  to  Ihal  impcndii^  frag- 
BenU  threaten  to  rait  arul  crush  him  at  every  instant.  He  u  even  obliged  at  limea  to  col 
through  rotlea  fViable  rocks  or  allurial  loams.  Frcih  atmospheric  air  follows  him  with 
difficolly  in  the  narrow  channels  which  he  lays  apeo  before  him  ;  and  the  waters  which 
ciTCDlaie  in  the  sabtemacan  seams  and  fissures  filter  incessantly  into  his  exeaTation,  and 
tend  to  fill  it.  Let  us  now  take  a  view  of  the  meaoB  he  employs  to  escape  Irom  Uwi* 
three  cUsses  of  dangers. 

I.  0/ Iht  limbiring  of  ixtavatUmi. — The  excavations  of  mines  are  divi>iU«  lalp 
three  principal  species ;  dia/it,  galUrits,  and  chamber:  When  the  width  of  thcM  sioa- 
Tatjoos  is  inconsideralde,  as  is  commonly  the  ease  with  shafts  and  galleries,  their  ndw 
can  sometimes  stand  upright  oT  themselves ;  but  more  frequently  they  require  to  ba 

rpped  or  stayed  by  billets  of  wood,  or  by  walls  built  with  bricks  or  stones ;  or  er^ 
stuffia;  the  space  with  rubbish.    These  three  kinds  of  lapport  are  called  (im&eria;, 
iBoBing,  andjUisf  up. 

Timbering  is  most  used.  It  varies  in  form  for  the  three  species  of  excavations,  accord- 
ing to  the  solidity  of  the  walls  which  it  is  dealined  to  sostain. 

In  ■  gallery,  for  example,  it  may  he  sufficient  to  support  merely  the  roof,  by  means 
•f  joists  placed  across,  hearing  at  Iheir  two  ends  in  the  rock ;  or  the  roof  and  the  two 
vtilt  by  meant  of  an  upper  joist  s,  fig.  TIS,  which  is  then  called  a  cap  or  cornice  beam, 
715.  resting  on  two  lateral  upright  poets  or  ilanthioiu,  a  b, 

to  which  a  slight  inclination  towards  each  other  is  given, 
so  that  they  approach  a  little  at  the  top,  and  rest  entirely 
upon  the  floor.  At  times,  only  one  of  the  walls  and  the 
roof  need  support.  This  case  is  of  frequent  occurrence 
in  pipe  veins.  Pillars  are  then  set  up  only  on  one  side, 
and  on  the  other  the  joists  rest  in  holes  of  the  rock.  It 
may  happen  that  the  floor  of  the  gallery  shall  not  be 
sufficiently  firm  to  afford  a  sure  foundation  lo  the  stand- 
ards; and  it  may  be  necessary  to  make  Ihem  rest  on  a 
horizontal  piece  called  the  lolt.  Tliis  a  timbering  with 
mm^tU  framta.  The  upright  posw  are  usnally  set 
directly  on  the  sole;  but  the  exlrenilies  of  the  cay  or 
ceiling,  and  the  upper  ends  of  the  ^ndarrff,  are  morlised 
in  inch  a  manner  that  these  cancwt  come  nearer,  whereby 
(he  cap  shall  possess  its  who^  force  of  resistance.  In 
IHaUe  and  shivery  rocks  there  is  pat  behind  these  beams,  b«<h  upon  the  ceiling  and  the 
dde«,/actag  boardt,  which  are  planks  placed  horixontally:  or  spars  of  defl  wow^  set  ao 
elOM  together  as  lo  leave  no  inlervsl.  They  are  called  .tuciiKi  in  French.  In  iKdinary 
gioaad,  the  miner  puts  np  these  plaiiu  in  proportion  ai  he  goes  forwaids ;  hut  in  a  hxwe 
kh),  snchas  sand  or  gravel,  he  must  tcount  them  a  bttle  in  advance.  He  then  drives 
Into  the  mass  behind  the  wooden  frame-work,  thick  hut  sharp-pointed  planks  or  stakes, 
and  which,  in  fact,  form  the  sides  of  the  cavity,  T*ich  he  proceeds  to  exca\-ate.  Their 
one  extremity  is  thus  supported  by  the  earth  io  *bich  it  is  thrust,  and  their  other  end  by 
the  last  framing.  Whenever  the  miner  g(Xs«nfficienlly  on,  he  sustains  the  walls  by  a 
new  frame.  The  size  of  the  limber,  as  well  as  the  distance  between  the  (Vames  or  tUm- 
dkiou,  depends  on  the  degree  of  pressure  t»  be  resisted. 

When  a  gallery  is  lo  serve  at  once'hr  several  distinct  purposes,  a  greater  height  ia 
given  to  it ;  and  a  flooring  is  laid  rn  it  at  a  certain  level.  If,  for  example,  a  gallery,  il 
lo  b«  employed,  both  for  the  tra^spori  of  the  ores  and  the  discharge  of  the  waters,  • 
Hour  «  «,JIff.  715,  is  constructed  above  the  bottom,  over  which  the  carriages  are  wheeled, 
•ltd  tiikder  which  the  waters  are  discharged. 

llie  limbering  of  shal^  raries  in  form,  as  well  ns  that  of  galleries,  aecotding  to  the 
natDTC  and  the  locality  rf  the  ground  which  they  traverse,  and  the  pDrposes  which 
they  are  nkeant  to  serve  The  shafts  intended  to  be  stayed  with  timber  are  atuallf 
ifiuue  or  rectangular,  hecanse  this  form,  in  itself  more  convenient  for  the  miner,  renders 
Iha  exeeation  M  the  timbering  more  easy.  The  wood-work  consists  generally  of 
netangolai  frames  the  spars  of  which  are  about  eight  inches  in  diameter,  and  placed 
U  a  dtstanee  asaner  of  from  a  yard  lo  a  yan]  and  s  half.  The  span  are  never  placed 
In  coiUact,  except  when  the  pressure  of  the  earth  and  the  waters  is  very  great.  The 
ijnrri  composing  the  trames  are  commonly  united  by  a  half-chedc,  and  the  louger  cf 
the  two  pieces  extends  <rften  beyond  the  angles,  to  be  rested  in  the  rock.  Whether  the 
■haft  ia  vnrtical  or  inclined,  the  frame-work  is  always  placed  so  that  its  plane  may  he 
perpettdienlar  lo  the  axis  of  the  pit.  It  happens  sometimes  in  inclined  sbalU  that  there 
an  only  two  aide*,  or  even  a  riogle  one,  which  needs  to  be  propped.  These  are  stayed 
Vr  BMU  of  mm  iMUU,  irhfeli  mt  at  tbelr  tvo  odi  ia  tke  nek.    Whm  Om  ftuMn 
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do  not  Imich  on*  uiotber,  tlraas  plank*  or  itmltn  are  fcslencd  bdiiad  Ikan  tb  mtafa 
tlie  gronad.  To  tbeae  planlct  the  frames  are  Grmlf  conaectnl,  so  tliat  Oitj  caiuiot  tUdt, 
In  Uis  eace  the  whole  limbering  irill  be  supported,  when  ihe  lower  fnnic  ii  aolidlj  tltt, 
ct  wIlGD  the  pieces  froni  sbove  pats  bf  its  an^tleB  lo  be  abntled  lyxtB  tbc  gnnmd. 

Id  the  large  lectaDgalar  shal^,  which  leire  al  once  for  extracting  the  orra,  Ibr  the  dit- 
charge  or  tbe  waters,  and  Ibe  descent  of  the  workmen,  (be  spaces  destined  tot  thete  wr- 
«ral  purposes  ue  in  general  separated  hj  partitions,  which  also  srrre  to  incrcmae  tht 
Mrength  of  the  timberinis,  by  acling  as  buKre^ses  to  Ihe  planks  in  Ibe  long  aidea  of  iba 
liame-work.  OccaBJonal]]-  a  parlition  separates  Ihe  ascending  from  tbe  desceudiBg  bas- 
ket, lo  preient  Iheir  jostling. — Lastly,  particular  passages  an  left  for  venlillation. 

As  it  is  desirable  thai  the  wood  shall  retain  its  whole  force,  only  [hoM  pieCM  aie 
•qnaied  which  absolutely  require  il.  The  spars  of  tbe  frames  in  shafli  and  gaUerin  (re 
deprived  meiclf  of  their  bark,  which  by  holding  moisture,  would  acceleialc  the  decotnpo- 
tition  of  the  wood.     Tbe  alburnum  of  oak  is  also  reatoicd. 

Resinous  woods,  like  Ihe  pine,  last  much  shorter  than  the  <«1(,  Ihe  beech,  and  tbe 

eheiry-tree  ;  though  the  larch  is  used  with  adranlage.    The  oak  has  been  known  to  Ud 

apwards  of  40  years  ;  while  Ihe  lesinous  voods  decay  frequently  in  10.    The  frtaher  Ihe 

•if  in  mines,  the  more  doiable  is  the  timbering. 

The  marginal  Jlgj.  717, 71B  represent  two  vertical  lectioas  of  n  shaft,  the  out  at  right 


•Bgks  to  the  other,  with  the  view  of  showing  the  mode  of  lustainiDg  the  walb  of  Ihi 
OMVUiOD  bj  timb^ing.  It  is  copied  from  an  actnal  mine  in  the  HaMi.  Thoe  We  msj 
"'"  obeMTt  Ihe  spaces  allolled  to  ihe  desceatof  tbe  niaenhr 
ladders,  to  Ihe  drainage  of  Ihe  water*  by  pompa  P,  and  nds  t, 
and  lo  the  extraction  of  the  mineral  snbslanees  hy  thefantkeb 
>.  a,b,  c,f,  A,  h,  1-arioDS  cross  timbers;  a,  c,  i,  nprif bt  da. j 
a,  pump  cistern  ;  v,  w,  corve-ways.  The  shafU  here  shova, 
u*  excavated  in  the  line  of  Ihe  vein  ilseF, — the  roek  eneloaiag 
il  btug  seen  in  the  second  figure. 

In  t  great  many  mines  il  is  found  advantagecnu  to  cnpporf 
the  eitavationa  by  brick  or  stone  building  cotutracled 
either  w^h  or  without  mortar.  These  conetrtictioiu  an 
oAen  more  epgtly  thaji  wooden  ones,  but  they  la«t  mudi 
longer,  and  heixl  fewer  repairs.  They  are  employed  instead 
of  timberings, 'tb.  support  the  walls  and  roof  of  galleriei,  la 
line  the  sides  of  tlisJb,  and  to  bear  up  tbe  roolV  of  exeata- 

Sometimes  the  I«b  sides  of  a  gallery  are  lined  with  ver- 
tical walls,  and  its  roof  is  supported  by  an  ogee  Taidt,  oraa 
arch.  If  the  sides  of  the  mine  are  solid,  a  simple  arch  i* 
tnfficient  lo  instaia  the  roof,  andatotberlimcE  the  whoi-sarraceof  a  gallery  it  formed  of 
n  single  elliptic  vault,  the  great  axis  of  which  is  vertical ,  and  the  bottom  ii  lunnoBnled 
bjawoodenplank,  under  which  the  waters  run  off;  seejS^  719. 

Walled  shafts  also  are  sometimes  constnieled  in  a  circijtf  or  elliptic  (bnn,  which  it 
better  adapted  lo  resist  the  pressure  of  Ihe  earth  and  waters.  Rectangular  shafts  of  aD 
dimensions,  however,  are  frequently  walled. 

The  sides  of  an  excavation  may  also  he  supported  by  filling  it  tompletely  wiib  mbbish. 
Wherever  Ihe  sides  need  lo  be  supported  for  some  lime  without  Ihe  necessity  of  passing 
along  them,  il  is  often  more  economical  to  stuff  them  up  with  rubbinh,  Ihan  to  keep  np 
their  supports.  In  Ihe  territory  of  Liege,  for  example,  there  have  been  shafts  thn«  flDed 
np  for  several  centuries ;  and  which  are  found  to  be  quite  entire  when  they  are  eraptied. 
The  rubbish  is  also  ateful  for  fonning  roads  among  steep  strata,  for  dosing  alr-holei,  tnd 
finning  canals  flTvenlilation. 

Figj.  719,730,721  represent  the  principal  kinds  of  mason-work  employed  in  the 
falleriea  and  shafts  oT  mines.  Fig.  722  exhibila  the  walling  in  of  tbe  cage  of  m  mef 
ibet  water  wheel,  tw  nwnntffl  within  ■  mine,    fiefine  beginning  to  build,  an  esc*. 
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vation  largs  enough  miut  be^nade  in  the  mlleir  to  ie*.Te  a  tpace  three  feet  and  >  half 
high  for  (be  workmea  lt>  itand  in,  after  the  bridc-woric  ii  completed.  Between  the 
two  opposite  side*,  cross  beuns  of  wood  miut  be  Gxed  at  certain  diitaneei,  ai  chorda 
<tf  the  vanll,  over  which  the  rock  must  be  hollowed  out  to  receive  tha  anh-alonei, 
•nd  the  cenimg  must  then  be  placed,  covered  with  deals  to  receive  the  unuiotn, 
beginning  at  the  flanks  and  endin|  wiUi  the  key-stone.  When  the  nult  is  finished 
tbrough  a  ceitain  extent,  the  internl  between  the  arch  and  the  roelc  must  be  lainiMd 
rail  oT  rubbish,  leaving  passages,  if  necessarr,  through  it  and  the  arch,  for  cotrent* 
oTwiUer. 

In  walling  galleries  attention  most  be  paid  to  the  direction  of  the  piessnre,  and  to 
Imild  vertically  or  with  a  slope  accoidingly.  Should  the  pressure  be  equal  in  all 
ilirections,  a  closed  vantl,  like  fig.  719,  shoold  be  fonned.  For  walls  not  far  from  the 
vertical,  salient  or  buttressed  arches  are  employed,  at  shown  in  fig.  110,  called  in 
German  iibtrtpringtmU  bogtn ;  for  other  cases,  twin-arches  are  preferred  with  an  upright 
•mi  between. 

Fig.  721  is  a  transverse  scetion  of  a  walled  drain-gaUery,  from  the  grand  gallery  of 
theUartx;  see  alio  ytg.  722.    a  is  therock,  which  neeilt  lobe  aapported  only  at  Uiewdes 


722 


and  top ;  b,  the  masonwork,  a  carve  formed'of  the  three  drcolor  arcs  upon  one  level  i 
c,  the  floor  for  the  water-conise.  Fig.  719  is  a  cross  section  of  a  walled  gallery,  as  at 
Schneeberf ,  Rothenbure,  Idria,  &c. ;  d,  is  the  rock,  which  is  not  solid  either  at  the  flanks, 
roof,  or  floor;  t,  the  elliptic  masonwork  ;  /,  the  wooden  floor  for  Ihe  wagons,  which  it 
■ometimes,  however,  arched  in  brick  to  allow  of  a  waler-coune  beneath  it. 

Fig.  73D  shows  two  vertical  projections  of  a  portion  of  a  walled  shaft  with  buttresiet, 
ai  bnill  at  the  mine  Valtr  .JdroAatn,  near  Marienbei^.  j  is  a  section  in  the  direction  of 
Ike  vein  gh,lo  show  thereof  of  the  shaft,  i,  a  section  eihilriting  Ihe  slope  of  (he  vein 
g  h,  into  which  the  shaft  ia  sunk ;  m  is  the  wall  of  the  vein ;  h  is  the  roof  of  the  same 
vein ;  B,  buttresses  resting  upon  the  Sanks  of  Ihe  shaft ;  n,  great  ores  on  which  the  but- 
tresses bear ;  y,  vertical  masonwork  ;  z,  a  wall  which  divides  Ihe  shall  into  (wo  compart- 
■nents,  of  which  the  larger,  p,  is  that  for  extracting  the  ore,  and  the  smaller  for  the  drain- 
ing and  descent  of  (he  miners. 

Fig.  722,  c  D  is  the  shaft  in  which  the  vertical  crank-rods  c  g,td,  move  up  and 
4Dwn.  r,  is  a  double  hydraulic  wheel,  which  can  be  stopped  at  pleasure  by  a  brake 
BMHinted  upon  (he  machine  of  extraction,  a,  is  the  drum  of  the  gig  or  whim  for  raisiag 
Ibe  corvu  or  tubs  (lema)  ;  h,  is  the  level  of  the  ground,  with  the  carpentry  which  SQp- 
P«tU  the  whim  and  ita  roof,  k,  is  the  kej-stone  of  (he  oga  arch  which  coven  th« 
water-wheel  j  a,  is  the  opening  or  window,  traversed  by  the  extremity  of  the  driving 
Aaft,  apon  each  sidb  of  the  water-wheel,  (brongh  which  a  workman  may  enter  to  adjutt 
«n^airitj  t  ft,  line  of  eondnite  for  the  streama  of  vrater  which  fall  upon  the  hydraulie 


Tked;  <^  g,  dodtde  aanlc  with  radi,  vkote  motion  iiUlten' off  the  IdlndeoftheiAedi 
4  4,  the  Mune  apoa  the  right  lide.    The  ditlMce  from  h  to  r  ia  ahont  22  juds. 

iygt.  723, 724  present  two  Tcnieal  wctions  of  the  Eh&ftaTB  mice  vtllcd,  like  the  nxf 
<f  k  cBTern,  commnnioitinK  with  the  gmlleriei  of  Ibe  roof  uuj  the  wall  of  ihe  rein,  mad 
wdl  uraaged  for  bolh  the  eilraetioa  of  the  ore,  and  the  deseent  of  (be  mlncn.  IV 
TKtiol  pvtition  of  Ihe  ihad  for  Bepualiog  the  passage  for  the  correi  or  tubs  fran  Ihe 
hddera  is  omitted  in  the  G^re,  for  the  lake  of  eleanes*. 

In  Jig'.  723,  A,  B  sre  the  aide  vails  supported  npon  the  battreaset  c  and  d  ;  in  Jig,  724, 
X  ia  tlte  masonij  of  the  wait,  borne  apoa  the  arch  r  at  the  entrance  to  ■  gallerj ;  the 
continuation  being  at  □,  which  is  sustained  bj  a  similar  arch  built  lower. 

L,  is  the  vault  arch  of  the  tdoT,  supported  npra  another  vault  w,  which  picaenti  a  double 
comlnre,  at  the  entivuee  of  a  gHllery;  at  h  is  the  continuation  of  the  arch  or  vainlt  i, 
irtiieh  underneath  is  supported  in  like  manner  at  the  entrance  of  a  lover  gallerT. 

ab,c  d,fig.  723,  are  amall  upright  guide-ban  or  rods  for  one  of  the  correa,  or  klUle*. 

*/>  K  ^1  'U'c  similar  guide-bars  for  the  other  corf. 

i  {,  are  cross-bars  of  wood,  which  support  the  stafs  of  the  ledden  oT  descent. 

t  Jk,  are  also  cross-bars  by  which  the  guide-rods  are  secured. 

(,  a  anf,ia  extraction  kibble,  furnished  with  frictioarollervj  the  ether  ewf  i«  sippaaaJ 
to  be  drawn  up  to  a  higher  IcTel,  in  the  other  vertical  passage. 


i'li|t.  TSfi,  726  represent  in  a  vertieal  MCtion  Ihe  modeoftitBbeiing  the  galleriea  ef  |^ 
Urer  aid  lead  minet  at  Andreasben  in  the  Harli..  Ft;.  7ao  shows  the  plan  viewH 
^Mn  abore. ,  Upon  the  roof  fS  the  umbering,  the  workman  throws  the  waste  nlbHl^ 
"idln  the  emptr  spaice  b«1ow,  which  m  shaded  black,  he  transports  ir  *'-      "    ~   ' 


tten  ia  a  ganitore  of  smaU  spars  mJtSa  for  the  porpoae  of  drainilge  inl] 
-  VilkthcviewofptoDoting  thedanUlinorUwwood-woik. 
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worlung  oT  miDcrali  b;  Ihe  moM  it  wen  demplided  a  few  Icsfnea  to  the  nonh  of 

,  near  the  Tillage  of  MA«en,  in  b  mine  of  inm  and  other  met^  called  Slah&trg, 
toTm»  the  main  wealth  of  Uie  cooDtrT.    The  plan  of  working  is  termed  At  vceavo- 

a  dinti  or  tTonttnt  mati.  It  »how«  in  ils  npper  p«rt  the  danger  of  hail  mhilnft 
ill  infeiior  portion,  the  regular  working!,  by  whose  means  art  hat  erenlually  pre- 

Ibe  destruction  of  a,  precioas  mineral  deposite. 

727  is  a  venical  eeclion  of  Ihe  bed  oS  ore,  whidi  ia  a  direct  mua  of  tpaUvoM 
727 


r.  728,  729,  730  ri 


inm,  contained  in  tianntion  rock  (giajwacke).  a,  a,  a,  are  pillara  of  the  sparry  ore, 
reseiTnl  to  toppoit  the  succeuiTe  stages  or  floors,  which  are  numbered  1,  2,  3,  i.e. ; 
b,b,b,*n  eicaTations  worked  in  the  ore ;  which  eihitdl  at  the  present  day  sever*] 
tocWB  of  Mches,  of  greater  or  less  magnitude,  aceording  to  the  localities.  It  maybe 
rcmuked,  (hat  where  the  metallic  deposite  forms  one  entire  man,  rich  in  spathoee  iron 
ar«  of  good  qoalily,  there  is  generally  given  to  the  vaults*  height  of  three  fathoms; 
leaving  ■  thickness  over  the  roof  of  two  fathoms,  on  accouut  of  the  nnmerona  Gssurea 
which  pervade  the  mats.  Sat  where  this  mass  is  divided  into  three  principal  branches, 
the  roof  of  the  nolts  has  only  a  fathoni  and  a  half  of  thicknes),  while  the  exeavBiion  is 
three  blhoms  and  a  half  high.  In  the  aetnal  state  of  the  workings,  it  may  be  estimated 
thatlhim  ali  this  direct  mass,  there  is  obtained  no  more  oat  of  every  floor  than  one 
thin]  ct  (he  mineral.  Two  thirds  remain  as  labors  of  reserve,  wliich  may  be  resoffied 
■t  some  (iiture  day,  in  consequence  of  the  regularity  and  the  continnalion  of  the  snbter- 
imnean  workings,  t  is  a  shall  for  extraction,  communicating  below  with  the  gallery  of 
efflux  fC ;  fi  is  an  upper  pallery  of  diainage,  which  runs  in  different  directions  (one  only 
beinK  visible  in  this  seciion)  over  a  length  of  400  fathoms.  The  lower  gallery  k  runs 
£46  fathoms  ia  a  straight  line.  The  mine  of  Stahlberg  has  faraished  annually  on  an 
average  since  176U  about  25,000  cubic  feet  (French)  of  an  excellent  spalhose  ore  ofiren. 
«  m,  represents  the  mass  of  sparry  iron. 

"'  iresent  the  cross  system  of  mining,  which  consists  in  forming 

gnlleries  throngh  ■  mineral  deposite,  from  its  wall  or  floor 
towards  its  roof,  and  not,  as  usnal,  in  the  direclioa  of  it* 
leagth.  This  mode  was  contrived  towards  the  middle  of 
the  ISlh  century,  for  working  the  very  thick  veins  of  the 
Schemnitz  mine  in  Hungary,  and  it  is  now  employed  with 
advantage  in  many  places,  particularly  at  Idria  in  Camiola. 
In  (he  two  sections  yfgi.  728,  730,  as  well  as  in  the  ground 
plan  Jig.  729,  Ihew^  ia  denoted  by  m  m,  and  the  roof  by  tl. 
A  flr^l  gallery  of  prolongation  i  r,  fig.  730,  being  formed  to 
.  a  a,  are  next  established  at  right  angles  to  this  gallery,  so  that 
IB  every  two  there  maybe  room  enough  to  place  three  others,*,  c,  b,fig,  729.  From 
each  of  tho  euU  a,  ore  is  procured  by  advancing  with  the  help  of  timberiag,  (ill  the 
roof  t  be  reached.  When  this  is  done,  these  first  cuts  a,  are  filled  up  with  rubbish,  laid 
■pon  pieces  of  timber  with  which  the  ground  is  covered,  so  that  if  eventually  it  should 
ha  wished  to  mine  underneath,  no  downfUl  of  detrilns  is  to  be  feared.  These  heapi 
of  rahbteh  rise  only  to  within  a  few  inches  of  the  top  of  (he  cuts  a,  in  order  that  the 
mridi^  of  the  upper  story  may  be  easier,  the  bed  of  ore  being  there  already  laid  opCA 
■pra  its  lower  face. 

Ill  proportion  as  the  cuts  a,  ot  the  first  story  ■  r,  are  thus  filled  up,  the  greater  jut 
at  the  timbering  is  withdrawn,  aad  made  use  of  elsewhere.  The  intermediate  Cdtl 
t,e,t,  are  next  mined  in  like  manner,  either  beginning  with  the  cuts  c,  or  the  euut,  ae- 
eordbig  to  the  localities.  From  fig,  729  it  appears  that  (he  working  may  be  n  at^ 
ni^c^  Ibu  in  caae  of  necctrity,  there  mar  be  alwaya  Wlween  two  nitt  in  aeUvny  t)M 


dUuee  of  Ihtee  cab,  dlher  aol  mtit,  at  flUed  up  vlth  rnbbuh.  Hence,  «U  Ike  pocliN 
d"  the  M  of  ore  iii>T  be  rdoored,  which  coRCtpomli  to  b  firtt  11017  ■  *ifiS-  730,  aad  Ikk 
paction  it  repbeed  by  rablHih. 


The  eiploratioQ  of  the  upper  ilones  %'  r',  e«  ra,  s>  f«,  ii  now  prepared  ii 
naaaeri  with  which  view  ihaft*  A  ^,  fc  In,  are  formed  from  below  upwu^  in  the  «ul 
m  of  the  deposite,  and  fhim  thcK  (hafti  oblonE  galleries  proceed,  eitablitheil  ■DceeniTclr 
cm  ■  level  with  the  stories  thai  raised  orer  one  nnolher.  See^ig.  730.  The  foUowisf 
olgecl*  may  be  ipecifi«d  in  the  Ggmes  :- 


i 

-  ■ — 1--|  i-j^-i. 

,,.£J 

^■:.sA^i^ 
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a  a,  the  flnl  cdU  filled  up  with  rubbUh,  apan  the  Grat  story  ■  r,Jlg.  72S. 

b  t,  other  cuts  sabsequently  BUed  up,  upoa  the  saine  alorj. 

c,  the  CDt  actually  working. 

(^  the  front  ofthe  cut,  or  place  of  actual  McaTBtion  of  the  mineral  depowte. 

e,  masses  of  the  barren  rock,  reserved  in  the  cullini,  as  pillars  of  safely. 
/,  galleiies,  by  means  of  which  the  workmen  nuj  turn  round  the  mass  c,  io  taiat  M 
(bnn,  in  the  roof  J,  an  excavalion  in  the  direction  of  the  deposite. 
t     K,  inbbish  behind  the  mass  1, 

k  k,  two  shafls  leading  from  the  first  story  e  F,  to  the  upper  stories  of  the  woHtingt,  B 
already  stated. 

m,  U>e  wall,  and  1  the  roof  of  the  mineral  bed. 

In  the  second  story  e'  r",  the  galteryof  prolongation  r',JIgt.  728  and  T30,ii  not  entirely 
peiforaled ;  bat  it  is  Rinher  advanced  than  Ihat  of  the  third  story,  which,  in  it*  tnn,  ii 
more  than  the  gallery  of  the  fonrlh. 

From  this  arrangement  there  is  produced  upon  fig.  730  the  general  aipecl  of  a  woridig 
Ity  reverted  steps. 

Whenever  the  woriungs  of  Ihe  cuts  c  in  the  first  story  are  finished,  thoMoT  the  weeoti, 
a*  a',  may  be  begun  in  the  second  ;  and  thus  by  mounting  from  story  to  story,  the  vbols 
depoiile  of  ore  may  be  taken  out  and  replaced  with  rubbith.  One  great  advaDtag*  ofthis 
Btelhod  is,  that  nothing  is  losl ;  but  it  is  not  ibe  only  one.  The  facilities  offered  1^  the 
•ystem  of  cnui  uvrfeingt  for  disposing  of  the  rubbisl^  most  frequently  a  nuisance  to  the 
miner,  and  expensive  to  get  rid  of,  the  solidity  which  it  procures  by  the  banking  up,  Ibe 
consequent  economy  of  timbering,  and  saving  of  expense  in  Ihe  excavation  of  the  nek, 
reekoniog  from  the  second  story,  are  so  many  important  circumstances  which  recomiBend 
Uiit  mode  of  mining.  Sometimes,  indeed,  nibtiish  may  be  wanted  lo  fill  np,  but  Ihts  may 
always  be  procured  by  a  few  accessory  perforations  i  it  being  easy  1 0  establish  tn  Iha 
Tidnity  of  the  workings  a  vast  excavation  in  thefiirmof  e  vault,  or  kind  of  Bubtemneoni 
quarry,  which  may  be  allowed  to  fall  in  with  proper  precautions,  and  where  mbbish  will 
thns  aecnmnlate  in  a  short  lime,  at  little  cost. 

Fif.  73 1  reprcKnls  a  section  of  the  celebrated  lead  mines  of  Bleyberg  in  Carintliia,  not 
hi  from  Villaeh. 

b,  c,  is  the  ridge  dT  the  monatains  of  compact  limestone,  in  whose  boaom  the  wcridnfi 
tre  carried  on. 
^k  the  aeutnitmna  nlley,  nuninc  bom  eaA  vo  weat,  between  the  two  panIM 
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mII«T>  of  >}ie  0«il  lud  the  Dnve,  bat  «t  a  lerel  conudenUr  iboTe  tlie  watar*  of  tbew 

/  f  ia  the  dirMttoQ  at  a  freal  dud;  Tcrticil  bed«  of  metaUifenim  Umettone. 
On  coDudertDK  the  direelion  and  dip  oT  the  marl^  «ehi«,  and  metaUiferona  limettoBe, 
731  m  the  apace  w,  w,  to  the  weat  of 

the  liae  1,  i,  it  would  appear  that 
a  great  portion  of  this  EjrtteDl  of 
moantaini  hai  gnSered  ■  alip  between 
1,  >,  and  a  panllel  one  towards  the 
eut;  whereby,  probably,  that  ver- 
lical  position  of  the  atrata  baa  been 
prodaced,  which  eiiati  throagh  a 
considerBble  eiieat  The  metallifer- 
ona  limealooG  ia  covered  to  a  certain 
thickaeas  wtlh  a  marly  achial,  and 
other  more  recent  rocks.  II  is  in 
this  schist  that  the  fine  marble  known 
nnder  the  name  of  the  hunaehtUo  of 
Blt^>trg  is  qoarried. 

The  galena  oecnrs  in  the  boaom  of  thia  rock  in  flslteaed  mossea,  oi  hlocka  or  ■  con- 
siderable volnoie,  which  are  not  aeparaled  from  the  real  of  the  calcareous  beds  by  any 
aeam.  It  it  accompanied  by  linc  ore  {ealamint),  especially  in  the  upper  parta  of  the 
ntooDtaiD. 

Sefenl  of  the  workable  oasaet  ate  indicated  by  r,  rs ;  each  presents  itself  at  a 
M^id  anal<^ous  to  a  very  elongated  ellipee,  whoae  aiia  dipa,  not  according  to  the  inclina- 
tion c4*  Ihe  aarrounding  rock,  bnt  to  an  oblujoe  or  intermediate  line  between  Ihia  inclina- 
tion, and  the  direction  <rf' the  beds  of  limestone;  as  shown  hyrw,  r'n.  Every  thiDi; 
indicates  the  c<ntemporaueotu  formation  of  the  limettone,  and  the  lying  beds  of  [he 

The  accidents  or  fknita  called  klmfl  {rati)  at  Bleybe^  are  visible  on  the  sorface  of  the 
ground.  Experienced  miners  hare  remarked  that  the  rich  masses  occur  more  frequently 
in  the  direelioB  of  these  aceidenta  than  elsewhere. 

It  is  ia  genera]  b;  galleries  cnl  horiiontally  in  the  body  of  the  mountain,  and  at  dtSer. 
eot  levels,  »,  g,  >/,  thai  the  miner  advances  towards  the  mnsaea  of  ore  r,  rt.  Many  of 
these  gaUeries  are  500  fathoms  long  before  they  reach  a  workable  mass.  The  eevem] 
gmlleries  are  placed  in  conunnnicalion  by  a  few  ihaTts,  such  as  1;  but  few  of  these  are 
nmk  deeper  Uian  the  level  of  the  valley  t. 

The  toUl  leu^h  of  the  mines  of  Bleybcrg  il  about  10,000  yards,  parallel  to  the 
valley  t :  in  which  space  there  are  600  eoaeesaions  graaled  1^  the  government  to  various 
individnala  or  joinL  stock  aocieties,  either  by  themselves  or  associaled  with  the  govem- 

The  metalliferous  valley  contains  5000  inhabilanta,  all  deridng  snbsiBteace  from  the 
mines ;  300  of  whom  are  occupied  in  the  government  works. 

Each  coRcesaioB  haa  a  number  and  a  name  ;  as  Antoni,  Christoph,  Malthsua,  Oswald!, 
2,  8,  36,  te. 

Fig.  732  is  a  section  in  the  quicksilver  mine  of  Idria.  I.  is  the  gray  limestone ;  2.  is 
B  blackish  slate ;  6.  ia  a  grayish  slate.  Immediately  above  these  transition  rocks  lies  the 
bed  containing  the  orea  called  coraUeaerz,  which  consist  of  an  intimate  miiture  of  snl- 
phoret  of  mercary  and  argillaceous  limestone  j  in  which  foor  men  can  cut  out,  in  a  month, 
Si  toiaes  cube  of  rock. 

""  Fig.  733  represents   a  section 

of  part  of  the  copper  mine  of 
Mansfeldl ,  containing  the  cellular 
limestone,  called  TOuchmarht  al- 
ways with  the  compact  marl  lints- 
s lone  called  zechstein,  the  cupre- 
ous schist,  or  ktipftridiufer  the 
wall  of  grayish  white  landslone, 
called  Ihe  ictutt  lit^cndt ,  and  the 
wall  of  red  sandstone,  or  the 
Toilulu  gmdi  The  Ihin  dotted 
stratum  at  lop  is  vegetable  moaU; 
the  lante  dolled  portion  to  the 
nght  of  the  figure  is  ooUle ,  the 
ttiUtideltnadi  next  it  ra«<Ai«iiAe ,  andlastly,  the  mam  body  of  fetid  lunetuA, 


Fig.  73i  i«preaenti  one  of  the  Mau&Idt  eoppei  icUit  mine*  in  the  dklikt  nOtl 
Bni^oerner,  or  FreuuhoheiL 

1.  Vegetable  mould,  with  iQiciinu  gnTcL 

2.  FeiTugiDoui  clay  oi  loaio. 

3.  Sand,  wjtb  fiigmeDU  of  qnarlz. 

4.  Red  clsT,  ■  bed  of  variable  thicltneu  u  veil  u  the  lower  itniU,  ttecoiduig  m  tkt 
cnpreom  seW  i«  nearer  or  fartlier  from  tbe  loiface. 

C.  Ooolile  i,TCOgaulti»). 

6.  Newer  Tariqatol  landstone  fhunltr  laitititiii), 

7.  Newer  gjpiuiD ;  below  which,  Ihere  ii 

8.  A  bloiih  marfy  elay. 

9.  SUoliatoae,  or  lacnllite. 

10.  Friable  gnjith  BarL 

11.  Older  gypiatn,  a  rock  (otallTwanlinK  in  tbe  other  diitrieU4]f  tbe  mineicfRatbek- 
Iierg  i  but  abounding  in  Saion  Mancfeldt,  where  il  inelude*  twi  caTenai  known  miaoaf 
tbe  miner*  by  the  name  of  idilollen,  as  indicated  in  Ihe  figure. 

12.  The  calcareous  rock  Ailed  stHiittin.  The  lower  part  of  thii  itntaiD  abowi 
■fiDptaiDS  of  tbe  capriferoos  schist  that  lies  uademeath.  It  pmenti  three  thin  band% 
diAerenilj  modified,  which  the  miner  distinguishes  as  be  descends  bj  the  names  of  the 
sterile  or  rotten  (/ouJO  rock  j  the  imf  idadkloU) ;  and  Ihe  nsin  rock  (cierbtrg.) 


13.  Is  a  bed  of  copriferons  schist  (IcHp/trtAi^er),  also  called  the  bilmwiim  •mtult 
■gUM,  in  whieh  may  be  noted,  in  going  down,  bul  not  marked  in  the  Bgnie : — 

a,  the  letl^trg,  a  seam  4  inches  (hick. 

b,  Ihe  kammichaU,  {  of  an  inch  thick. 

c,  the  koiifickait,  one  inch  thick. 

These  seam*  are  not  worth  smelting ;  the  foUowing,  however,  are : — 

d,  the  $tiiit/tr  kopf,  the  main  copper  schist,  2  inches  thick. 
t,  a  layer  called  loditn,  one  inch  thick. 

14.  Tbe  wall  of  sandstone,  resting  upon  a  porphyry. 

Fig.  736  is  a  section  of  the  mines  of  Kicgelsdorf  in  Hessia,  presenting — 

1.  Veeetable  mould. 

2.  Linie«tane  distinct!;  stratified,  freqnenlly  of  a  ]>elIowiBh  color,  called  lagtrlt^Ur 
kaUultin. 

3.  Clay,  Binnetimet  red,  sometimes  blae,  sometimet  a  mixture  of  red,  bine,  nad 
jellow. 

4.  The  cellolar  limestone  (ratxlikalk).  This  rock  differs  both  in  nature  and  pootiM 
from  the  rock  of  the  same  name  at  Mansfeldt. 

6.  Clay,  usually  red,  containing  vein*  of  white  gypsum,  and  fine  crystal*  of  at]*-- 

6.  Massive  gypsum  of  recent  formation. 

7.  Felid  limestone,  compact  and  blackish  gray,  or  cellular  and  yellowish  gray. 

8.  Pulverulent  limestone,  with  solid  fisgmenti  interspersed. 

9.  Compact  marl-lLmestone,  or  itduUin,  which  changes  from  a  brownish  color  abon 
to  a  blackish  schist  below,  as  il  eomes  nearer  the  cupreous  schist,  which  seems  to  fono  ■ 

10.  Cupreous  scbiat  {kapftrichiefer),  of  which  the  bottom  portion,  from  ^  to  6  inehe* 
thick,  is  that  selected  for  melalturgic  operations.  Beneuh  il,  is  found  the  usual  wall  w 
bed  of  sandstone.  A  vein  of  cobalt  ore  n,  which  is  rich  only  in  the  grayish-white  mat- 
alone  (veiiK  lUgetdi),  traverses  and  deranges  all  the  beds  wherever  il  comej. 

0/  irorJring  miwt  by  firt. — The  celebrmled  mine  worked  since  the  tenth  Century  in 
the  mountain  called  Rammtlibtrg,  in  the  Hartz,  to  the  south  of  Goslar,  presents  •  atr^ 


nan  of  oim,  among  (he  beds  of  the  rock  vbich  c 
nl  depoaite  is  sitaated  in  the  earth,  lil[e  an  enormous  iaverted  vedge,  so  thai  iu 
new  (power),  inconsiderable  near  the  surface  of  the  ground,  iaereasesu  it  dcscendi. 
bout  100  raidi  from  iu  onlccop,  reelioniag  in  the  direction  of  the  slope  of  the  de- 
e,  it  is  divided  into  two  portions  or  branches,  which  are  separated  from  each  othtt, 
i^oDt  the  whole  known  depth,  by  a  igntK  of  very  bard  els;  ilale,  whieh  passes  iulo 
'  alate.  The  substances  compoung  the  workable  mass  are  copper  and  iron  pjiite* 
■nlphnret  of  lead  (galena),  accompanied  by  quartz,  carbonate  of  lime,  compact  sol- 
!  of  baryta,  and  sometimes  graj  copper  ore,  snlphnrcl  of  tine,  and  araenical  pTrilac 
BKs  of  lead  and  copper  contain  silver  and  gold,  bat  in  tmall  proportion,  panienlartf 
the  last. 

miae  so  ancient  as  that  of  Rammelsbeig,  and  which  was  formerly  divided  among 
•1  adventurous  companies,  cannot  ttH  to  present  a  great  many  shads  and  eiean- 
t  bnl  out  of  the  15  pits,  only  iwo  are  employed  for  the  present  workings  ;  namely, 
marked  a  b  and  k  r,  in  fig.  736,  by  which  the  whole  extraction  and  drainage  ua 
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led.  The  genend  system  of  eiploilalion  by  file,  as  practised  in  this  mine,  consists 
s  following  operations : — 

An  advance  is  made  towards  the  depoules  of  ore,  successiTely  at  djflerent  levell, 
msverse  galleries  which  proceed  ftom  the  shaA  of  eitreetion,  and  terminate  at  the 
of  the  stratiform  mass- 
There  is  fbrmed  in  the  level  to  be  worked,  large  vaults  in  the  heart  of  the  ore,  by 
a  of  Are,  as  we  shall  presently  describe. 

The  floor  of  these  vanlls  is  raised  up  by  means  of  terraces  formed  from  the  mbbidi, 
Iponion  as  the  roof  is  scooped  out. 

The  ores  detached  by  the  Sre  flom  their  bed,  are  picked  ud  galbereS ;  sometime* 
iiger  blocks  are  blasted  with  gunpowder. 

Lastly,  the  ores  thus  obtained  are  wheeled  towards  the  shaft  of  extraction,  and 
1  ont  to  the  day. 

t  ns  now  see  how  the  excavation  by  fire  is  practised ;  and  in  that  view,  let  ns  coik- 
Q»  sUte  of  the  workings  in  the  mines  of  Rammelabei^  in  1809.  We  may  remark 
-.  736  the  regularity  of  the  vaults  previonsly  scooped  out  above  the  level  b  c,  and 
ther  vaults  which  are  in  full  activity  of  operation.  It  is,  therefore,  towards  the 
'  levels  that  the  new  workings  must  be  directed.  For  this  purpose,  (he  transverse 
T  being  already  completed,  there  is  prepared  on  the  first  of  these  floors  a  vault  of 
Italioo  at  *,  which  eventually  is  to  become  similar  to  those  of  the  superior  levels, 
e  Mme  time,  there  is  commenced  at  the  starting  point  below  it,  reached  by  a  small 
du  in  the  line  of  the  mineral  deposite,  a  transverse  gallery  in  the  rock,  by  means 
iSUng  with  gnnpowder.  The  rock  is  also  attacked  at  the  surting-pojnt  by  a  similar 
rUeli  advances  to  meet  the  first  perforation.  In  this  way,  whenever  the  vaults  of 
:Tel  c  are  eihausled  of  ore  and  terraced  op  with  rubbish,  those  of  the  level  beneath 
I  be  in  nrn  activity. 

len  will  then  be  prepared  sit  a  lower  level ;  and  the  exploitation  may  aAerwards  he 
1  below  this  level  by  pursuing  the  same  plan,  by  whieh  the  aetnal  depth  of  excava- 
lat  been  gained. 

■rollings  by  fire  we  mnsi  distinguish,  I.  The  case  where  it  is  neecessary  to  opea 
lit  immediately  from  the  Boor ;  2.  The  case  where  the  vantl  having  already  k 
a  elevation,  it  i»  necessary  to  heighten  its  roof.  In  the  former  case,  the  wall  or  floor 
■  mineral  deposite  is  first  penetrated  by  blasting  with  gunpowder.  As  soon  as  this 
tation  is  effected  over  a  certain  length,  parallel  to  the  direction  of  the  fatnre 
,  as  happens  at  b,  there  is  arranged  on  the  bottom  a  horizontal  layer  of  billets  of 
ri,  over  which  other  billets  are  piled  in  nearly  a  vertical  position,  whieh  rest  npoa 
<^  M  that  the  flame  in  its  expansion  comet  to  play  against  the  mineral  mtn  to  be 
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detached.  When  afler  some  simUar  operations,  the  flame  of  the  pile  can  no  hmga 
reach  the  ore  of  the  roof  on  account  of  its  height,  a  small  terrace  of  rubbish  most  ke 
raised  on  the  floor  of  the  deposite ;  and  over  this  terrace,  a  new  pile  of  fagots  is  to  te 
heaped  up  as  above  described.  The  ancient  miners  committed  the  fault  of  constant^ 
placing  such  terraces  close  to  the  roof,  and  consequently  arranging  the  fagots  agaiail 
this  portion  of  the  ore,  so  that  the  flame  circulated  from  the  roof  down  to  the  floor. 
The  result  of  such  procedure  was  the  weakening  of  the  roof,  and  the  loss  of  moeb  of  the 
ore  which  could  not  be  extracted  from  so  unstable  a  fabric ;  and  besides,  much  moie 
wood  was  burned  than  at  the  present  day,  because  the  action  of  the  flame  was  disfipatf^ 
in  part  against  the  whole  mass  of  the  roof,  instead  of  being  concentred  on  the  portion  of 
the  ore  which  it  was  desired  to  dislodge.  Now,  the  flame  is  usually  made  to  circulate 
from  the  floor  to  the  roof,  in  commencing  a  new  vault. 

When  the  vault  has  already  a  certain  height,  care  is  always  taken  that  between  the 
roof  of  the  vault  and  the  rubbish  on  which  the  pile  is  arranged,  no  more  than  two  yardi 
of  space  should  intervene,  in  order  that  the  flame  may  embrace  equally  the  whole  eos- 
eavity  of  the  vault,  and  produce  a  uniform  effect  on  all  its  parts.  Here,  the  pile  if 
formed  of  horizontal  beds,  disposed  crosswise  above  one  another,  and  presents  four  free 
vertical  faces,  whence  it  has  been  called  a  chest  by  the  miners. 

It  is  usually  on  Saturday  that  the  Are  is  applied  to  all  the  piles  of  fagots  distributed 
through  the  course  of  the  week.  Those  in  the  upper  floors  of  exploitation  are  fint 
burned,  in  order  that  the  inferior  piles  may  not  obstruct,  by  their  vitiated  air,  the  com- 
bustion of  the  former.  Thus,  at  4  o'clock  in  the  morning,  the  flres  are  kindled  in  the 
upper  ranges  ;  from  pile  to  pile,  the  fireman  and  his  assistant  descend  towards  the  lower 
floors,  which  occupies  them  till  3  o'clock  in  the  aflemoon.  Vainly  should  we  endeavor 
to  describe  the  majestic  and  terrific  spectacle  which  the  fire  presents,  as  it  unfolds  its 
winss  under  its  metallic  vaults,  soon  filled  with  vast  volumes  of  smoke  and  flame.  Letos 
mark  the  useful  eflect  which  it  produces. 

When  the  fiame  has  beat  for  a  few  instants  on  the  beds  of  ore,  a  strong  odor  of 
sulphur,  and  sometimes  of  arsenic  is  perceived ;  and  soon  thereaAer  loud  detonatioos 
are  heard  in  the  vaults.  Suddenly  the  flame  is  seen  to  assume  a  blue  color,  or  even  t 
white ;  and  at  this  period,  after  a  slight  explosion,  fiakes  of  the  ore,  of  greater  or  less 
magnitude,  usually  fall  down  on  the  fire,  but  the  chief  portion  of  tiie  heated  miaeial 
still  remains  fixed  to  the  vault.  The  ores  pass  now  into  a  shattered  and  divided 
condition,  which  allows  them  afterwards  to  be  detached  by  long  forks  of  iron.  In  this 
manner  the  fire,  volatilizing  entirely  some  principles,  such  as  sulphur,  zinc,  arsenic,  and 
water,  changing  the  aggregation  of  the  constituent  parts  of  the  ore,  and  causing  fiasvei 
by  their  unequal  expansibilities,  facilitates  the  excavation  of  such  materials  as  resist  hf 
their  tenacity  the  action  of  gunpowder. 

The  comlltistion  goes  oa  without  any  person  entering  the  mine  from  Saturday  even- 
ing  till  Monday  morning,  on  which  day,  the  fireman  and  his  assistants  proceed  to 
extinguish  the  remains  of  the  bonfires.  On  Monday  also  some  piles  are  constructed  in 
the  parts  where  the  effect  of  the  former  ones  has  been  incomplete ;  and  they  are  kindled 
afler  the  workmen  have  quitted  the  mine.  On  Tuesday  all  hands  are  employed  in 
detaching  the  ores,  in  sorting  them,  taking  them  out,  and  preparing  new  piles  agaiastthe 
next  Saturday. 

The  labor  of  a  week  consists  for  every  man  of  five  posts  during  the  day,  each  of  8 
hours,  and  of  one  post  of  four  hours  for  Saturday.  Moreover,  an  extra  allowance  is  made 
to  such  workmen  as  employ  themselves  some  posts  during  the  night. 

The  labor  of  one  compartment  or  atelier  of  the  mine  consists  therclbre  in  arrangiDg 
the  fagots,  in  detaching  the  ore  which  has  already  experienced  the  action  of  the  fire,  ia 
breaking  the  blocks  obtained,  in  separating  the  ore  from  the  debris  of  the  pile,  and, 
whenever  it  may  be  practicable  or  useful,  in  boring  holes  for  blasting  with  gunpowder. 
The  heat  is  so  great  in  this  kind  of  mine,  that  the  men  are  obliged  to  work  in  it  without 
clothing. 

We  have  already  remarked,  that  besides  the  working  by  fire,  which  is  chiefly  used  here, 
recourse  is  sometimes  had  to  blasting  by  gunpowder.  This  is  done  in  order  either  to  re- 
cover the  bottom  part  or  ground  of  the  vaults  on  which  the  fire  can  act  but  imperfectly, 
to  clear  away  some  projections  which  would  interfere  with  the  effect  of  the  pile,  or  lastly 
to  strip  the  surrounding  rock  from  the  mass  of  the  ore,  and  thence  to  obtain  schist  proper 
for  the  construction  of  the  rubbish-terraces. 

The  blasting  process  is  employed  when  the  foremen  of  the  workshop  or  mine- 
chamber  judge  that  a  hole  well  placed  may  separate  enough  of  ore  to  pay  the  time,  the 
/epair  of  tools,  and  the  gunpowder  expended,  fiut  this  indemnification  is  rarely  obtain- 
ed. The  fcdlowing  statement  will  give  an  idea  of  the  tenacity  which  the  mineral  depoiite 
often  presents. 
Ja  2808,  in  a  portion  of  the  Rammelsberg  mine,  the  ore,  consisting  of  eztremel|f  eoo- 
pMct  inm  uad  copper  pyrites,  wis  attacked  by  a  single  man,  who  bored  a  mining  hol^ 


After  11  piMla  of  otMinate  Ikbor,  oecapying  altofether  SB  htnm,  Ihe  irorkmui,  boBg 
TisJloDlly  superintended,  hod  been  able  to  kdvance  the  hole  to  a  depth  of  no  more  Uun 
4  inches  \  in  doing  which  he  had  rendered  entirdf  unierviceable  126  punche*  or  boreri, 


gnnpowder  trn  required  Tor  blaatii^  the  bore.  Il  was  foand  from  ■  calculation  made 
npon  these  facts  by  the  admin istiation  of  mines,  that  every  inch  deep  of  thia  bole  eoM, 
St  their  Ion  price  of  labor,  nearly  a  Sarin,  value  two  sbillingg  and  mpence. 

It  is  therefore  eTidenl  that  lhoai;li  the  timber,  of  vbich  the  eoasumption  ii  prodigioual; 
great,  were  much  lesa  abundant  and  dearer  than  it  still  ts  at  RammeUberg,  mining  by 
fire  would  be  preferable  lo  every  other  mode  of  exploitation.  It  ia  even  cerlatn,  thai 
on  any  lupposilion,  ibe  employment  of  gunpowder  would  not  be  practicable  Tor  every 
part  of  the  mine ;  and  if  fuel  eame  to  fail,  it  would  be  requisite  to  renounce  the 
workingi  at  Rammelsber^,  although  this  mountain  still  contain*  a  large  qoonlily  of 

If  in  all  mine*  the  free  cireulatiou  of  air  be  an  object  of  the  highest  importance,  we 
masl  perceive  how  indispensable  il  must  be  in  every  part  of  a  mine  where  the  mode  of 
exploitation  maintains  the  temperature  of  the  air  at  112°  Fahr.,  when  the  workmen  return 
into  it  ader  the  combullion  of  the  piles,  and  in  which  betides  il  is  necessary  that  this 
cmnboslion  be  effected  with  activity  in  their  absence.  But  in  consequence  of  the  extent 
and  mutual  ramifications  of  the  workings,  th^  number  of  the  shafts,  galleriet,  and  their 
differences  of  level,  Ihe  venlilalioa  of  Ihe  mine  is  in  a  manner  sponlaneausly  mainlained. 
The  high  temperature  is  peculiarly  favorable  to  il.  The  aid  of  art  consists  merely  in 
.  placing  tome  doors  judiciously,  which  may  be  opened  or  shal  at  pleasure,  lo  carry  on 
Ihe  circulation  of  Ibe  air. 

In  considering  Ihe  Rammelibei^  from  its  summit,  which  rises  about  400  yard* 
above  Ihe  town  of  Goalar,  we  observe,  first,  beds  of  slaty  sandstone,  which  become  Ihe 
nxMV  horizontal  the  nearer  Ihsy  approach  to  the  surface.  At  about  160  yards  below 
the  top  level  Ihere  occurs,  in  the  bosom  of  the  slaty  graywacke,  a  powerful  stratum  of 
•helU  impasted  in  a  fermginouB  sandeloue.  See  d.  Jig.  730.  In  descending  towards  the 
737  face  of  the  ore,  the  parallel  stratification  of  the  day-slate 

which  forms  its  walls  and  roof  grows  more  and  more 
mauileat.  Here  the  slate  is  black,  compact,  and  thinly 
,  foliated.  The  inclination  of  the  different  beds  of  rock 
is  indicated  at  b.  The  substance  of  the  workable  mass 
is  copper  and  iron  pyrites,  along  with  siUpbaret  of  lead, 
accompanied  by  quartz,  carbonale  of  Lme,  compact  snl- 
phale  of  baryta,  and  occasionally  gray  copper  [faUtrt), 
sulphnrel  of  zinc,  and  arsenical  pyrites. 

The  ores  are  argenliferoos  and  auriferous,  but  very 
slightly  so,  especially  as  lo  Ibe  goU.  Il  is  the  ores  of 
lead  and  capper  wbieb  contain  the  silver,  and  in  the  latter 
the  gold  is  found,  bul  without  its  being  well  ascertained  in 
what  mineral  it  is  deposited.  Sometimes  the  capper 
occurs  in  the  native  stale,  or  as  copper  of  cementation. 
—  Beaulifal  crystals  of  sulphate  of  lime  are  found  in  the  old 
DI^     workings. 

In  figi.  736, 737,  a  a  U  Ihe  shall  of  extraction,  called 
the  KahneiJctOdtT  ;  n  is  the  ventilation  shafl,  called  Bnil- 
lingtnctttiriduitlii ;  F  is  the  extraction  shaft,  called  Jmin-- 
tchacht, 

K  F,  is  a  new  extraction-shaft,  called  Iftntr  frntirAodU, 
by  which  also  the  water  is  p\imped  up;  by  A  s,  and  e  r, 
the  whole  extraction  and  draining  are  carried  on.  The 
ores  are  raised  in  these  shafts  lo  the  leve!  of  the  wagon- 
gallery  (galerit  dt  toulagi)  i,  by  Ibe  whims  I,  g,  provided 
with  ropes  and  buckets.  I,  2,  3,  i,  fig.  736,  represent 
the  positions  of  four  water-wheels  for  working  the  whims; 
Ihe  first  iwo  being  employnl  in  extracting  the  ores,  Ihe 
last  two  in  draining.  The  driving  stream  is  led  to  the 
wheel  I,  along  the  drift  I ;  whence  il  falls  in  succession 
4.     The  general  system  of  wodiing  conaisls  of  the  followinf 

i  got  at  by  Ihe  tranivette  galleries,  n,  %  o, ;,  a,  *,  which  bnn^ 
shaft,  and  terminate  at  Ihe  wall  of  Ihe  u  ' 


2.  Great  Ttoht  are  scooped  oi 


It  the  level  of  the  workings,  by  m 


a»  MINES. 

3.  Gieit  vidIU  its  leooped  out  «( the  leTsI  or  Ihe  voikingi,  by  meuu  of  fire  ; 

3.  The  n>o&  of  theM  tiuIii  are  progrenively  propped  niCh  moiiDdi  of  lubbiih  i 

4.  Tbe  OKI  ihiu  delHched,  or  b;  btudng  wiiji  gunpowder,  ire  Ihea  coUecled  ; 
6.  Lualj,  liter  «ra  wheeled  one  to  ihe  day  ;  uid  wuhed  oeu  i.^ 

CoaTAmuiTE  TiSLE  of  celebrated  Minei  id  Euxon  and  AnucA.     By  F.  Bon,  E^ 
{^rttirly  Mining  Rerieic  jar  July,  1835.  p.  Gd 
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CoxFAHATiTX  TiBLi  of  Celebrated  Minbs  in  Eukofs  and  America. 

By  F.  Burr,  Eaq.—Contimud, 
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UlflTBV  BUH 


DAXD 
IS. 


(At  pnacnt  th«  ridiMt 
miaM  in  dmiwaU.) 


At  Woolf's  >i^Hi  ihafU 
IS  fkthouu.  Tm  Avann 
depUi  of  iha  adit  at  tS« 
oiiar  anfiiM-ahafta  i« 
aboot  10  or  40  fathoms. 

Variea  from  1,000  lo  1,000 
f  alJona  per  aiouta. 


About  no  fatbomi  at  tlM 
eooaolidalad  minaa,  at 
tb«  anitad  minaa,  about 
110  fatboma. 

9  ateam-tnfinoB ;  I  of  90- 
ioeb  cyiindar,  S  of  U,  I 
of  80,  and  I  of  85.  A 
waur  wheal,  48  faat  in 
diamatar. 

MOO  eooatantlj  at  worir, 
or  a  total  nomber  of 
above  4,J0O. 


ll,7D0i:  takinr  the 
avarafa  of  uia  laat 
tanTaara. 

16,400  too*  of  eoppar 
ore,  a  few  tons  oi  tin 
ore. 

1,S17  tone  of  faa  cop- 

K,  a  little  tin. 


9M00L  azelosive  of 
lOTd'a  dues;  96,500/. 
ine  Indinf  lord'i  daea. 

Sl/XXIL  per  annum. 

75,0002. 


no  per  cent,  after  pay- 
ing bacic  the  orif  inal 
capital. 

CoHa  excluiiTe  of  lord's 
dues,  78  par  cent. 


pi 
I 

i 

o 


Vbta  Geamdb  MWBt. 

mttharieha 
in  Masico.) 


(At  erasant  the  riehaat 
BUaaai 


Thara  k  no  adit  tp  thia 


About     80     fallooa     par 
minuta. 


MniB  OP  Valbncuiia. 

(KiehaatofthaMaBiean 

minaa  at  the  baf  tnninf  of 

tha  preaant  eenturj.) 


Thara  ia  no  adit  to  this 


About  1,500  persona,  of 
whom  about  1,450  are 
cmplojrad  under  cround. 

Probably  about  3  ahiUinft 
on  an  arerafe. 


Sold  to  tho  aanalttof  eon^ 
paniss,  and  amaltad  bj 
them  at  Swanaaa,  in 
South  Wales.     • 


On  an  aTaraf*  about  liO 
fathoma. 


Oauallj  10  malaeataa.* 


I    horsea    eonatantly' 
workiari  or  a  toul 
number  of  about  100 
horses. 


10,000L  per  annum. 


81,380    tona    of  aflvar 
ore. 

153,000    Iba.    troy    of 

stiver. 
4I3,400<.  par  annum. 

851,1 70L  per  annum. 

171,t40L  par  anuum 
130,00«. 


Nearly  TOO  per  cent, 
after  paying  back  tha 
ori^oal  capital. 

About  59|  per  cant. 


About  900,  of  whom  nearly 
600  are  employed  under 
rround. 

About  8  or  0  ahilU^fs  per 
day. 


Cbialy  laducad  by  the 
company  at  tha  hacienda 
af  Sancada,  by  smeltinf 
and  aaalfamatioo. 


Tha  Yalaneiana  was  a  dry 
mina  from  iu  com- 
roeneament  hi  I76D  to 
1780.  whan  it  Irst  ba- 
cama  troubled  with 
watar,  hi  conaaquanca  of 
aoma  of  tha  workinga 
bainf  inadvartantlY  com- 
muniiDatad  with  taa  ad- 
Jotninf  mina  of  Tapcyae; 
which,  alihoi^  upon 
tha  aama  vain,  was  ez- 
tramaly  wet.  The  quan- 
tity of  water  raiaad  durinf 
tha  lata  worktnf  appears 
to  have  bean  about  110 


Slona  par  minute*  but 
laruli 
much  laaa. 


larular  inl^  was 


810  fathoma. 


A  ataam-anflna  of  D  inch 
eyliodar,  and  •?   mala- 
eatca. 


65  horaea  eenatantly  at 
wocfc,  or  a  total  number 
of  about  too. 


About      40,QO0L     per*) 
annum. 


SMOO  tana  of  ailvar 
ore. 

811,900  Iba.  troy  ailver. 

About  600,0001. 

197,900<.  per  annom. 

118,7501.  per  annum. 

Cannot  be  aacertMoed, 
but  known  to  hnva 
bean  vary  email. 


I 
I 

1 


Not  known,  but  cer- 
tainly many  hundred 
per  cent. 

CosU  60  per  cant.  In 
the  nine  yean  faUow- 
inf,  the  proportion 
was  80  per  eent.f  at 
the  and  of  that  time 
the  working  of  the 
mine  waa  atoppad  by 
the  revolution,  in  the 

Sar  1800. 
.     )  Indiana   and  Ifasti- 
toes,  of  wliom  1800  are 
amidoyed  under  ground. 
From  4  to  5  shillinga. 

1,480  cwu;  value  I5,810L 

Sold  to  the  Jbeeolarforas, 
and  reduced  by  smelting 
and  amalgamation  at 
haeiendnai  m  the  neigh- 
bourhood of  Gutpaznato 


Mink  or 
HniKBMr6ssT. 

(Richest  of  the 

Sazon  mines  at  tha 

beginning  of  the 

preaent  century.) 


The  adit  at  tha  abaft 
called  Fraidktit' 
tehaekt^  ia  47  fa- 
thoma in  depth. 


50       gallooa 
minuta. 


P« 


m 


Two  water-wheels, 
each  41  fhct  in 
diameter. 


16  heraee  coo- 
atantly  at  work, 
or  a  total  num- 
ber of  about 
50. 

Cannot  be  aaear- 
tained,  but 
evidently  very 
smalL 

610  tons  of  silver 
ore. 

6^160  Iba.  troy  of 

silver. 
About  18,000L 

94001.  per  an- 
num. 

ti560L     per   an- 


Caonot  be  aaoar- 
tained,  bu4 
probably    very 


Not  known,  but 
jgably    very 

Coau     71       per 
cent. 


TOO  mincra,  of  wi 
550    are    employed 
under  grounii. 

About  la.  64.  per 
day. 

140  cwt.:  value 
1,070/. 

Delivered  to  tha 
Government,  re- 
duction works  ta 
tha  netghbourhood 
of  Frayberg,  where 
they  are  partly 
amelted,  and  port- 
ly aomlgamatad. 


VENTILATIOir  OF  lOirSS. 


men  penetrate  by  narrow  passages  into  the  interior  of  the  earth,  their  Jf^fpr* 
noil,  to  the  combustion  of  candle  and  gunpowder,  are  not  long  of  vitiating 
The  decomposition  of  wood  contributeii  to  the  same  effect,  as  also  tha 
3ed  itself,  especially  in  coal  mines,  by  the  carburetted  hydrogen  and  carbonic 
ived,  and  from^the  abeoiption  of  oxygen  by  pyiitea.  In  tdkel^  cmm^  mttsoBil 
'  f^HHot  an  dmngaged.   Hence  the  neeeankf  tf  iii»iiWTOim%  laoL  ~~^ 


888  Hnrr. 

temnean  cavities  a  continual  circulation  of  air,  which  may  renew  the  atmosphere  rood 
the  miners.  The  whole  of  the  means  employed  to  produce  this  effect,  constitatet  utei 
ii  called  the  ventilation  of  mintM. 

These  means  are  divided  into  natural  and  artificial.    The  natural  memu  are  the  eiv* 
rents  produced  by  the  difference  of  density  between  the  air  of  mines  and  the 
air ;  the  artificial  are  air-exhausters  or  condensers,  fires,  &c. 

The  temperature  of  the  air  of  the  subterranean  workings  suipasaei  the  mean 
peratiire  of  the  place  in  which  the  mine  is  opened.  Hence  it  is  lighter  in  winto, 
but  in  summer  of\en  heavier  than  the  air  of  the  atmosphere.  For  this  reason,  whoi  thi 
mine  presents  two  openings  at  different  levels,  the  air  naturally  flows  out  by  the  molt 
elevated  in  winter,  and  by  the  lowest  in  summer.  We  may  talM  advantage  of  tkii 
circumstance,  to  lead  the  air  into  the  bottom  of  even  a  very  long  gallery,  opening  iaH 
the  side  of  the  mountain,  by  piercing  a  shafl  into  its  roof  at  some  distance  from  the 
entrance,  and  dividing  the  gallery  by  a  horizontal  floor  into  two  parts,  which  have  li 
mutual  communication,  except  at  the  furthest  extmnity — the  upper  part  conmiaakt* 
ting  with  the  shaA,  and  the  under  with  the  mouth  of  the  gallery.  If  the  two  compnt- 
ments  have  different  dimensions,  the  air  in  the  smaller  sooner  comes  into  an  eqoilibiini 
of  temperature  with  the  rock ;  and  the  difl'erence  of  temperature  of  the  two  compart- 
ments is  sufficient  to  produce  a  current.  If  a  streamlet  of  water  flows  through  thk 
gallery,  it  facilitates  the  flow  of  the  air  along  the  lower  compartment.  If  m  mine  has 
Severn!  openinirs  situated  on  the  same  level,  it  rarely  happens  but  some  peculiar  circan- 
stance  destroys,  during  the  colds  of  winter  and  the  heats  of  summer,  the  equilibrium  <i 
the  air.  But  in  spring  and  autumn,  when  the  external  air  is  nearly  of  the  same  toa- 
perature  with  that  of  the  mines,  the  above-named  causes  are  almost  aJways  too  feeble  Is 
excite  nn  is.«uing  current.  This  effect  is,  however,  frequently  obtained  by  raising  OTcr 
one  of  the  shafts  a  chimney  20  or  30  yards  high,  which  alone  produces  th^ffect  of  aa 
opcnins:  at  a  different  level.  It  has  been  remarked  that  stormy  weather  usually  deranges 
every  system  of  ventilation.    See  Pffcoal  and  Ventilation. 

MINIUM.  (Eng.  and  Fr. ;  Red  lead;  Afennige,  Germ.)  This  pigment  is  a  peeuhu 
oxyde  of  lead,  consisting  of  two  atoms  of  the  protoxyde  and  one  of  the  penoxyde ;  but,  ai 
found  in  commerce,  it  always  contains  a  little  extra  protoxyde,  or  yellow  masaioot.  It 
is  prepared  by  calcining  lead  upon  a  reverberatory  hearth  vrith  a  slow  fire,  and  freqoeat 
renewal  of  the  surface  with  a  rake,  till  it  becomes  an  oxyde,  taking  care  not  lo  fuse  it. 
The  calcined  mass  is  triturated  into  a  fine  powder  in  a  paint  mill,  where  it  ia  elnliialei 
with  a  stream  of  water,  to  carry  off  the  finely  levigated  particles,  and  to  depoehe  then 
aflerwanls  in  tanks.  The  powder  thus  obtained,  being  dried,  is  called  masaioot.  It  if 
converted  into  minium,  by  being  put  in  quantities  of  about  50  pounds  into  iron  tiay^ 
1  foot  square,  and  4  or  5  inches  deep.  These  are  piled  up  upon  the  reverberatory  heuth, 
and  exposed  during  the  night,  for  economy  of  fuel,  to  the  residuary  heat  of  the  fnraaee^ 
whereby  the  massicot  absorbs  more  oxygen,  and  becomes  partially  red  lead.  This,  after 
beins  stirred  about,  and  subjected  to  a  similar  low  calcining  heat  once  and  again,  will  It 
found  to  form  a  marketable  red  lead. 

The  best  minium,  however,  called  orange  mine,  is  made  by  the  slow  caleinatioB  of 
good  white  lead  (carbonate)  in  iron  trays.  If  the  lead  contains  either  iron  or  eopper, 
it  affords  a  minium  which  cannot  be  employed  with  advantage  in  the  manofactaw  of 
flint-glass,  for  pottery  glazes,  or  for  house-painting. 

Dumas  found  several  samples  of  red  lead  which  he  examined  to  consist  of  the 
chemical  sesquioxyde  and  the  protoxyde,  in  proportions  varj'ing  from  50  of  the  former 
and  50  of  the  latter,  to  95-3  of  the  former  and  4*7  of  the  latter.  The  more  oxygen 
gas  it  gives  out  when  heated,  the  better  it  is,  generally  speaking.  See  Nafui 
Yellow. 

MINT,  (itfonnate,  Fr. ;  Munze,  Germ.)  The  chief  use  of  gold  and  silver  is  to 
serve  for  the  medium  of  exchange  in  the  sale  and  purchase  of  commodi^ea,  a  functicii 
for  which  they  are  pre-eminently  fitted  by  their  scarcity,  by  being  unalterable  by  eoa- 
mon  agents,  and  condensing  a  great  value  in  a  small  volume.  It  would  be  very  incoo- 
venicnt  in  general  to  barter  objects  of  consumption  against  each  other,  because  their 
carriage  would  be  expensive,  and  their  qualities,  in  many  cases,  easily  iiynred  by 
external  agents,  &c.  Gold  is  exempt  from  spontaneous  ^change,  and  little  costly  ia 
conveyance.  Mankind  at  a  very  early  period  recognised  how  much  easier  it  was  to 
exchange  a  certain  weight  of  gold  or  silver  for  objects  of  commerce,  than  to  barter  these 
objects  themselves ;  and  thenceforth  all  agreed  to  pay  for  their  purchases  in  bars  or  ingot! 
of  these  precious  metals.  But  as  their  intrinsic  value  depends  upon  their  purity,  it  b^ 
came  necessary  to  stamp  on  these  bars  their  standard  quality  and  their  weight. 

The  inconvenience  of  using  ingots  in  general  trade,  on  account  of  the  difllcnlty  of 
defining  fractional  values,  has  determined  governments  to  coin  pieces  of  money,  that 
is,  quantities  of  metal  whose  weight  and  standard  were  made  known  and  guarantied  by 
tlie  efligies  of  the  prince.    It  is  true,  indeed,  that  kings  have  become  ftequently  ooiuii 
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of  base  money,  bj  altering  the  weight  and  parity  of  the  pieces  apparently  gnarantied 
by  their  impress.  By  snch  redactions,  modem  coins  represent  less  of  the  precious  metal 
than  they  did  long  ago.  The  ordovmance  of  755,  for  the  coining  of  sous  in  France,  proves 
that  there  was  then  as  mach  fine  silver  in  a  single  sous  as  there  is  now  in  a  piece  of  5 
fhincs.  During  the  last  two  centuries,  indeed,  silver  coins  have  been  diminished  two 
thirds  in  weight.  ' 

Bat  since  knowledge  has  become  more  generally  diffused,  it  has  been  shown  that  these 
fimods  are  equally  injurious  to  the  prince  and  to  public  faith.  A  sovereign  may,  it  is 
trne,  declare  by  a  decree  that  a  shilling-piece  is  to  be  held  worth  five ;  but  let  us  consider 
the  consequences  of  this  decree.  All  the  individuals  who  have  rents  or  capital  sums  to 
receive  will  be  ruinsd,  by  getting  in  metallic  value  only  one  fiflh  of  what  is  due  to  them ; 
for  although  the  nominal  value  shoald  be  the  same  as  what  they  are  entitled  to,  the 
intrinsic  value  would  be  but  a  fiAh  of  the  former ;  so  that  when  they  go  to  purchase  the 
necessaries  or  comforts  of  life,  the  dealer  who  sells  them  will  at  once  raise  their  price 
five-fold.  Each  article  of  merchndise  would  thus  acquire  a  nominal  price  5  times 
greater ;  and  he  who  had  laceifted  payment  of  a  debt  in  that  money  could  not  with  it 
procure  more  than  one  fiAh  of  the  goods  he  could  have  previously  commanded.  That 
firaodolent  law  would,  therefore,  favor  the  debtors  at  the  expense  of  the  creditors ;  and 
as  the  state  is  commonly  a  great  debtor,  especially  when  it  has  recourse  to  the  deprecia- 
tion of  the  currency,  it  is  obvious,  that  however  illicit  the  gain  which  it  makes,  it  still 
does  gain ;  and  this  is  the  reason  why  princes  have  so  oAen  tampered  with  the  mint. 
Bat  let  us  examine  the  other  consequences  of  this  decree. 

If  the  sovereign  is  a  debtor,  he  is  also  a  creditor  and  consumer,  and  even  the  most 
considerable  of  any.  The  taxes  which  he  imposes  are  paid  him  in  this  deteriorated 
money,  returned  to  him  at  its  nominal  value;  and  the  purveyors  of  his  armies,  h:s 
baildings,  and  his  household,  sell  him  their  commodities  only  at  the  actual  market 
price.  We  may  infer  from  this  simple  development  that  the  coin  with  which  he  pa>'s 
for  any  object  has  the  same  intrinsic  value  as  the  object ;  and  that  the  name  given  to 
the  coin  is  of  no  consequence.  The  prince  may  call  it  a  crown,  a  ducat,  or  a  rix-dollai 
at  his  pleasure ;  and  he  may  assign  any  value  to  it  that  his  caprice  may  suggest,  yet  this 
will  not  affect  its  value ;  for  this  is  fixed  beyond  his  control  by  the  general  nature  of 
things.  The  prince  may,  indeed,  at  the  outset,  have  profited  by  defrauding  his  creditors, 
and  by  authorizing  each  debtor  to  imitate  him,  but  he  will  soon  lose  whatever  he  may 
have  gained ;  and  he  will  thus  learn  to  his  cost  that  it  was  bad  policy  to  sacrifice  his 
diaracter  by  giving  an  example  of  a  fraud  so  truly  unprofitable  in  the  issue.  More- 
Ofver,  he  will  lose  still  as  much  in  the  following  years,  because  his  treasury  will  receive 
only  one  fifth  part  of  the  taxes,  unless  he  has  quintupled  the  imposts.  It  may  be  said, 
indeed,  that  he  might  do  the  one  thing  along  with  the  other.  But  every  one  knows  that 
this  power  is  neither  generally  permitted  to  princes,  nor,  if  it  were,  could  it  be  safely 
exercised.  Serious  political  crises  would  combine  to  endanger  the  stability  of  the  govern- 
ment ;  which  besides,  as  the  main  consumer  in  the  nation,  mast  lose  always  as  much  as 
it  seems  to  gain. 

It  is  therefore  manifest,  that  the  alteration  of  the  standard  and  weight  of  the  coinage 
is  at  once  a  crime  and  a  ruinous  action  fur  the  sovereign  power  to  commit ;  and  hence 
tneh  disastrous  measures  have  been  long  abandoned  in  all  well-regulated  states.  A  gold 
sovereign  is  intrinsically  worth  20  shillings,  minus  the  cost  of  coinage ;  for  were  it  worth 
more,  all  our  sovereign  pieces  would  be  exported  or  melted  down,  to  obtain  the  difference 
of  Tidae,  however  trifling  it  might  be ;  and  were  it  worth  less,  it  would  be  the  source  of 
loas  similar  to  what  the  state  occasions  when  it  depreciates  the  coin. 

To  comprehend  the  true  value  of  a  coin,  we  must  regard  this  piece  as  an  article  of 
merchandise,  whose  value  depends,  as  that  of  every  thing  else,  on  its  usefulness,  the 
erteem  in  which  it  is  held,  and  the  demaild  for  it  in  the  market.  Grain  increases  in 
valae  when  there  are  few  sellers  and  many  buyers ;  gold  and  silver  are  in  the  same  pre- 
dicament. The  value  of  these  metals  is  much  augmented,  indeed,  by  the  universal  cur- 
rency they  obtain  when  struck  into  money ;  a  value  additional  to  what  they  possess  as 
objects  of  the  arts.  This  value  of  the  precious  metals  changes  with  time  and  place,  like 
that  of  every  merchandise ;  their  abundance,  since  the  discovery  of  America,  has  greatly 
lowered  their  value ;  that  is,  with  the  same  weight  of  metal,  we  cannot  at  the  present 
day  purchase  the  same  quantity  of  com,  land,  wool,  &c.  as  formerly.  In  the  countries 
where  silver  abounds,  this  metal  has  less  value,  or,  in  other  terms,  commodities  are 
dearer.  Hence  the  metal  tends  to  resume  its  equilibrium  in  flowing  into  those  places 
where  it  is  rarer ;  which  means,  that  the  consumer  prefers  purchasing  his  commodities 
there,  rather  than  in  another  place,  if  he  can  easily  transport  them  to  where  they  are 


It  was  formerly  believed  that  a  country  is  rich  when  it  has  a  great  deal  of  gold  and 
silver ;  but  this  popular  illusion  has  passed  away.  Spain  has  never  been  poorer  than 
since  the  discovery  of  America,  because  its  national  industry  has  been  ruined,  and  the 
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capitals  merely  passed  through  its  hands  to  spread  over  the  rest  of  Earope,  from  nUd 
it  was  obliged  to  import  every  thing  that  its  want  of  home  manufactures  made  it  neeei- 
sary  to  procure  from  abroad.  We  may  add  to  these  the  prodigalities  of  the  eonrt,  whii^ 
supposing  its  wealth  inexhaustible,  tried  to  corrupt  all  the  ministers  of  the  other  powen, 
in  furtherance  of  the  chimera  of  universal  dominion.  The  richest  state  is  that  in  which 
there  is  most  industry,  whereby  the  inhabitants  may  procure  every  thing  indispensable  to 
the  conveniences  and  comforts  of  life.  Gold  as  a  useful  metal,  and  a  mediom  of  exchaoge, 
is  undoubtedly  very  precious,  and  an  adequate  quantity  for  these  exchanges  moat  be  had; 
but  as  it  is  good  for  very  little  besides,  na;,  a*  an  excess  is  even  hnrtfiU,  it  soon  begiM 
to  fly  of  itself  towards  the  places  where  it  is  more  needed  or  less  common. 

With  regard  to  the  relative  value  of  gold  and  silver,  several  details  have  already  bees 
given  in  our  view  of  the  mineral  wealth  of  the  globe.  Three  centuries  ago,  an  oanee 
of  gold  was  worth  at  London  or  Paris  10  ounces  of  silver ;  now  it  may  be  ezcliaiiged  ftr 
15  ounces  and  a  half. 

The  par  of  two  coins  results  from  the  comparison  of  their  weight  and  standard  fin^ 
ness.  Let  us  take  for  an  example  the  conversion  of  English  gold  sovereigns  worth  20 
shillings  or  a  pound  sterling,  in  relation  to  the  French  louis  of  20  francs.  The  standud 
of  the  sovereign  gold  is  0-917,  fine  gold  being  1000 ;  its  weight  is  125,256  gr.  En^isi^ 
or  7*980855  grammes;  by  multiplying  this  weight  into  its  standard,  we  have  m  prodset 
of  7*3 18444035;  this  is,  in  grammes,  the  quantity  of  pure  gold  contained  in  the  sovcragi 
piece.  The  piece  of  20  francs  has  a  legal  standard  of  0*9 ;  and  multiplying  this  number 
by  the  weight  of  the  louis,  6*45161  grammes,  we  find  that  it  contains  5'80i6449  of  pare 
metal.    We  then  make  this  proportion : — 

As  5*806449  :  20  francs  : :  7*31844  :  25*2079  francs;  or  the  valoe  of  the  English  sove^ 
reign  is  nearly  25*21  francs,  in  French  gold  coin.  A  similar  calculation  may  ht  made  for 
silver  coins.  The  French  rule  for  finding  the  par  of  a  foreign  gold  coin,  or  its  intrinsie 
value  in  francs,  is  to  multiply  its  weight  by  its  standard  or  litre,  and  that  product  by  31 
The  par  of  foreign  silver  money,  or  its  intrinsic  value  in  francs,  is  obtained  by  multiplyiog 
its  weight  in  grammes  by  its  standard  in  thousand  parts,  and  by  2.  The  French  5>-fiaiie 
piece  has  its  standard  or  titre  at  0*9,  and  weighs  25  grammes. 

The  assaying  of  gold  for  coin  and  trinkets  requires  very  delicate  management.  The 
French  take  half  a  gnunme  at  most  (about  7^  grains)  of  gold,  and  fuse  it  with  thrice  its 
weight  of  silver,  as  already  described  under  Assay.  The  parting  is  the  next  operataon. 
For  this  purpose  the  button  of  gold  and  silver  alloy  is  first  hamniered  flat  on  m  piece  of 
steel,  and  then  made  feebly  red  hot  in  burning  charcoal  or  over  a  lamp  flame.  After 
being  thus  annealed,  the  metal  is  passed  through  the  rolling  press,  till  it  be  eoa- 
vert^  into  a  plate  about  JL  of  an  inch  thick.  After  annealing  this  riband,  it  is  coikd 
into  a  spiral  form,  introducra  immediately  into  a  small  matrass  of  a  pear  shape^  aa  utKi 
matrass,  and  about  500  grains  of  nitric  acid,  sp.  grav.  1*185,  are  poured  over  it.  Hetf 
being  now  applied  to  the  vessel,  the  solution  of  the  silver  and  copper  alloys  ensues,  and 
af\er  22  minutes  of  constant  ebullition,  the  liquid  is  poured  ofi*  and  replaced  by  an  eqasl 
quantity  of  nitric  acid,  likewise  very  pure,  but  of  the  density  1*28.  This  is  made  to  boQ 
for  about  10  minutes,  and  is  then  poured  off,  when  the  matrass  is  filled  up  with  dist&led 
water  to  the  brim.  In  conclusion,  a  small  annealing  crucible  is  inverted  as  a  enp  over 
the  mouth  of  the  matrass,  which  is  now  turned  upside  down  with  a  steady  band;  the 
slip  of  metal  falls  into  the  crucible  through  the  water ;  which  by  sustaining  a  part  of  ill 
Weight  softens  its  descent  and  prevents  its  tearing.  The  matrass  is  then  dexteroesly 
removed,  without  letting  its  water  overflow  the  crucible.  The  water  is  gently  deeaated 
from  the  crucible,  which  is  next  covered,  placed  in  the  middle  of  burning  dutrcoal,  aad 
withdrawn  whenever  it  becomes  red  hot.  After  cooling,  the  metal  slip  is  weired  twy 
exactly,  whence  the  weight  of  fine  gold  in  tlie  alloy  is  known.  Stroni^er  acid  than  that 
prescribed  above  would  be  apt  to  tear  the  metallic  riband  to  pieces,  and  it  woold  be  difi* 
cult  to  gather  the  fine  paYticles  of  gold  together  again.  The  metallic  plate  beeomes  si 
last  merely  a  golden  sieve,  with  very  little  cohesion.  When  copper  is  to  be  sepaimted 
fh>m  gold  by  cupellation,  a  higher  temperature  is  requisite  than  in  cupelling  silver  coin. 

The  coining  apparatus  of  the  Royal  Mint  of  London  is  justly  esteemed  a  masterpieee 
of  mechanical  skill  and  workmanship.  It  was  erected  in  181 1,  under  the  direction  of  dw 
inventor,  Mr.  Boulton ;  and  has  since  been  kept  in  almost  constant  employment. 

The  melting  pots  {fig,  738)  are  made  of  cast-iron,  and  hold  conveniently  400  pomA 
of  metal.  They  are  ftimishol  with  a  spout  or  lip  for  pouring  out  the  metal,  aiMl  with 
two  ears,  on  which  the  tongs  of  the  crane  lay  hold  in  lifting  them  out  of  the  Aimaee. 
The  pot  rests  on  pedestals  on  the  grate  of  the  furnace,  and  has  a  ring  cast  on  its  edge 
to  prevent  the  fuel  falling  into  it.  Whenever  it  becomes  red  hot,  the  metal  properly  pi^ 
Itared  and  mixed,  so  as  to  produce  an  alloy  containing  0*915  parts  of  gold,  is  pat  in,  nl 
during  the  melting,  which  occupies  some  hours,  it  is  occasionally  stirred.  The  mooldi 
are  meanwhile  prepared  by  warming  them  in  a  stove,  and  thereafter  by  znMiiBg  thdr 


iadde  snrface*  with  a  clolh  dipped  in  oil,  by  which  meiiu  the  ingols  cmI  in  them  get 
•  beUer  surface.    Fig,  739  represcnU  ■  sida  view  of  Ihc  cnrriBge,  charged  with  its 


When  (he  proper  number  of  moulds  is  introdnced,  the  Krews  at  the  end, 
pteienlcti  at  1 1,  are  serirwed  fast,  to  fii  them  all  light. 
The  pot  of  fused  metal  is  Uded  out«if  the  furaBce  b;  the  crane  iflg.  740)  U 


iimne  round,  and  lowered  down  inio  Ibe  cmdle  /,  m, «,  o  of  Ihc  pourinE  machine, 
until  th*  rrn^  on  the  ed^e  of  it  rests  on  the  iron  hoop  n,  which,  b«inG  tcrcwed  light  up, 
hold*  it  secure,  and  the  crane-longs  are  removed.  One  of  the  auislanis  now  lakes  the 
wJDch  hanille  )  in  one  hand,  and  y  in  the  other.  By  taming  y  he  moves  (he  car- 
ri«^  forwotd,  fo  as  to  bring  the  first  mould  beneath  the  Up  of  the  melting  pot;  and  by 
turaiitt;  t,  he  inclines  the  pot,  and  pours  Ihe  metal  toio  the  mould.  He  then  Gils  ihe 
Mbcr  maulda  in  succession.  The  lirsl  portion  of  li(|uid  metal  is  received  in  a  small  iron 
■poon,  and  is  reserved  for  the  aBsay-maxler ;  a  second  sample  is  taken  from  the  centre 
rfthepor,  and  a  third  from  the  bollom  part.     Each  of  these  is  eiaroined  as  to  its  quality. 

The  ingots,  which  are  about  10  inches  long,  7  broad,  and  6  tenths  of  no  inch  thick,  are 
taw  carried  to  the  rolling  mill, 

Fig.  741,  where  a  represenis  a  large  ipur  vheel,  fixed  on  the  extremity  of  a  long 
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boriionUl  ihaft  B8,  extenditig  beneath  the  vholemiU.  TbiiirhecludthBft  ucdriTB 
bf  a  imaller  wheel,  Gied  on  the  main  or  flj-whcel  ihall  of  a  iteam  engine  cf  S^Jmhw 
power.  The  main  shaft  b  or  Ihe  rolling  mill  hae  whecli  c,  u,  >  fixed  apon  it,  to  gitt 
molioD  10  the  revpeclive  rollers,  which  are  mounted  at  f  and  t^  ia  itrOBg  iron  (ivlna, 
boiled  10  ihe  iron  Bills  a  a,  which  extend  through  the  whole  length  et  the  mill,  and  mt 
npon  the  masoory,  in  which  the  wheeU  are  concealed.    The  Iwa  targe  whcela  c  and  ( 

r've  mnliun  to  the  wheela  H,  i,  which  are  supported  on  bearings  bclwcea  two  itandaidi 
b,  bollnl  dawn  to  ibe  ground  sills.  On  the  ends  of  Ihe  axes  of  tbeaa  wkeelt  an  heida 
Ibr  the  recpplion  of  conpliag  boxes  d,  d,  which  unite  them  tn  shoit  comaectlng  ahafts 
I  L ;  and  these  afwin,  by  means  of  conplin;  boxes,  eonrey  motion  to  the  nppei  nllas 
(,  t,  of  each  pair,  at  r  and  o.  The  miildte  wheel  n  upon  the  main  shaA  ■  gixet  nolioa 
to  (he  loner  rollers  in  a  similar  manner.  Thus  both  the  rollers  (,/of  eackfrnne  teceite 
their  motion  Trom  the  main  shaft  with  equal  velocity,  by  meaos  oT  wheela  oT  lance- radiB^ 
which  act  with  much  more  certainty  than  the  small  pinions  usually  employed  in  roUiat 
mills  lo  connect  the  upper  and  lower  rollers,  and  cause  them  lo  move  logether. 

The  rolling  mill  contains  four  pairs  of  rollers,  each  driven  by  ils  train  of  wheel  wni; 
the  mill,  therefore,  consists  of  two  such  sets  of  wheels  and  rollers  as  are  repr«aeated  in 
OUT  liguie.  The  iwo  shafts  are  situated  paraW  lo  each  other,  and  receive  thcB-  tnatioa 
Horn  the  same  steam  engine.  This  admirable  rolling  mill  wai  erected  by  Johi 
Rennie,  Esq. 

The  ingots  are  healed  to  redness  in  a  furnace  before  they  are  railed.  The  two  In- 
naces  fot  this  purpose  are  situated  before  two  pairs  of  rollers,  which,  Don 'being  nxdlo 
consolidate  the  melal  by  rolling  whilst  hoi,  are  termed  breaking-dowa  rollers.  Two 
men  are  employed  in  this  operation  ;  one  taking  the  metal  from  the  foinaee  with  a  fair 
of  tonics,  inlrodnces  it  between  the  rollers ;  and  the  other,  ealcbing  it  a*  it  timet 
through,  lifts  it  over  Ibe  lop  idler,  aikd  returns  it  to  bis  reflow,  who  pots  it  Ibroa^ 
742  again,   having  previously  approximated  the 

rollers  a  titlle  by  their  adjuling  terews. 
After  having  been  rolled  in  this  manner  liiar 
or  five  times,  they  are  Tedueed  to  nraiiy 
two  tenths  of  an  inch  ifajek,  and  iaereased 
lengthwise  to  aboul  four  liniet  the  breadth  <i 
the  in^ot.  These  plates,  wh3e  still  warm, 
are  rubbed  over  with  a  dilute  acid  or  fidUi, 
to  remove  the  color  produced  by  the  beil, 
and  are  then  cut  up  into  narrow  «Up«  aoat 
Ihe  breadth  of  the  plate,  by  means  oT  the  eir- 
_  cular  shenrsyig.  742. 

This  machine  is  worked  by  a  spur-wheel  at  Ihe  extremity  of  the  main  abaft  ■  of  the 
lolling  mill  (jf«.  741.)  It  consists  of  s  framing  of  iron  a  a,  supporting  two  akaftsa  I, 
which  are  parallel  to  each  other,  and  move  t<H!ether  by  means  of  Iwo  equal  •pnr-wbecb 
c  c,  the  lower  one  of  which  works  with  the  teeth  of  the  great  wheel  abore  nentioBcd, 
upon  the  main  shaft  of  the  rolling  mill.  At  the  extremities  of  the  two  shafts,  wbeds 
or  circular  cutlers  are  Ried  with  iheir  edi;es  overlapping  each  other  a  little  way. 
r  represents  a  shelf  on  which  the  plate  is  laid,  and  advanced  forward  to  present  it  to  the 
cutter ;  and  □  is  a  ledge  or  guide,  screwed  down  on  it,  to  conduct  the  metal  and  to  ltf»- 
late  the  breadth  of  the  piece  to  be  cut  off.  Hence  Ihe  screws  which  fasten  down  Ihe 
ledce  ore  filled  in  oblong  holes,  which  admit  of  adjustment.  The  workman  hoklt  the 
plate  flat  upon  the  surface  f,  and  pushing  it  towards  the  shears,  they  will  lay  bold  et  it, 
and  dmvv  it  through  until  they  have  CQl  the  whole  lenEth.  The  divided  putt  are  also 
prevented  from  curling  up  into  scrolls,  as  they  do  when  cut  by  a  common  pair  of  ahears ; 
because  small  shoulders  on  e  and  o,  behind  the  calling  edi:e,  beep  them  ,iti«ighl.  Be- 
hind the  standard,  supporting  the  back  pivots  of  Ihe  shafts  b  a  of  Ihe  cutler,  ii  n  fiame  ( 
with  a  screw  m  tapped  through  it.  This  is  used  lo  draw  the  axis  of  the  upper  entter  v 
endwise,  and  keep  its  edge  in  close  contact  with  the  edge  of  the  other  entter  s.  Hk 
•lips  Of  ribands  of  ptnic  are  now  carried  to  the  other  two  pair*  of  rollers  in  the  nJUng 
mill,  whirh  arc  mnde  of  case-hardened  iron,  and  teller  polished  than  the  breaking-dowa 
rollers.  The  plates  nre  passed  cold  between  these,  lo  bring  Ihem  lo  exsetty  the  sow 
thickness;  whence  Ihcy  are  called  adjusting  or  planishing  rollers.  The  workman  here 
tries  every  piece  by  a  common  gauge,  as  it  comes  thmuph.  This  is  a  piece  of  ited 
baving  a  notch  in  it ;  the  inside  lines  of  which  are  very  straight,  and  inclined  to  cM 
another  nl  a  rery  acute  angle.  They  are  divided  by  fine  lines,  so  thai  the  edge  of  tk< 
plate  being  pressed  «nlo  the  nolch,  will  have  its  thickness  truly  determined  by  die  deptt 
to  which  it  enters,  the  divisions  showing  the  thickness  in  fractions  of  an  inch. 

In  rolling  the  plate  the  second  time,  all  Ibe  ptales  are  successively  paaaed  through  Ik 
lol1en>;  then  the  rollers  being  adjosled,  thejr  are  passed  Ihrongh  another  time.  TV" 
is  repeated  thrice  or  even  four  timesj  after  which  they  are  all  tried  bj  the  sange,  aM 


id  mto  u  many  iMTcels  u  there  ai 
e,  thai  Uicmgh  (he  rollers  are  do  lei 
roportiooklly  slroni,  the;  will  yield  ii 


differe; 


1  thicknetseg.    It  is  a 


IS  than  14  inches  in 

Eportiooally  slroni,  the;  will  yield  ia  some  degree,  k)  ss  lo  redace  a  Ihlek  plate  in  ■ 
:  iegnc  than  a  ihjn  one  j  ifani  the  platei  which  have  all  passed  llffonfih  the  ume 
rollen,  maj  be  of  3  or  4  dilTerent  devreea  of  tbicliaeu,  which  beinf  soiled  by  the  fauge 
into  as  many  parcels,  are  next  redoeed  lo  the  exact  dimension,  by  adapting  Ihe  roller!  to 
Meh  parcel.  The  Grsl  of  the  parcel  which  now  conin  through  is  Iri^,  by  cntling  out  ■ 
eircalar  piece  with  a  small  haad  machine,  and  weii^hin;  it.  ir  it  prove*  niher  loo  liE-hE 
or  too  heair,  the  rollers  are  adjasled  aceoidingty,  till  by  a  Tew  such  trials  they  are  Found 
to  be  correct,  when  all  the  parcel  is  roUed  Ihrouih.  The  trial  plates  which  Inm  out  lo 
be  too  thin,  are  returned  as  waste  lo  the  melt  ins -ho  use.  Bylhese  numerous  precaDtiont, 
Ihe  blanks  or  circular  discs,  when  cut  oui  by  the  nex(  machine,  will  be  very  nearly  or  the 
nme  weight ;  which  the^  would  scarcely  be,  even  if  Ihe  gauge  determined  all  the  platet 
to  Ihe  same  thickness,  because  some  being  more  condensed  than  others,  they  would  we^h 
ilifferently  under  the  same  volume. 

A  great  iinprovemeDl  has  been  made  on   that  mode  of  lamination,  by  the  late  Mr. 
Barton's  machine  for  equalizing  the  thickness  of  slips  or  metal  for  making  coin,  which 


hai  been  for  si 


introduced  ilito  ihe  Brilish  : 


A  side  Elevation  is  showD 


iajlg.  743,  and  a  plan  iafiif.lii.    It  operates  in  the  same  way  as  wire^nwing  mechan- 


infig.  743.    The  pincers  employed  lo  hold 


■Hii 


The  slips  of  metal  to  be  operated  on  by  Ihe  drawing  machine,  are  first  rendered 
diinner  at  one  end,  thai  Ihey  may  be  introduced  between  the  dies,  and  also  between  Ihe 
j«ws  of  the  pincers.  This  thinning  of  the  ends  is  effected  by  another  machine,  con- 
Mating  of  a  small  pair  of  rollers,  mounted  in  an  iron  frame,  similar  lo  a  rolling-mill. 
The  upper  roller  is  cylindrical,  but  the  lower  is  formed  with  3  Bat  sides,  leaving  merely 
pcHtioiis  of  the  cylinder  entire,  between  these  flat  sides.  The  distance  between  the 
centres  of  Ihe  rollers  is  regulated  by  screws,  furnished  with  wheels  on  their  upper  ends, 
■imilar  to  what  is  seen  in  the  drawing  dies  at  c.  The  two  rollers  have  pinions  on  their 
«»«»,  which  make  (hem  revolve  togelher;  they  are  set  in  motion  by  an  endless  strap 

Kning  round  a  drum,  upon  whose  axis  is  a  pinion  working  into  Ihe  teeth  of  a  whetd 
ed  upon  (he  axis  of  the  lower  roller. 

The  end  of  h  slip  of  metal  is  presen(ed  between  the  rollers  while  they  are  in  motion, 
BM  on  that  side  of  the  roller  which  would  operate  lo  draw  in  (he  slip  between  (hem,  aa 
in  the  rolling-press  above  described,  but  on  the  contrary  side,  so  that  when  one  of  the 
Bat  sides  of  the  uider  roller  fronts  horizontally  the  circumference  of  (he  upper  roller,  aa 
opening  is  formed,  Ihrongh  which  the  !ilip  of  metal  is  (o  be  inserted  unlit  il  bears  against 
a  Hied  stop  al  the  back  of  the  rollers.  As  the  rollers  continue  (o  turn  round,  the 
cylindrical  portions  come  opposite  to  each  other,  and  press  the  mcial  between  (hem, 
forcing  i(  ou(wards,  and  rendering  (he  part  which  has  been  introduced  between  the 
rollers  as  thin  as  the  space  between  their  cylindrical  snrfaces.  Thus  the  end  of  the  slip 
of  metal  becomes  attenuated  enough  lo  pass  between  the  dies  of  the  drawing  machine, 
•od  to  be  seized  by  Ihe  pincers. 

In  using  the  drawing  machine,  a  boy  takes  hold  of  Ihe  handle  i  of  (he  pincers,  (heir 
book  of  connexion  with  the  endless  chain  I,  I,  not  shown  in  the  present  Sgure,  being  dis- 
engaged, and  he  moves  them  upon  their  wheels  towards  (he  die-box  c.  In  this  move- 
ment the  jawi  tf  the  pinceti  get  opeoed,  and  they  tve  pushed  up  m  doM  to  tha 
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die-box  tlial  their  jam  ester  ■  hoDor,  which  bringi  them  near  the  din,  "tabling  tbca 
to  lOM  the  end  <^  the  Blip  of  metal  inirodueed  beiveen  them  by  Ihe  aetioa  «f  the  ftt- 
puttOfT  roUen.  The  boj  now  hold*  the  handle  >  on  the  top  of  the  pincen  Gut,  and  witk 
bit  other  hand  drawi  the  handle  jr  backwarda.  Thus  the  jaws  are  dosed,  and  the  mcttl 
£imlf  gtip«l.  He  now  presses  down  the  handle  x  till  a  hook  on  Ihe  under  tide  of  Iha 
pioeen  seizes  Ihe  eodlew  chain  as  ii  moves  along,  when  it  carries  the  pincen,  and  thek 
Blip  or  metal,  onwards  with  it.  WhencTcr  the  whale  length  of  the  metallic  riband  hat 
passed  through  between  the  dies,  the  sliain  on  Ihe  pineert  is  suddenly  reliejed,  whiA 
eaoses  the  weisht  r  to  raise  Iheir  hook  out  of  the  chain,  and  slop  Ibeir  motion.  The  m*- 
chine  in  Ihe  mint  has  two  sets  of  dies,  and  two  endless  chains,  as  represented  in  the  pk^ 
fig.  744.  N  H,  are  toothed  wheels  in  the  upper  end  of  the  die-box,  furnished  wOh  piniow 
and  levers,  for  turning  Ihem  round,  and  adjusting  the  distance  between  the  diei^  A  laife 
■par-wheel  □,  is  fixed  upon  Ihe  axis  r,  to  ifiTC  motion  to  the  endless  chain*)  tee  bllA 
^res.  This  spur-wheel  is  turned  by  a  pinion  h,  fixed  upon  an  axis  m,  exwnduig  aoiM 
the  lop  of  [he  tramr,  and  working  in  bearings  at  each  end.  A  spnr-wheel  i,  ii  fixed 
npon  the  axis  m,  and  works  into  ihe  leeth  of  a  pinion  ■,  upon  a  second  axis  acroia  Ihe 
frame,  which  carries  likewise  a  druib  wheel  L,  through  which  motion  is  commnnicaltd  It 
the  whole  mechanism  by  an  endlefs  strap.  * 

The  cntling-ont  m&cliine  is  exhibited  inj!g.  745.    a  a  is  a  basement  of  sWae  to  woffctt 
745  an  iron  plate  i  a,  on  which  eland  Ike 

columns  c  c,  that  bear  the  nppo:  part 
D  of  the  frame.  The  iron  Dwne  oTIhe 
nwehine  e,  r,  i,  it  fixed  down  apsB 
the  iron  plaie  n,  a.  The  pnnch  d  is  fix- 
ed in  the  lower  port  oT  Ihe  inner  Iram^ 
and  is  mared  up  and  down  by  the  seieT 
a,  which  is  worked  by  wiper*  tnrned 
by  a  steam  engine,  impelli^  the  Irnr 
H,  and  turning  badcwaJd*  and  fbrwaidi 
tlie  mis  G,  ihrongh  a  sufficient  space 
for  culling  (he  IhieluiesB  of  Ihe  meUllie 
lamina.  A  boy  manges  this  mBchiae. 
There  are  Iwelve  of  them  monnled  on 
the  same  bnKemenl  frame  in  a  circnhi 
range  contained  in  an  elegant  roMt, 
lighted  from  the  roof.  The  whtHe  are 
moved  by  a  steam  engine  of  16  hxie 

The  hlanki  or  plancluli  Ihnt  cot  ont, 

were   formerly  adjusted  by  filing  the 

hi;  a  stop  which  Mr.  Barton's  ingenions meehanam 

lecessory.    The  edge  is  then  milled,  by  a  process 

'  :h  is  Iherefore  not  shown  in  onr  miat> 

machine  fur  Ihe  purpose  of  lelteiiag 

r,  invented  by  M.  Gengemhre,  whick 

>r  M.  Caslaing,  described  in  the 

.      .  of  France  bear  on  tte 

edge,  in  sunk  letiers,  Ihe  legend,  DUu  pmligi  la  Fraact ,-  tad 

those  oflhe  king,  Domivt  laleum/ac  rtgtin.    Thisis  mariied 

before  striking  Ihe  blank  or  Jlaa.    One  machine  imprint* 

Ihi*  legend,  and  its  service  is  so  prompt  and  eaty,  that  a 

tinsic  man  marks  in  a  day  20,000  pieces  of  S  Iranes,  or 

100,000  francs. 

Each  of  the  two  orf  dies  E,  D,  (^g.  746,)  Carrie*  aie  half 
of  the  legend,  engraved  in  relief  on  the  curved  face  i  thctt 
arcs  are  pieces  of  steel  tempered  very  hard,  and  fixed  witk 
two  screws,  one  immoveably  at  £,  on  the  sill  which  bear*  Ilie 
apparaluB ;  the  other  at  d,  at  the  exiremily  of  the  leva  *,  Dy 
which  innu  round  Ihe  axis  c.  The  leliers  of  thete  deai- 
legcndsare  exactly  paraUel,  and  inscribed  in  an  inverse  coder 

caled  to  Ihe  handle  e.  The  curvatnres  of  the  two  dies  are 
arcs  of  circles  described  from  the  centre  c  ;  and  the  ialerral 
which  separates  Ihem,  or  the  diflerence  of  Ihe  radii,  is  l>e- 
-■--ily  the  diameter  of  the  piece  to  be  milled. 


edges,  10  bring  Ihcm  lo  I 
has  rendered  in  n  great 
which  Mr.  Bonlton  desires  lo  keep  secret. 

But  the  French  mint  employs  a  very  elegant 
«■  milling  the  edges,  called  the  cnrddn  du  moitnai 
ha*  entirely  superseded  the  older  milling  machi 

Encyclopedias.    The  Napuli 
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truncated  cone  of  tempered  steel,  which  enters  into  an  eye  of  the  moveable  piece  p,  d. 
This  cone  is  kept  on  the  plate  of  the  metal  n  n,  which  bears  the  whole  machine,  by  a 
not,  whose  screw,  by  being  tightened  or  slackened,  gives  as  much  freedom  as  is  requisite 
for  the  movement  of  rotation,  or  removes  the  shake  which  hard  service  gives  to  the  cone 
ii^  its  eye.  The  middle  thickness  of  the  hole  of  the  moveable  piece  p,  d,  and  the  axis  of 
the  lever  p,  which  terminates  it,  are  exactly  on  a  level  with  the  engraved  letters  of  the 
die,  80  that  no  strain  can  derange  the  moveable  piece,  or  disturb  the  centre  by  its  oscil- 
lations. 

At  a  is  a  vertical  tube,  containing  a  pile  of  blanks  for  milling.'  It  is  kept  constantly 
foil ;  the  tube  being  open  at  both  ends,  a  little  elevated  above  the  circular  space  a, 
K,  bf  which  separates  the  dies,  and  fixed  by  a  tail  m  with  a  screw  to  the  motionless 
piece  A,  B.  The  branch  i,  c,  moveable  with  the  piece  p,  d,  passes  under  the  tube,  and 
poshes  before  it  the  blank  at  the  bottom  of  the  column,  which  is  received  into  a  small 
excavation  in  the  form  of  a  circular  step,  and  carried  forwards.  Matters  are  thus  so 
arranged  as  to  regulate  the  issue  of  the  blanks,  one  by  one,  on  the  small  step,  called  the 
jMMotr  (bed.)  • 

As  soon  as  the  blank  b  pushed  forwards  into  contact  with  the  lower  edge  of  the 
engraved  grooves,  it  is  seized  by  them,  and  carried  on  by  the  strain  of  milling,  without 
exposing  the  upper  or  under  surfaces  of  the  blank  to  any  action  which  may  obstruct  the 
printing  on  its  edge. 

The  blank  is  observed  to  revolve  between  the  two  dies  according  as  the  lever  p  com- 
frietes  its  covfrse,  and  this  blank  passing  from  a  to  k,  then  to  b,  meets  a  circular  aperture 
by  through  which  it  falls  into  a  drawer  placed  under  the  sill. 

The  range  of  the  moveable  lever  p  is  regulated  by  four  pieces,  f,  f,  f,  f,  solidly  sunk  in 
the  plate  if,  n,  which  bears  the  whole  apparatus.  A  stud  placed  on  this  lever  towards  d, 
makes  the  arm  of  the  posoir  i  e  retire  no  farther  than  is  necessary  for  the  little  blank  to 
issue  from  the  column ;  and  a  spring  fixed  to  the  centre  e,  and  supported  on  a  peg,  brings 
back  the  po§oir  ;  so  that  when  a  screw  i  comes  to  strike  against  the  column,  the  posoir 
stops,  and  the  moveable  die  d,  which  continues  its  progress,  finds  the  blank  in  a  fit 
position  for  pressing,  seizing,  and  carrying  it  on,  by  reaction  of  the  fixed  die  e.  Thus 
the  edge  of  the  blank  is  lettered  in  half  a  second.  A  hundred  may  easily  be  marked  in 
about  three  minutes. 

The  coining  press  is  the  most  beautiful  part  of  the  whole  mechanism  in  the  British 
mint ;  but  the  limits  of  this  volume  will  not  allow  of  its  being  figured  upon  an  adequate 
scale.    An  engraving  of  it  may  be  seen  in  the  Encyclopedia  firitannica. 

The  only  attention  which  this  noble  machine  requires  is  that  of  a  little  boy,  who  stands 
in  a  sunk  place  before  the  press,  and  always  keeps  the  tube  full  of  blanks.  He  has  two 
strings,  one  of  which,  when  pulled,  will  put  the  press  in  motion  by  the  concealed  me- 
chanism in  the  apartment  above ;  and  the  other  string,  when  snatched,  stops  the  press. 
This  coining  operation  goes  on  at  the  rate  of  60  or  70  strokes  per  minute ;  and  with 
very  few  interruptions  daring  the  whole  day.  The  press-room  at  the  Royal  Mint 
contains  eight  machines,  all  supported  on  the  same  stone  base ;  and  the  iron  beams  be- 
tween the  columns  serve  equally  for  the  presses  on  each  side.  The  whole  has  therefore 
a  magnificent  appearance.  The  eight  presses  will  strike  more  than  19,000  coins  in  an 
hour,  with  only  a  child  to  supply  each.  The  grand  improvement  in  these  presses  con- 
sists; 1.  in  the  precision  with  which  they  operate  to  strike  every  coin  with  equal  force, 
which  conld  not  be  ensured  by  the  old  press  impelled  by  manual  labor ;  2.  The  rising 
collar  or  steel  ring  in  which  they  are  struck,  keeps  them  all  of  one  size,  and  makes  a  fair 
edge,  which  was  not  the  case  with  the  old  coins,  as  they  were  often  rounded  and  defaced 
by  the  expansion  of  the  metal  under  the  blow ;  3.  The  twisting  motion  of  the  upper 
die  is  thought  to  produce  a  better  surface  on  the  flat  parts  of  the  coin ;  but  this  is  some- 
wh^  doubtful;  4.  The  feeding  mechanism  is  very  complete,  and  enables  the  machine 
to  work  much  quicker  than  the  old  press  did,  where  the  workman,  being  in  constant 
danger  of  having  his  fingers  caught,  was  obliged  to  proceed  cautiously,  as  well  as  to  place 
the  coin  true  on  the  die,  which  was  seldom  perfectly  done.  The  feeding  mechanism  of 
the  above  press  is  a  French  invention  ;  but  Mr.  Boulton  is  supposed  to  have  improved 
npon  it. 

MIRRORa    See  Copper  and  Glass. 

MISPICKEL  is  arsenical  pyrites. 

MOHAIR  is  the  hair  of  a  goat  which  inhabits  the  nK>untains  in  the  vicinity  of  Angora, 
m  Aaia  Minor. 

MOIRE^E  METALLIQUE,  called  in  this  country  crystallized  tin-plate,  is  a 
variegated  primrose  appearance,  produced  upon  the  surface  of  tin-plate,  by  applying  to  it 
in  a  heated  state  some  dilute  nitro-muriatic  acid  for  a  few  seconds,  then  washing  it 
with  water,  drying,  and  coating  it  with  lacker.  The  figures  are  more  or  less  b^u- 
tifnl  and  d^versifi^,  according  to  the  degree  of  heat,  and  relative  dilution  of  the  add. 
This  node  of  oraamenting  tin-plate  is  much  less  in  vogue  now  than  it  ^waa  ^  icv  ^«ix%  a^<k 


870  MORDANT. 

MOLASSE  IS  a  sandstone  belonging  to  the  tertiary  strata,  employed  nnder  that  nami 
by  the  Swiss  for  building. 

MOLASSES  is  the  brown  viscid  uncrystallizable  liquor,  which  drains  from  eane  sugar 
in  the  colonies.    See  Suoab. 

MOLYBDENUM  {Moiybdtnt^  Fr. ;  Mcii/bdany  Germ.)  is  a  rare  metal  which  oeenis^ 
nature  sometimes  as  a  sulphuret,  sometimes  as  molybdic  acid,  and  at  others  as  molybditt 
of  lead.  Its  reduction  from  the  acid  state  by  charcoal  requires  a  very  high  beat,  aad 
affords  not  very  satisfactory  results.  When  reduced  by  passing  hydrogen  over  the  igai- 
ted  acid,  it  appears  as  an  ash-gray  powder,  susceptible  of  acquiring  metallic  lustre  by 
being  rubbed  with  a  steel  burnisher ;  when  reduced  and  fused  with  charcoal,  it  possesMi 
a  silver  white  color,  is  very  brilliant,  hard,  brittle,  of  specific  gravity  8*6 ;  it  melts  in  a 
powerful  air-furnace,  oxydizes  with  heat  and  air,  bums  at  an  intense  heat  into  molybfie 
acid,  dissolves  in  neither  dilute  sulphuric,  muriatic,  nor  fluoric  acids,  but  in  the 
trated  sulphuric  and  nitric. 

The  protoxyde  consists  of  85*69  of  metal,  and  14*31  of  oxygen;  the  dentcvxyde 
gists  of  75  of  metal,  and  25  of  oxygen ;  and  the  peroxyde,  or  molybdic  acid,  of  66*6  cf 
metal,  and  33*4  of  oxygen.  These  substances  are  too  rare  at  present  to  be  used  in  aay 
manufacture. 

MORDANT,  in  dyeing  and  calico-printing,  denotes  a  body  which,  having  a  twolbU 
attraction  for  organic  fibres  and  coloring  particles,  serves  as  a  bond  of  union  between 
them,  and  thus  gives  fixity  to  dyes ;  or  it  signifies  a  substance  which,  by  eombining  with 
coloring  particles  in  the  pores  of  textile  filaments,  renders  them  insoluble  in  hot  soapy 
and  weak  alkaline  solutions.  In  order  properly  to  appreciate  the  utility  and  the  tme  toe* 
tions  of  mordants,  we  must  bear  in  mind  that  coloring  matters  are  peculiar  compoands 
possessed  of  certain  affiftities,  their  distinctive  characters  being  not  to  be  either  acid  or 
alkaline,  and  yet  to  be  capable  of  combining  with  many  bodies,  and  especially  with 
salifiable  bases,  and  of  receiving  from  each  of  them  modifications  in  their  color, 
solubility,  and  alterability.  Organic  coloring  substances,  when  pnre,  have  a  vciy 
enei^etic  attraction  for  certain  bodies,  feeble  for  others,  and  none  at  all  ibr  some. 
Among  these  immediate  products  of  animal  or  vegetable  life,  some  are  soluble  in  pore 
water,  and  others  become  so  only  through  peculiar  agents.  We  may  thus  readily  eoa- 
ceive,  that  whenever  a  dye-stufif  possesses  a  certain  affinity  for  the  organic  fibre,  it  will 
be  able  to  become  fixed  on  it,  or  to  dye  it  without  the  intervention  of  mordants,  if  it  be 
insoluble  by  itself  in  water,  which,  in  fact,  is  the  case  with  the  coloring  matters  of 
safflower,  annotto,  and  indigo.  The  first  two  are  soluble  in  alkalis ;  hence,  in  order  to 
use  them,  they  need  only  be  dissolved  in  a  weak  alkaline  ley,  be  thus  applied  to  the 
stufifs,  and  then  have  their  tinctorial  substance  precipitated  within  their  pores,  by 
abstracting  their  solvent  alkali  with  an  acid.  The  coloring  matter,  at  the  instant  cf 
ceasing  to  be  liquid,  is  in  an  extremely  divided  state,  and  is  in  contact  with  the  organic 
fibres  for  which  it  has  a  certain  affinity.  It  therefore  unites  with  them,  and,  being 
naturally  insoluble  in  water,  that  is,  having  no  affinity  for  this  vehicle,  the  subseqaeat 
washings  have  no  eflfect  upon-  the  dye.  The  same  thing  may  be  said  of  indigo, 
although  its  solubility  in  the  dye-bath  does  not  depend  upon  a  similar  cause,  bat  is  dne 
to  a  modification  of  its  constituent  elements,  in  consequence  of  which  it  beeones 
soluble  in  alkalis.  Stufifs  plunged  into  this  indigo  bath  get  impregnated  with  the 
solution,  so  that  when  again  exposed  to  the  air,  the  dyeing  substance  resumes  at  ones 
its  primitive  color  and  insolubility,  and  washing  can  carry  ofl'  only  the  portions  in  o- 
cess  above  the  intimate  combination,  or  which  are  merely  deposited  upon  the  sniface  of 
the  stufi*. 

Such  is  the  result  with  insoluble  coloring  matters ;  but  for  those  which  are  solnUe 
it  should  be  quite  the  reverse,  since  they  do  not  possess  an  affinity  for  the  organic  fibres, 
which  can, counterbalance  their  affinity  for  water.  In  such  circumstances,  the  dyer 
must  have  recourse  to  intermediate  bodies,  which  add  their  affinity  for  the  coloring 
matter  to  that  possessed  by  the  particles  of  the  stufi',  and  increase  by  this  twofbld  aetka 
the  intimacy  and  the  stability  of  the  combination.  These  intermediate  bodies  are  the 
true  mordanii. 

Mordants  are  in  general  found  among  the  metallic  bases  or  oxydes ;  whence  they 
might  be  supposed  to  be  very  numerous,  like  the  metals ;  but  as  they  must  unite  the  two- 
fold condition  of  possessing  a  strong  affinity  for  both  the  coloring  matter  and  the  organie 
fibre,  and  as  the  insoluble  bases  are  almost  the  only  ones  fit  to  form  insoluble  oombiaa- 
tions,  we  may  thus  perceive  that  their  number  may  be  very  limited.  It  is  well  known, 
that  although  lime  and  magnesia,  for  example,  have  a  considerable  affinity  for  eokuinp 
particles,  and  form  insoluble  compounds  with  them,  yet  they  cannot  be  employed 
dants,  because  they  possess  no  affinity  for  the  textile  fibres. 

Experience  has  ]NroTed,  that  of  all  the  bases,  those  which  succeed  best  as  mordants  ai 
alumina,  tin,  and  oxyde  of  iron ;  the  first  two  of  which,  being  naturally  white,  are 
aaJf  ones  which  can  be  employed  for  preserving  to  the  color  its  original  tin^  at 
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without  much  variation.  But  whenever  the  mordant  is  itself  colored,  it  will  cause  the 
dje  to  take  a  compound  color  quite  different  from  its  own.  If,  as  is  usually  said,  the 
mordant  enters  into  a  real  chemical  union  with  the  stuff  to  be  dyed,  the  application  of 
the  mordant  should  obviously  be  made  in  such  circumstances  as  are  known  to  be  most 
favorable  to  the  combination  taking  place ;  and  this  b  the  principle  of  every  day's  prac- 
tice in  the  dye-house. 

In  order  that  a  combination  may  result  between  two  bodies,  they  must  not  only  be  in 
contact,  but  they  must  be  reduced  to  their  ultimate  molecules.  The  mordants  that  are 
Co  be  united  with  stuffs  are,  as  we  have  seen,  insoluble  of  themselves,  for  which  reason 
their  particles  must  be  divided  by  solution  in  an  appropriate  vehicle.  Now  this  solvent 
or  menstruum  will  exert  in  its  own  favor  an  affinity  for  the  mordant,  which  will  prove 
to  that  extent  an  obstacle  to  its  attraction  for  the  stuff.  Hence  we  must  select  such 
solvents  as  have  a  weaker  affinity  for  the  mordants  than  the  mordants  have  for  the  stuffs. 
Of  all  the  acids  which  can  be  employed  to  dissolve  alumina,  for  example,  vinesar  is  the 
otic  which  will  retain  it  with  least  energy,  for  which  reason  the  acetate  of  alumina  is 
«ow  genially  substituted  for  alum,  because  the  acetic  acid  gives  up  the  alumina  with 
sach  readiness,  that  mere  elevation  of  temperature  is  sufficient  to  efTect  the  separation  of 
these  two  substances.  Before  this  substitution  of  the  acetate,  alum  alone  was  employed ; 
but  without  knowing  the  true  reason,  all  the  French  dyers  preferred  the  alum  of  Rome, 
simply  regarding  it  to  be  the  purest ;  it  is  only  within  these  few  years  that  they  have 
understood  the  real  grounds  of  this  preference.  This  alum  has  not,  in  fact,  the  same  com- 
position as  the  alums  of  France,  England,  and  Germany,  but  it  consists  chiefly  of  cubic 
alum  having  a  larger  proportion  of  base.  Now  this  extra  portion  of  base  is  held  by  the 
sulphuric  acid  more  feebly  than  the  rest,  and  hence  is  more  readily  detached  in  the  form 
of  a  mordant.  Nay,  when  a  solution  of  cubic  alum  is  heated,  this  redundant  alumina 
falls  down  in  the  state  of  a  subsulphate,  long  before  it  reaches  the  boiling  point,  'i'his 
difference  had  not,  however,  been  recognised,  because  Roman  alum,  being  usually  soiled 
with  ochre  on  the  surface,  gives  a  turbid  solution,  whereby  the  precipitate  of  subsulphate 
of  alumina  escaped  observation.  When  the  liquid  was  filtered,  and  crystallized  afresh, 
common  octahedral  alum  alone  was  obtained ;  whence  it  was  most  erroneously  concluded, 
that  the  preference  given  to  Roman  alum  was  unjustifiable,  and  that  its  only  superiority 
was  in  being  freer  from  iron. 

Here  a  remarkable  anecdote  illustrates  the  necessity  of  extreme  caution,  before  we 
▼entore  to  condemn  from  theory  a  practice  found  to  be  useful  in  the  arts,  or  set  about 
changing  it.  When  the  French  were  masters  in  Rome,  one  of  their  ablest  chemists 
was  sent  thither  to  inspect  the  different  manufactures,  and  to  place  them  upon  a  level 
with  the.state  of  chemical  knowledge.  One  of  the  fabrics,  which  seemed  to  him  furthest 
behindhand,  was  precisely  that  of  alum,  and  he  was  particularly  hostile  to  the  construc- 
tion of  the  furnaces,  in  which  vast  boilers  received  heat  merely  at  their  bottoms,  and 
could  not  be  made  to  boil.  He  strenuously  advised  them  to  be  new  modelled  upon  a 
plan  of  his  own  ;  but,  notwithstanding  his  advice,  which  was  no  doubt  very  scientific,  the 
old  routine  kept  its  ground,  supported  by  utility  and  reputation,  and  very  fortunately, 
too,  for  the  manufacture ;  for  hod  the  higher  heat  been  given  to  the  boilers,  no  more 
genuine  cubical  alum  would  have  been  made,  since  it  is  decomposed  at  a  temperature 
cf  about  120^  F.,  and  common  octahedral  alum  would  alone  have  been  produced.  The 
addition  of  a  little  alkali  to  common  alum  brings  it  into  the  same  basic  state  as  the  alum 
of  Rome. 

The  two  principal  conditions,  namely,  extreme  tenuity  of  particles,  and  liberty  of 
action,  being  found  in  a  mordant,  its  operation  is  certain.  But  as  the  combination  to 
be  effected  is  merely  the  result  of  a  play  of  affinity  between  the  solvent  and  the  stuff  to 
be  dyed,  a  sort  of  partition  must  take  place,  proportioned  to  the  mass  of  the  solvent,  as 
well  as  to  its  attractive  force.  Hence  the  stuff  will  retain  more  of  the  mordant  when 
its  solution  is  more  concentrated,  that  is,  when  the  base  uuiused  through  it  is  not  so 
much  protected  by  a  large  mass  of  menstruum ;  a  fact  applied  to  very  valuable  uses  by 
the  practical  man.  On  impregnating  in  calico  printing,  for  example,  different  spots  of 
the  same  web  with  the  same  mordant  in  different  degrees  of  concentration,  there  is 
obtained  in  the  dye-bath  a  depth  of  color  upon  these  spots  intense  in  proportion  to  the 
strength  of  their  various  mordants.  Thus,  with  solution  of  acetate  of  alumina  in  dif- 
ferent ura'les  of  density,  and  with  madder,  every  shade  can  be  produced,  from  the  fullest 
red  to  the  lightest  pink  ;  and,  with  acetate  of  iron  and  madder,  every  shade  from  black 
to  pale  violet. 

We  hereby  perceive  that  recourse  must  indispensably  be  had  to  mordants  at  different 
stages  of  concentration  ;  a  circumstance  readily  realized  by  varying  the  proportions  of 
the  watery  vehicle.  See  Calico-printing  and  Madder.  When  these  mordants  are  to 
be  topically  applied,  to  produce  partial  dyes  upon  cloth,  they  must  be  thickened  with 
gtarch  or  gum,  to  prevent  their  spreading,  and  to  permit  a  sufficient  body  of  them  to 
become  attached  to  the  stuff.    Starch  answers  best  for  the  more  neutral  mordants,  and 
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gum  for  the  aeiduloTis ;  but  so  much  of  them  should  never  be  used,  as  to  impede  tht 
attraction  of  the  mordant  for  the  cloth.  Nor  should  the  thickened  mordants  be  of  tut 
desiccative  a  nature,  lest  they  become  hard,  and  imprison  the  chemical  agent  belbre  jl 
has  had  an  opportunity  of  combining  with  the  cloth,  during  the  slow  evaporatioB  of  its 
water  and  acid.  Hence  the  mordanted  goods,  in  such  a  case,  should  be  hung  up  to 
dry  in  a  gradual  manner,  and  when  oxygen  is  necessary  to  the  fixation  of  the  hmHe^  tbsj 
should  be  largely  exposed  to  the  atmosphere.  The  foreman  of  the  factory  ought,  there* 
fore,  to  be  thoroughly  conversant  with  all  the  minutie  of  chemical  reaction.  la  eoU 
and  damp  weather  he  must  raise  the  temperature  of  his  drying-house,  in  order  to  eoB* 
mand  a  more  decided  evaporation ;  and  when  the  atmosphere  is  unusually  dry  ud 
warm,  he  should  add  deliquescent  correctives  to  his  thickening,  as  I  have  particulariaed 
in  treating  of  some  styles  of  calico-printing.  But,  supposing  the  applieation  of  tht 
mordant  and  its  desiccation  to  have  been  properly  managed,  the  operation  is  by  lo 
means  complete;  nay,  what  remains  to  be  done  is  not  the  least  important  to  sneeeHb 
nor  the  least  delicate  of  execution.  Let  us  bear  in  mind  that  the  mordant  is  intendad 
to  combine  not  only  with  the  organic  fibre,  but  afterwards  also  with  tbt  colorjaf 
matter,  and  that,  consequently,  it  must  be  laid  entirely  bare,  or  scraped  eleuBy  so  to 
speak,  that  is,  completely  disengaged  from  all  foreign  substances  which  might  iuTeat  il^ 
and  obstruct  its  intimate  contact  with  the  coloring  matters.  This  is  the  principle  and 
the  object  of  two  operations,  to  which  the  names  of  dunging  and  cUariug  have  baa 
given. 

If  the  mordant  applied  to  the  surface  of  the  cloth  were  completely  decomposed,  aai 
the  w^hole  of  its  base  brought  into  chemical  union  with  it,  a  mere  rinsing  or  scouring  in 
water  would  suffice  for  removing  the  viscid  substances  added  to  it,  but  this  nerer 
happens,  whatsoever  precautions  may  be  taken;  one  portion  of  the  mordant  remaiis 
untouched,  and  besides,  one  part  of  the  base  of  the  portion  decomposed  does  not  enter 
into  combination  with  the  stufl',  but  continues  loose  and  superfluous.  All  these  par- 
ticles, therefore,  must  be  removed  without  causing  any  injury  to  the  dyes.  If  in  this 
predicament  the  stufi*  were  merely  immersed  in  water,  the  free  portion  of  the  mordant 
would  dissolve,  and  would  combine  indiscriminately  with  all  the  parts  of  the  doth  nol 
mordanted,  and  which  should  be  carefully  protected  from  such  combination,  as  well  at 
the  action  of  the  dye.  We  must  therefore  add  to  the  scouring  water  some  substanet 
that  is  capable  of  seizing  the  mordant  as  soon  as  it  is  separated  from  the  cloth,  and  of 
forming  with  it  an  insoluble  compound ;  by  which  means  we  shall  withdraw  it  IroB 
the  sphere  of  action,  and  prevent  its  affecting  the  rest  of  the  stufi*,  or  interfering  with  tbt 
other  dyes.  This  result  is  obtained  by  the  addition  of  cow-dung  to  the  scouring  bath ;  a 
substance  which  contains  a  sufficiently  great  proportion  of  soluble  animal  matters,  and  of 
coloring  particles,  for  absorbing  the  aluminous  and  ferruginous  salts.  The  heal  given  to 
the  dung-bath  accelerates  this  combination,  and  determines  an  insoluble  and  perfectly 
inert  coagulum. 

Thus  the  dung-bath  produces  at  once  the  solution  of  the  thickening  paste;  amon 
intimate  union  between  the  alumina  or  iron  and  the  stuff,  in  proportion  to  its  elevatioa 
of  temperature,  which  promotes  that  union;  an  effectual  subtraction  of  the  undeeompoied 
and  superfluous  part  of  the  mordant,  and  perhaps  a  commencement  of  mechanical  sepaii* 
tion  of  the  particles  of  alumina,  which  are  merely  dispersed  among  the  fibres ;  a  sepanh 
tion,  however,  which  can  be  completed  only  by  the  proper  scouring,  which  is  done  l^tht 
dash-wheel  with  such  agitation  and  pressure  (see  Bleaching  and  Dttkgikg)  as  vastly 
facilitate  the  expulsion  of  foreign  particles.    See  also  Bran. 

Before  concluding  this  article,  we  may  say  a  word  or  two  about  astringents,  and 
especially  gall-nuts,  which  have  been  ranked  by  some  writers  among  mordants.  It  is 
rather  difficult  to  account  for  the  part  which  they  play.  Of  course  we  do  not  allude  to 
their  operation  in  the  black  dye,  where  they  give  the  weU  known  purple-black  color 
with  salts  of  iron ;  but  to  the  circumstance  of  their  employment  for  madder  dyes,  and 
especially  the  Adrianople  red.  AU  that  seems  to  be  clearly  established  is,  that  the 
astringent  principle  or  tannin,  whose  peculiar  nature  in  this  respect  is  unknown,  com- 
bines like  mordants  with  the  stuffs  and  the  coloring  substance,  so  as  to  fix  it ;  but  as  thii 
tannin  has  itself  a  brown  tint,  it  will  not  suit  for  white  grounds,  though  it  answers  quite 
well  for  pink  grounds.  When  white  spots  are  desired  upon  a  cloth  prepared  with  oil  and 
galls,  they  are  produced  by  an  oxygenous  discharge,  effected  either  through  chlorine  or 
chromic  acid. 

MORDANT  is  also  the  name  sometimes  given  to  the  adhesive  matter  by  which 
gold-leaf  is  made  to  adhere  to  surfaces  of  wood  and  metal  in  gilding.  Paper,  Tellnm, 
taffety,  &e.,  are  easily  gilt  by  the  aid  of  different  mordants,  such  as  the  following :  !• 
beer  in  which  some  honey  and  gum  arable  have  been  dissolved ;  2.  gum  arable,  sugar, 
and  water ;  3.  the  viscid  jnice  of  onion  or  hyacinth,  strengthened  with  a  little  gum 
arable.  When  too  much  gum  is  employed,  the  silver  or  gold  leaf  is  apt  to  cradc  in 
the  drying  of  the  mordant.    A  little  carmine  should  be  mixed  with  the  above  ccdorlsM 
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liqitids,  to  maik  the  places  where  they  are  applied.  The  foil  is  applied  by  means  of  a 
dossil  of  cotton  wool,  and  when  the  mordant  has  become  hard,  the  foil  ia  polished  wUh 
the  same. 

The  best  medium  for  sticking  gold  and  silTer  leaf  to  wood  is  the  following,  called  imx- 
fk»  by  the  French  artists : — 1  pound  of  amber  is  to  be  fused,  with  4  ounces  of  mastic  in 
tears,  and  1  ounce  of  Jewish  pitch,  and  the  whole  dissolved  in  1  pound  of  linseed  oil  ren- 
dered drying  by  litharge. 

Painters  in  distempa:  sometimes  incresi^e  the  effect  of  their  work,  by  patches  of  gold 
leaf,  which  they  place  in  favorable  positions;  they  employ  the  above  mordant.  Hie 
manufacturers  of  paper  hangings  of  the  finer  kinds  attach  gold  and  silver  lesf  to  them  by 
the  same  varnish. 

MOROCCO.    See  Leathui. 

MORPHIA  (Morphmif  Fr. ;  Morphin,  Germ.)  is  a  vegeto-alkali  which  exists  asso- 
ciated with  opian,  codeine,  narcotine,  meconine,  meconic  acid,  resin,  gum,  bassorine,  lig- 
nine,  fat  oil,  caoutchouc,  extractive,  &c.  in  opium.  Morphia  is  prepaied  as  follows: 
Opium  in  powder  is  to  be  repeatedly  digested  with  dilute  muriatic  aciid,  slightly  heated, 
and  sea-salt  is  to  be  added,  to  precipitate  the  opian.  The  filtered  liquid  is  to  be  super- 
saturated with  anunonia,  which  throws  down  the  morphia,  along  with  the  meconine,  resin, 
and  extractive.  The  precipitate  is  to  be  washed  with  water,  heated,  and  dissolved  in 
dilate  muriatic  acid ;  the  solution  is  to  be  filtered,  whereby  the  foreign  matters  are  sepa- 
rated from  the  salt  of  morphia,  which  concretes  upon  cooling,  while  the  meconine  remains 
in  the  acid  liquid.  The  muriate  of  morphia  having  been  squeeted  between  folds  of  blot- 
ting paper,  is  to  be  sprinkled  with  water,  again  squeezed,  next  dissolved  in  water,  and 
decomposed  by  water  of  anmionia.  The  precipitate,  when  washed,  dried,  dissolved  in 
alcohol,  and  crystallized,  is  morphia. 

These  crystals,  which  contain  6-32  per  cent,  of  combined  water,  are  transparent,  coloN 
less,  ibur-sided  prisms,  without  smell,  and  nearly  void  of  taste,  fusible  at  a  moderate  heat, 
and  they  concrete  into  a  radiated  translucent  mass,  but  at  a  higher  temperature  they 
grow  purple-red.  Morphia  consists  of  72*34  of  carbon ;  6*366  of  hydrogen ;  5  of  azote ; 
and  16-3  of  oxygen.  It  bums  with  a  red  and  very  smoky  flame,  is  stained  red  by  nitric 
acid,  is  soluble  in  30  parts  of  boiling  anhydrous  alcohol,  in  500  parts  of  boiling  water,  but 
hardly  if  at  all  in  cold  water,  and  is  insoluble  in  ether  and  oils.  The  solutions  have  a 
strong  bitter  taste,  and  an  alkaline  reaction  upon  litmus  paper.  The  saline  cora- 
poundb  hav^  a  bitter  taste,  are  mostly  crystallizable,  are  soluble  in  water  and  alcohol 
(bat  Aot  in  ether),  and  give  a  blue  color  to  the  peroxyde  salts  of  iron.  It  is  a  very  poi- 
soDOos  substance.  Acetate  of  morphia  is  sometimes  prescribed,  instead  of  opium,  in 
medicine.  • 

MORTAR,  HYDRAULIC,  called  also  Roman  Cement,  is  the  kind  of  mortar  used  fbr 
boilding  piers,  or  walls  under  or  exposed  to  water,  such  as  those  of  harbors,  docks,  kt. 
The  poorer  sorts  of  limestone  are  best  adapted  for  this  purpose,  such  as  contain  from  8  to 
25  per  eent.  of  foreign  matter,  in  silica,  alumina,  magnesia,  &c.  These,  though  calcined, 
do  not  slake  when  moistened ;  but  if  pulverized  they  absorb  water  without  swelling  up  or 
beating,  like  fat  lime,  and  afford  a  paste  which  hardens  in  a  few  days  under  water,  bat 
ia  the  air  they  never  acquire  much  solidity.  Smeaton  first  discovered  these  remarkaUe 
tacts,  and  described  them  in  1759. 

The  fbUowing  analyses  of  different  hydraulic  limestones,  by  Berthier,  merit  con- 
fidence:— 


A.  jSnalyaet  of  limestcnet. 

No.  1. 

No.  9. 

No.  3. 

No.  4. 

No.  5. 

Carbonate  of  lime 

97-0 

98-5 

74-6 

76-5 

80-0 

Carbonate.of  magnesia - 

2-0 

— 

23-0 

3-0 

i-6 

Carbonate  of  protoxyde  of  iron 

— 

— 

— 

3-0 

— 

Carbonate  of  manganese 

— 

— 

— 

1-6 

— 

SQica  and  alumina 

Oxyde  of  iron       ... 

1-0 

1-5 

1-2 

I     15-2 

I      180 

100-0 

100-0 

1000. 

100-0 

1000 

B.  Jhiolyset  of  the  burnt  limi. 

1 

Lime    ..... 

96-4 

97-2 

78-0 

68-3 

700 

Magnesia     .... 

1-8 

— 

20-0 

20 

1-0 

Alumina       .... 

1-8 

2-8 

2-0 

240 

29-0 

Oxyde  of  iron       ... 

— 

— 

— 

5-7 

— 

1000 

100-0 

100-0 

100^ 

1000 
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No.  1  is  from  the  firesh-water  lime  formation  of  Chateau-Landon,  near  Nemoon.  K«^ 
2»  the  large-grained  limestone  of  •Paris ;  both  of  these  afford  a  fat  lime  when  bvnL 
Dolomite  affords  a  pretty  fat  lime,  though  it  contains  42  per  cent,  of  carbonate  of  ug- 
nesia ;  No.  3  is  a  limestone  from  the  neighborhood  of  Paris,  which  yields  a  poof  Iibk, 
possessing  no  bydraalic  property ;  No.  4  is  the  secondary  limestone  of  Metz ;  No.  5  ii 
the  lime  marl  of  Senonches,  near  Dreux ;  both  the  latter  have  the  property  of  haidcBiig 
nnder  water,  particularly  the  last,  which  is  much  used  at  Paris  on  this  aceoont. 

All  good  hydraulic  mortars  must  contain  alumina  and  silica;  the  osydes  of  ironasi 
manganese,  at  one  time  considered  essential,  are  rather  prejudicial  ingredients.  By 
adding  silica  and  alumina,  or  merely  the  former,  in  certain  circumstances,  to  lat  lime,  • 
water-cement  may  be  artificially  formed  ;  as  also  by  adding  to  lime  any  of  the  foUowiig 
native  productions,  which  contain  silicates;  puzzokna,  trass  or  tarras,  pnmicei sisae, 
basalt-tuff,  slate-clay.  Puzzolana  is  a  volcanic  product,  which  fonns  hflls  of  connier- 
able  extent  to  the  south-west  of  the  Appenines,  in  the  district  of  Rome,  the  Pttrtiae 
marshes,  Yiterbo,  Bolsena,  and  in  the  Neapolitan  region  of  Puzznolo,  whenee  the  naae. 
A  similar  volcanic  tufa  is  found  in  many  other  parts  of  the  world.  According  to  Ber* 
thier,  the  Italian  puzzolana  consists  of  44*5  silica;  15*0  alumina;  8*8  lime;  4*7  magss' 
sia ;  1*4  potash ;  4*1  soda ;  12  oxydes  of  iron  and  titanium ;  9-2  water;  in  100  parts. 

The  tufa  stone,  which  when  ground  forms  trasiy  is  composed  of  57-0  silica,  16*0  dsy, 
2*6  lime,  1*0  magnesia,  7*0  potash,  1*0  soda,  5  oxydes  of  iron  and  titaniom,  9-6  wsleL 
This  tuff  is  found  abundantly  filling  up  valleys  in  beds  of  10  or  20  feet  deep,  in  the  nortk 
of  Ireland,  among  the  schistose  formations  upon  the  banks  of  the  Rhine,  aind  at  lfoa> 
heim  in  Bavaria. 

The  fatter  the  lime,  the  less  of  it  must  be  added  to  the  ground  pnnolana  or  tiasi,  It 
form  a  hydraulic  mortar ;  the  mixture  should  be  made  extemporaneously,  and  most  at  soy 
rate  be  kept  dry  till  about  to  be  applied.  Sometimes  a  proportion  of  commoo  sand  aor- 
tar  instead  of  lime  is  mixed  with  the  trass.  When  the  hydraulic  cement  hardens  too 
soon,  as  in  12  hours,  it  is  apt  to  crack ;  it  is  better  when  it  takes  8  days  to  eoocrele. 
Through  the  agency  of  the  water,  silicates  of  lime,  alumina,  (magnesia,)  aad  oxyde  cf 
iron  are  formed,  which  assume  a  stony  hardness. 

Besides  the  above  two  volcanic  products,  other  native  earthy  eomponnds  are  osed  ia 
making  water  cements.  To  this  head  belong  all  limestones  which  contain  from  20  It 
30  per  cent,  of  clay  and  silica.  By  gentle  calcination,  a  portion  of  the  carbonic  add  ii 
expelled,  and  a  little  lime  is  combined  with  the  clay,  while  a  silicate  of  day  and  hae 
results,  associated  with  lime  in  a  subcarbonated  state.  A  lime-marl  containing  lesadsy 
will  bear  a  stronger  calcining  heat  without  prejudice  to  its  qualities  as  a  hydraahe 
^cement ;  but  much  also  depends  upon  the  proportion  of  silica  present,  and  the  pbysicsl 
structure  of  all  the  constituents. 

The  mineral  substance  most  used  in  England  for  making  such  mortar  is  Tulgailf 
called  cemerU-Mtone,  It  is  a  reniform  limestone,  which  occurs  distributed  in  single  noiaki 
or  rather  lenticular  cakes,  in  beds  of  clay.  They  are  mostly  found  in  those  argiUaceow 
strata  which  alternate  with  the  limestone  beds  of  the  oolite  formation,  as  also  ia  the 
clay  strata  above  the  chalk,  and  sometimes  in  the  London  clay.  On  the  coasts  of  Kent) 
in  the  isles  of  Sheppey  and  Thanet,  on  the  coasts  of  Yorkshire,  Somersetshire,  and  the 
Isle  of  Wight,  &c.,  these  nodular  concretions  are  found  in  considerable  quantities,  hariag 
been  laid  bare  by  the  action  of  the  sea  and  weather.  They  were  called  by  the  older 
mineralogists  Septaria  ifhd  Litdua  HelmotUii  (Van  Helmont's  coits.)  When  sawn  aensii 
they  show  veins  of  calc-spar  traversing  the  silicious  clay,  and  are  then  sometimes  plsecd 
in  the  cabinets  of  virtuosi.  They  are  found  also  in  several  places  on  the  Continent,  ai 
at  Neustadt-Eberswalde,  near  Antwerp,  near  Altdorf  in  Bavaria;  as  also  at  Bon]ogB^ 
sur-mer,  where  they  are  called  Boulogne-pebbles  (galtis).  These  nodules  vary  in  ntt 
from  that  of  a  fist  to  a  man's  head ;  they  are  of  a  yellow-gray  or  brown  color,  inter* 
spersed  with  veins  of  calc-spar,  and  sometimes  contain  cavities  bestudded  with  cfysCsk 

Their  specific  gravity  is  2*59. 

Analyses  of  several  cement-stones,  and  of  the  cement  made  with  them :— 


No.  1. 

No.«. 

No.  S. 

No.  4. 

No.  5. 

A.  Constituents  of  the  cement-stones. 
Carbonate  of  lime 

—  magnesia 

—  protoxyde  of  iron     - 

—  manganese  - 
SUica        .... 
Alumina  or  day   ... 

65-7 
0*5 
60 
1*6 

18*0 
6*6 

61*6 

6*0 

15*0 
4*8 

- 

82*9 

I    4*3 

13-0 
trace 

63-8 
1*5 

m 

14-0 
5-7 

J 
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r 
1 

No.  1. 

No.  9. 

No.  s. 

No.  4. 

No.  5. 

Ozydeofiron        -           -           - 
Water      -           -           .           - 

B.  ContiUuenit  of  Uu  Cement. 
Lime        .... 
Magnesia             ... 
Alumina  or  clay  ... 
Oxyde  of  iron       -           .           - 

1-2 

55-4 

36-0 
8-6 

30 
6-6 

54-0 

31-0 
15-0 

650 

38*0 
130 

• 

3-4 

56-6 

M 

21-0 

13-7 

No.  1.  English  cement-stone,  analyzed  by  Berthier;  No.  2.  Boulogne  stone,  by  Dra- 
pies ;  No.  3.  Elnglish  ditto,  by  Davy ;  No.  4.  reniform  limestone  nodules  from  Arkona, 
by  Huhnefeld ;  No.  5.  cement-stone  of  Avallon,  by  Dumas. 

In  England  the  stones  arc  calcined  in  shail-kilns,  or  sometimes  in  mound-kilns,  then 
ground,  sifled,  and  packed  in  casks.  The  color  of  the  powder  is  dark-brown-red.  When 
made  into  a  thick  paste  with  water,  it  absorbs  little  of  it,  evolves  hardly  any  heat,'and 
0oon  indurates.  It  is  mixed  with  sharp  sand  in  various  proportions,  immediately  before 
using  it ;  and  is  employed  in  all  marine  and  river  embankments,  for  securing  the  seams 
of  stone  or  brick  floors  or  arches  from  the  percolation  of  moisture,  and  also  for  facing 
walls  to  protect  them  from  damp. 

The  cement  of  PoulUy  is  prepared  from  a  Jurassic  (secondary)  limestone,  which  con- 
tains 39  per  cent,  of  silica,  with  alumina,  magnesia,  and  iron  oxyde.  Vicat  forms  a  fae- 
titioos  Roman  cement  by  making  bricks  with  a  pasty  mixture  of  4  parts  of  chalk,  and  1 
fwrt  of  dry  clay,  drying,  burning,  and  grinding  them.  River  sand  must  be  added  to  this 
powder;  and  even  with  this  addition,  its  efficacy  is  somewhat  doubtful;  though  it  has, 
lor  want  of  a  better  substitute,  been  much  employed  at  Paris. 

The  cement  of  Dihl  consists  of  porcelain  or  salt-glaze  potsherds  ground  fine,  and 
mixed  with  boiled  linseed  oil. 

Hamelin's  mastic  or  lithic  paint  to  cover  the  facades  of  brick  bufldings,  &c.,  is  com- 
posed of  50  measures  of  silicious  sand,  50  of  lime-marl,  and  9  of  litharge  or  red-lead 
groond  up  with  linseed  oil. 

MOSAIC  GOLD.  For  the  composition  of  this  peculiar  alloy  of  copper  and  zinc, 
caUcd  also  Qr^molUf  Messrs.  Parker  and  Hamilton  obtained  a  patent  in  November,  1825. 
Eqoal  quantities  of  copper  and  zinc  are  to  be  '<  melted  at  the  lowest  temperature  tl^^t 
copper  will  fuse,"  which  being  stirred  together  so  as  to  produce  a  perfect  admixture  of 
the  metals,  a  further  quantity  of  zinc  is  added  in  small  portions,  until  the  alloy  in  the 
melting  pot  becomes  of  the  color  required.  If  the  temperature  of  the  copper  be  too  high, 
a  portion  of  the  zinc  will  fly  off  in  vapor,  and  the  result  will  be  merely  spelter  or  hard 
s<4der ;  but  if  the  operation  be  carried  on  at  as  low  a  heat  as  possible,  the  alloy  will 
assume  first  a  brassy  yellow  color ;  then,  by  the  introduction  of  small  portions  of  zinc,  it 
will  take  a  purple  or  violet  hue,  and  will  ultimately  become  perfectly  while ;  which  is 
the  appearance  of  the  proper  compound  in  its  fused  state.  This  alloy  may  be  poured 
into  ingots ;  but  as  it  is  difficult  to  preserve  its  character  when  re-meltcd,  it  should  be 
cast  directly  into  the  figured  moulds.  The  patentees  claim  itie  exclusive  right  of  com- 
pounding a  metal  consisting  of  from  52  to  55  parts  of  zinc  out  of  100. 

Motaic  gold,  the  aurum  musivum  of  the  old  chemists,  is  a  sulphuret  of  tin. 

MOSAIC.  {Mosaique,  Fr. ;  Mosaisch,  Germ.)  There  are  several  kinds  of  mosaic, 
but  all  of  them  consist  in  imbedding  fragments  of  difierent  colored  substances,  usuaUy 
glass  or  stones,  in  a  cement,  so  as  to  produce  the  effect  of  a  picture.  The  beautiful  cha- 
pel of  Saint  Lawrence  in  Florence,  which  contains  the  tombs  of  the  Medici,  has  been 
greatly  admired  by  artists,  on  account  of  the  vast  multitude  of  precious  marbles,  jaspers, 
agates,  avanturines,  malachites,  &c.,  applied  in  mosaic  upon  its  walls.  The  detailed 
discussion  of  this  subject  belongs  to  a  treatise  upon  the  fine  arts. 

MOTHER  OF  PEARL  (Nacre  de  Perlet,  Fr. ;  Perlen  tmUter,  Germ.)  is  the  hard, 
silvery,  brilliant  internal  layer  of  several  kinds  of  shells,  particularly  oysters,  which 
is  oAen  variegated  with  changing  purple  and  azure  colors.  The  large  oysters  of  the 
Indian  seas  alone  secrete  this  coat  of  sufficient  thickness  to  render  their  shells  available 
to  the  purposes  of  manufactures.  The  genus  of  shell  fish  called  pentadina  furnishes 
the  finest  pearls,  as  well  as  mother  of  pearl ;  it  is  found  in  greatest  perfection  round  the 
coasts  of  Ceylon,  near  Ormus  in  the  Persian  Oulf,  at  Cape  Comorin,  and  among  some 
of  the  Australian  seas.  The  brilliant  hues  of  mother  of  pearl  do  not  depend  upon  the 
natare  of  the  substance,  but  upon  its  structure.  The  microscopic  wrinkles  or  furrows 
Which  run  across  the  surface  of  every  slice,  act  upon  the  refiected  light  in  such  a  way  as 
<0  produce  the  chromatic  effect ;  for  Sir  David  Brewster  has  shown,  that  if  we  take,  with 
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▼ery  fine  black  wax,  or  with  the  fasibic  alloy  of  D^Areet,  an  impretsioii  of  mother  tf 
pearl,  it  will  possess  the  iridescent  appearance.  Mother  of  pearl  is  very  delicate  to  wok, 
but  it  may  be  fashioned  by  saws,  files,  and  drills,  with  the  aid  sometimes  of  a  corrosff 
aeid,  snch  as  the  dilute  sulphuric  or  muriatic ;  and  it  is  polished  by  eolcothar  of  ntrioL 

MOTHER-WATER  is  the  name  of  the  liquid  which  remains  after  all  the  aalla  thU 
will  regularly  crystallize  have  been  extracted,  by  evaporation  and  cooling,  finoai  any  salme 
solution. 

MOUr«rrAIN  soap  (Savm  dt  moniagne,  Fr. ;  Bergteifi^  Germ.)  is  a  tender  minenlp 
soft  to  the  touch,  which  assumes  a  fn'easy  lustre  when  rubbed,  and  falls  to  pieces  in  water. 
It  consists  of  silica  44,  alumina  26*5,  water  20*5,  oxyde  of  iron  8,  lime  (^5.  It  ocean  it 
beds,  alternating  with  different  sorts  of  clay,  in  the  Isle  of  Skye,  at  BilUn  in  Bohenu^ 
&c.     It  has  been  often,  but  improperly,  confounded  with  steatite. 

MUCIC  ACID  (Jcide  mueiquey  Ft. ;  Schleimsaiire,  Germ.)  is  the  same  as  the  sadaede 
acid  of  Scheele,  and  may  be  obtained  by  digesting  one  part  of  gum  arable,  aogmr  of  milk, 
or  pectic  acid,  with  twice  or  thrice  their  weight  of  nitric  acid.  It  forms  white  grannltt 
crystaUt,  and  has  not  been  applied  to  any  use  in  the  arts. 

MUCILAGE  is  a  solution  in  water  of  gummy  matter  of  any  kind. 

RUFFLE  is  the  earthenware  case  or  box,  in  the  assay  furnaces,  for  receiTing  the 
eapels,  and  protecting  them  from  being  disturbed  by  the  ftieL  See  AstAT  aid 
FiraNACE. 

MUNDIC  is  the  name  of  copper  pyrites  among  English  miners. 

MUNJEET  is  a  kind  of  madder  erown  in  several  parts  of  India. 

MURIATIC  or  HYDROCHLORIC  ACID  ;  anciently  manne  acid,  and  Mpirii  of  Mtt. 
(jScide  hydrochloriquey  and  Chlorkydriquiy  Fr. ;  Salzsaiire,  Germ.)  This  acid  is  now  extrMt- 
ed  from  sea-salt,  by  the  action  of  sulphuric  acid  and  a  moiderate  heat ;  bat  it  was  orudnally 
obtained  from  the  salt  by  exposing  a  mixture  of  it  and  of  common  clay  to  ignition  in  ai 
earthen  retort.  The  acid  gas  which  exhales,  is  rapidly  condensed  by  water.  100  cvhie 
inches  of  water  are  capable  of  absorbing  no  less  than  48,000  cubic  inches  of  the  acid 
^tLS,  whereby  the  liquid  acquires  a  specific  gravity  of  1*2109 ;  and  a  volume  of  142  cnfaie 
inches.  This  vast  condensation  is  accompanied  with  a  great  production  of  heat,  whcnee 
it  becomes  necessary  to  apply  artificial  refrigeration,  especially  if  so  strong  an  aciki  as  ths 
above  is  to  be  prepared.  In  general,  the  muriatic  acid  of  commerce  has  a  specific  gravity 
varying  from  1*15  to  1*20;  and  contains,  for  the  most  part,  considerably  less  than4D 
parts  by  weight  of  acid  gas  in  the  hundred.  The  above  stronger  acid  contains  42*68  per 
cent,  by  weight;  for  since  a  cubic  inch  of  water,  which  weighs  252-5  grains,  bh 
absorbed  480  cubic  inches  =  188  grains  of  gas ;  and  252-5  -f  188  =  440-5 ;  Ihet 
440*5  :  188  :  :  100  :  42*68.  In  general  a  very  good  approximation  may  be  found  to  the 
per  centage  of  real  muriatic  acid,  in  any  liquid  sample,  by  multiplying  the  decimil 
figures  of  the  specific  gravity  by  200.  Thus  for  example,  at  1*162  we  shall  have  bf 
this  rule  0*162  X  200  =  32*4,  for  the  quantity  of  gas  in  100  parts  of  the  liquid.  Muristie 
acid  gas  consists  of  chlorine  and  hydrogen  combined,  without  condensation,  in  equal  fsl* 
umes.    Its  specific  gravity  is  1*247,  air  =  1*000. 

By  sealing  up  muriate  of  ammonia  and  sulphuric  acid,  apart,  in  a  strong  glass  tubers 
curved,  and  then  causing  them  to  act  on  each  other,  Sir  H.  Davy  procured  liquid  muriatk 
acid.  He  justly  observes,  that  the  generation  of  elastic  substances  in  close  vessels,  either 
with  or  without  heat,  ofi*er8  much  more  powerful  means  of  approximating  their  moleeolei 
than  those  dependant  on  ttfe  application  of  cold,  whether  natural  or  artificial ;  for  as  gasei 
diminish  only  jXjr  in  volume  for  every  degree  of  Fahrenheit's  scale,  beginning  at  ardfiBBiy 

temperatures,  a  very  slight  condensation  only  can  be  produced  by  the  most  poiwerfU 
freezing  mixtures,  not  half  as  much  as  would  result  from  the  application  of  a  strong 
flame  to  one  part  of  a  glass  tube,  the  other  part  being  of  ordinary  temperature ;  and  when 
attempts  are  made  to  condense  gases  into  liquids  by  sudden  mechanical  compression,  the 
heat  instantly  generated  presents  a  formidable  obstacle  to  the  success  of  the  experiment; 
whereas  in  the  compression  resulting  from  their  slow  generation  in  close  vessels,  if  the 
process  be  conducted  with  common  precautions,  there  is  no  source  of  difilculty  or  danger; 
and  it  may  be  easily  assisted  by  artificial  cold,  in  cases  where  gases  approach  near  to 
that  point  of  compression  and  temperature  at  which  they  become  vapors. — Phil,  TVcat* 
1823. 

The  muriatic  acid  of  commerce  has  usually  a  yellowish  tinge,  but  when  chemically  para 
it  is  colorless.  It  fumes  strongly  in  the  air,  emitting  a  corrosive  vapor  of  a  peculier 
smeU.  The  charaeteristic  test  of  muriatic  acid  in  the  most  dilute  state,  is  nitrate  of  silver^ 
"frtiich  causes  a  curdy  precipitate  of  chloride  of  silver. 

llie  preparation  of  this  acid  upon  the  great  scale  is  frequently  eflfected  in  this  countix 
by  acting  upon  sea-salt  in  hemispherical  iron  pots,  or  in  cast-iron  cylinders,  with  cobp 
centrated  sulphuric  acid ;  taking  6  parts  of  the  salt  to  5  of  the  acid.  The  mouth  of  the 
pot  may  be  covered  with  a  slab  of  silicious  freestone,  perforated  with  two  holes  of  aboOft 
twoinebes  diameter  eoch^  into  the  one  of  which  the  add  is  poured  by  a  funnel  in  snccesaifc 
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portioD%  tnd  into  the  other,  a  bent  glass,  or  stone-ware  tube,  is  fixed,  for  conducting  the 
daeofaged  muriatic  gas  into  a  series  of  large  globes  of  bottle  glass,  one  third  filled  with 
witer,  and  laid  on  a  sloping  sand-bed.  A  week  is  conunonly  employed  for  working  off 
CMh  pot ;  no  heat  being  applied  to  it  till  the  second  day. 

The  decomposition  of  sea-salt  by  sulphuric  acid,  was  at  one  time  carried  on  by  some 
French  mannfactnrers  in  large  leaden  pans,  10  feet  long,  5  feet  broad,  and  a  foot  deep, 
corrred.with  sheets  of  lead,  and  luted.  The  disengaged  acid  gas  was  made  to  circulate 
in  1  coodoi^of  glaxed  bricks,  nearly  650  yards  long,  where  it  was  condensed  by  a  sheet 
of  vtter  exceedingly  thin,  which  flowed  slowly  in  the  opposite  direction  of  the  gas  down 
a  dope  of  1  In  200.  At  the  end  of  this  canal  nearest  the  apparatus,  the  muriatic  acid 
VIS  as  strong  as  possible,  and  pretty  pure ;  but  towards  the  other  end,  the  water  was 
hinSy  acidulous.  The  condensing  part  of  this  apparatus  was  therefore  tolerably  com- 
plete; bat  as  the  decomposition  of  the  salt  could  not  be  finished  in  the  leaden  pans,  the 
tad  mixture  had  to  be  drawn  out  of  them,  in  order  to  be  completely  decomposed  in  a 
rererberatory  ftumace ;  in  this  way  nearly  50  per  cent,  of  the  muriatic  «cid  was  lost. 
And  besides,  the  great  quantity  of  gas  given  off  during  the  emptying  of  the  lead-chambers 
VIS  apt  to  suffocate  the  workmen,  or  seriously  injured  their  lungs,  causing  severe 
hanoptyois.  The  employment  of  muriatic  acul  is  so  inconsiderable,  and  the  loss  of  it 
Bcvred  in  the  preceding  process  is  of  so  little  consequence,  that  subsequently,  both  in 
Fnsee  and  in  England,  sulphate  of  soda,  for  the  soda  manufacture,  has  been  procured 
vith  the  dissipation  of  the  muriatic  acid  in  the  air.  In  the  method  more  lately  resorted 
Ifl^  the  gaseous  products  are  discharged  into  extensive  vaults,  where  currents  of  water 
eosdense  them  and  carry  them  off  into  the  river.  The  surrounding  vegetation  is  thereby 
■red  in  some  measure  from  being  burned  up,  an  accident  which  was  previously  sure  to 
kappca  when  fogs  precipitated  the  floating  gases  upon  the  ground.  At  Newcastle, 
Lircfpool,  and  Marseilles,  where  the  consumption  of  muriatic  acid  bears  no  proportion 
to  the  manofactore  of  sodia,  this  process  is  now  practised  upon  a  vast  scale. 

The  apparatus  for  condensing  mdriatic  acid  gas  has  been  modified  and  changed,  of 
iile  years,  in  many  different  ways. 

Tk  JSas/n'figiM  apparahu.  At  the  end  of  a  reverberatory  furnace,  (see  Coffer, 
uiTiMG  or,  and  Soda,  manufacture  of,)  a  rectangular  lead  trough  or  pan,  about  1  foot 
drcy^  cf  a  width  equal  to  that  of  the  interior  of  the  furnace,  that  is,  about  5  feet  wide, 
ud  6|  feel  long,  is  incased  in  masonr}-,  having  its  upper  edges  covered  with  cast-iron 
plttes  or  fire  tiles,  and  placed  upon  a  level  with  the  passage  of  the  flame,  as  it  escapes 
bfm  the  reverberatory.  The  arch  which  covers  that  pan  forms  a  continuation  of  the 
nof  of  the  reverberator}',  and  is  of  the  same  height.  The  flame  which  proceeds  from 
the  rnrouce  containing  the  mixture  of  salt  and  sulphuric  acid  is  made  to  escape  between 
|he  Tiolt  and  the  suiface  of  the  iron  plates  or  Arc  tiles,  through  a  passage  only  4  inches 
in  heishu  When  the  burned  air  and  vaitors  reach  the  extremity  of  the  pan,  they  are 
feflcctied  downwards,  and  made  to  return  beneath  the  bottom  of  the  pan,  in  a  flue,  which 
H  afterwards  divided  so  as  to  lead  the  smoke  into  two  lateral  flues,  which  terminate  in 
>he  ehinmey.  The  pan  is  thus  surrounded  as  it  were  with  the  heat  and  flame  discharged 
fita  the  rei'erbcratory  furnace.  Sec  Evaporation.  A  door  is  opened  near  the  end  of 
Ike  pu,  for  introducing  the  charge  of  sea-salt,  amounting  to  12  bags  of  2  cwts.  each,  or 
U  evts.  This  door  is  then  luted  on  as  tightly  as  possible,  and  for  every  100  parts  of  salt, 
ilO of  sulphuric  acid  are  poured  in,  of  specific  gravity  1*5!M,  containing  57  per  cent,  of 
^  ackL  This  acid  is  introduced  through  a  funnel  inserted  in  the  roof  of  the  furnace, 
l^nonposition  ensues,  muriatic  acid  gas  mingled  with  steam  is  disengaged,  and  is  con- 
tacted through  4  stone-ware  tubes  into  the  refrigerators,  where  it  is  finally  condensed. 
Then?  refrigerators  consist  of  large  stone-ware  carboys,  called  dame-ieant  in  France,  to 
the  nnmber  of  7  or  8  for  each  pi|)e,  and  arranged  so  that  the  neck  of  the  one  communi- 
ty with  the  body  of  the  other;  thus  the  gas  must  traverse  the  whole  series,  and  gets 
•  a  good  measure  condensed  by  the  water  in  them,  before  reaching  the  last. 

When  the  operation  iH  finished,  the  door  opposite  the  pan  is  opened,  and  the  residuum 
»  it  is  diKharged,  in  the  funn  of  a  fluid  ma^ma,  ufmn  a  square  bed  of  bricks,  exterior 
to  the  furnace.  This  paste  speedily  concretes  on  cooling,  and  is  then  broken  into  frag- 
■Mtu  and  carried  to  the  soda  manufactory.  The  immense  quantity  of  gns  exhaled  in 
^■Khargine  the  pan,  renders  this  part  of  the  operation  very  painful  to  the  workmen ; 
>M  va«teful  in  reference  to  the  production  of  muriatic  acid.  The  diflficulty  of  luting 
**Brely  the  cast-iron  plates  or  fire  tiles  which  cover  the  pan,  the  imiK>ssibility  of  com- 
Pl^Uaf  the  decomposition  of  the  salt,  since  the  residuum  must  be  run  off  in  a  liquid 
^It,  finally,  the  damage  sustained  by  the  melting  and  corrosion  of  the  lead,  &>c.,  are 
**oag  the  causes  why  no  more  than  80  or  90  parts  of  muriatic  acid  at  1*170  are  collected, 
^Talent  to  25  per  cent,  of  real  acid  for  every  100  of  salt  employed,  instead  of  much 
than  doable  that  quantity,  which  it  may  be  made  to  yield  by  a  well-conducted 
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with  one  of  its  orbof  s  of  condenulian.  a  u  the  grate  i  b,  a  flreplaee,  in  which  twn 
iron  crlindera,  c  c,  ve  set  aloDgside  of  each  other.  Tbtj  are  S)t  ftet  ktag,  SO  »ehn  ia 
diameter,  about  {  of  ut  itch 
thick,  and  t«ke  1-6  cvta.  i^ 
■alt  foi  a  ehai^ ;  i(  n  the  aib- 
pit  j  (,  (,  an  caAiitm  lUi,  fit 
elo^ng  both  cndi  of  Ike  ejUa- 
den ;  /  ia  a  tube  in  Uw  pM- 
terior  lid,  for  ponrins  in  tki 
salpharie  acid;  g  ia  aMttka 
tube,  in  Ihe  anterior  lid,  for 
the  inaeition  of  the  bent  jifa 
of  hard  glaied  atoDe-wMe  1; 
i  in  a  thrae-nedied  Hone-witt 
carboft  k  u  ^  tnbe  of  nOcr; 

the  second  carbojr ;  m  m,  m  m, 
are  the   flue*   lewlins   to   the 

chiiiine]r  a. 

Alter  (be  «ah  has  been  introduced,  and  the  fire  kindled,  83}  per  cent,  of  it* 
weight  or  sulphuric  acid,  of  spec.  grav.  !'60,  should  be  slowly  poured  into  the  erlliidBt 
through  a  lead  funnel,  with  a  syphonJbrmed  pipe.  The  thTce-neclced  carbor*  may  ba 
either  placed  in  a  aeries  for  each  ietort,likea  range  of  Woulfe'i  bottles,  or  all  the  eaiboji 
or  (he  front  range  nay  be  placed  in  communication  with  one  another,  while  the  last  car- 
boy at  one  end  it  joined  to  the  first  c^  the  second  range  ;  and  (has  in  sueeeaskHi.  Tltey 
mus<  be  half  filled  with  cold  water;  and  when  convenient,  those  of  the  front  mil 
least,  should  be  plunged  in  an  oblong  trough  of  running  water.  The  acid  which  coo- 
denies  in  the  earboys  of  that  ra«  is  apt  lo  be  somewhat  contaminated  with  snlphoik 
acid,  muriate  of  imn,  or  even  sulphate  of  ioda  ;  but  (hal  in  the  second  and  thud  will  bo 
found  to  be  pure.  In  this  way  100  parts  of  sea-salt  will  yield  130  parts  of  muriatic  acid, 
of  s|iee.  grar.  1-19  ;  while  the  snlphale  of  soda  in  the  retort  will  afford  liom  SOS  U  2ID 
of  thai  salt  in  crystals.  . 

It  is  proper  lo  heal  all  the  parts  of  the  eylinden  eqaably,  to  ensure  the  sinndtaMiM 
decomposilion  of  Ihe  salt,  and  lo  protect  it  from  the  acid  ;  foi  the  hotter  the  inm,  aad  lbs 
stronger  (he  acid,  Ihe  less  erosion  ensues. 

Some  mannfaclurers,  with  the  Tiew  of  saring  fuel  by  the  conslraclion  of  their  ffamaeel, 
oppose  to  the  flame  as  many  obgtaeles  as  they  can,  and  make  it  perform  nnmeroiis  ciicnla- 
tions  round  Ihe  cylinders ;  but  this  system  is  bad,  and  does  not  even  effect  the  desinj 
economy,  because  the  passages,  being  narrow,  impair  the  draught,  snd  become  speedily 
choked  up  with  the  soot,  which  would  be  bamed  profitably  in  a  freer  space ;  Ihe  decoa- 
pDsi(iDa  also,  being  unequally  performed,  is  less  perfect,  and  the  cylinders  are  more  it- 
jared.  Il  i«  belter  to  moke  the  Same  envelope  at  once  (he  body  of  the  cyliader;  after 
which  it  may  circulate  beneath  the  vaolt,  in  order  to  give  out  ■  portion  of  its  calorie  b» 
fore  il  escapes  at  the  chimney. 

The  fire  should  be  briskly  kindled,  but  lowered  as  soon  as  the  distillation  ci 
and  then  continued  moderate  till  the  evolution  of  gas  dimiaishes,  when 
healed  ■omewbat  tUonglj  lo  finish  the  decompoaition.      The  iron  door  ii  ni 


MURUTEa 


870 


to  extract  the  sulphate  of  soda,  and  to  recommence  another  operation.    This  snlphate 
ought  to  be  white  and  uniform,  exhibiting  in  its  fracture  no  undecomposed  sea-salt. 

Liquid  muriatic  acid  has  a  very  sour  corrosive  taste,  a  pungent  suffocating  smell,  and 
acts  very  powerfully  upon  a  vast  number  of  mineral,  vegetable,  and  animal  substances. 
It  is  much  employed  for  making  many  metallic  solutions ;  and  in  combination  with  nitric 
acid,  it  forms  the  aqua  regia  of  the  alchemists,  so  called  from  its  property  of  dissolving 
gold. 

Table  of  Muriatic  Acid,  by  Dr.  Ure. 


Acid 
of  190 
in  100 


100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 


Specific 
grsTity. 


1*2000 

1*1982 
1*1964 
1*1946 
M928 
1*1910 
M893 
1*1875 
1*1857 
1*1846 
1*1822 
1*1802 
11782 
1-1762 
1*1741 
1*1721 
1*1701 
1*1681 
1*1661 
1*1641 
1*1620 
1*1599 
1*1578 
1*1557 
1*1536 
1*1515 
1*1494 
1*1473 
1*1452 
1*1431 


Chlo- 
rine. 


70  M410 

69  1*1389 

68  1*1369 

67  M349 


39-675 
39*278 
38*882 
33*485 
38-089 
37-692 
37*296 
36*900 
36*503 
36*107 
35*707 
36*310 
34*913 
34*517 
34-121 
33*724 
33*328 
32*931 
32*535 
32-136 
31*746 
31*343 
30-946 
30-550 
30*153 
29-757 
29*361 
28-964 
28*567 
28*171 
27*772 
27*376 
26*979 
26*583 


Muriatic 
Gas. 


40-777 
40*369 
39*961 
39-554 
39*146 
38*738 
38-330 
37*923 
37-516 
37*108 
36*700 
36-292 
35*884 
35*476 
35068 
34*660 
34*252 
33*846 
33*437 
33*029 
32*621 
32-213 
31-805 
31-398 
30*990 
30-582 
30-174 
29-767 
29-359 
28-951 
28-544 
28*136 
27*728 
27*321 


Acid 
of  120 
in  100 


66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
65 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 


Specific 
gmyity. 


1*1328 
1*1308 
1*1287 
1*1267 
1*1247 
1*1226 
1-1206 
1*1185 
1*1164 
1-1143 
1*1123 
1-1102 
1*1082 
1*1061 
1-1041 
1*1020 
1*1000 
I-0JJ80 
1*0960 
1*0939 
1*0919 
1*0899 
1*0879 
1-0859 
1.0838 
1-0818 
1-0798 
1-0778 
1*0758 
1-0738 
1-0718 
10697 
1-0677 
1-0657 


Chlo- 
rine. 


26*186 
25-789 
25*392 
24*996 
24*599 
24*202 
23*805 
23*408 
23*012 
22*615 
22*218 
21*822 
21*425 
21*028 
20-632 
20*235 
19*837 
19*440 
19*044 
18*647 
18*250 
17-854 
17-457 
17-060 
16-664 
16-267 
15-870 
15-474 
15-077 
14-680 
14-284 
13-887 
13-490 
13*094 


Muriatic 
Gas. 


Acid, 
ofltO< 
in  100 


26-913 
26*505 
26*098 
25*690 
25*2^^ 
24-874 
24*466 
24*058 
23*050 
23*242 
22*834 
22-426 
22*019 
21*611 
21-203 
20*796 
20*388 
19*980 
19*572 
19*165 
18-757 
18*349 
17-941 
17-534 
17-126 
16-718 
16-310 
15*902 
15-494 
15*087 
14-679 
14-271 
13-863 
13*456 


32 

31 

30 

29 

28 

27. 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


Specific 
giarity. 


10637 
1-0617 
1-0597 
1-0577 
1*0557 
1*0537 
1-0517 
1*0497 
1-0477 
1*0457 
1-0437 
1-0417 
1*0397 
1-0377 
1-0357 
1*0337 
1*0318 
1-0298 
1-0279 
1*0259 
1*0239 
1-0220 
1-0200 
1*0180 
1*0160 
1-0140 
1*0120 
1*0100 
1*0080 
1-0060 
1-0040 
1-0020 


Chlo- 
rine. 


12-697 
12-300 
11-903 
11*506 
11*109 
10*712 
10-316 
9-919 
9-522 
9*126 
8*729 
8-332 
7-935 
7-538 
7-141 
6-745 
6-348 
5-951 
5-554 
5-158 
4*762 
4-365 
3-968 
3-571 
3-174 
2*778 
2-381 
1-984 
1*588 
1-191 
0-795 
0*397 


Muriatic 
Gaa. 


1 


13*049 

12*641 

12-233 

11-825 

11-418 

11*010 

10*602 

10-194 

9*786 

9*379 

8-971 

8*563 

8-155 

7-747 

7-340 

6-932 

6*524 

6116 

6*709 

5-301 

4-893 

4-486 

4-078 

3*670 

3*262 

2*854 

2*447 

2*039 

1*631 

1-224 

0-816 

0-408 
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MURIATES  were,  till  the  great  chemical  era  of  Sir  H.  Davy's  researches  upon  chlo- 
rine, considered  to  be  compounds  of  an  undecompounded  acid,  the  muriatic,  with  the 
different  bases ;  but  he  proved  them  to  be  in  reality  compounds  of  chlorine  with  the 
metals.  Thar  are  all,  however,  still  known  in  commerce  by  their  former  appellation. 
The  only  mfflriates  much  used  in  the  manufactures  are,  Muriate  of  ammonia,  or  Sal 
Ammoniac  ;  muriaied  peroxyde  of  mercury,  Mebcurt,  bichloride  of;  muriate  of  soda,  or 
dUoride  of  todium,  see  Salt  ;  muriate  of  tin,  see  Calico-printing  and  Tin. 

MUSK  (Muse,  Fr. ;  Moschus,  Germ.)  is  a  peculiar  aromatic  substance,  found  in  a  sac 
between  the  navel  and  the  parts  of  generation  of  a  small  n^ale  quadruped  of  the  deer 
kind,  called  by  Linnsus,  Moschus  moscbiferus,  which  inhabits  Tonquin  and  Thibet. 
Tlie  color  of  musk  is  blackish-brown ;  it  is  lumpy  or  granular,  somewhat  like  dried  blood, 
with  which  substance,  indeed,  it  is  oAen  adulterated.  The  intensity  of  its  smeU  is  almost 
the  only  criterion  of  its  genuineness.  When  thoroughly  dried  it  becomes  nearly  scent- 
less; but  it  recovers  its  odor  when  slightly  moistened  with  water  of  ammonia.  The  Ton- 
quin musk  is  most  esteemed.  It  comes  to  us  in  small  bags  covered  with  a  reddish-brown 
hair ;  the  bag  of  the  Thibet  musk  is  covered  with  a  silver-gray  hair.  All  the  analyses 
of  musk  hitherto  made  teach  little  or  nothing  concerning  its  active  or  essential  constitu- 
ent.   It  is  used  in  medicines,  and  is  an  ingredient  in  a  great  many  perfumes. 


aSO  NAILS. 

MUSLIN  is  a  fine  cotton  fitlnric,  used  for  ladies'  robes ;  iridA  it  worn  eitlier  irtdh^ 

dyed,  or  printed. 

MUST  is  the  sweet  jaice  of  the  grape. 

MUSTARD  {Mouiardty  Fr. ;  Sa^,  Germ.)  is  a  plant  which  yields  tbe  we114aiowa 
seed  used  as  a  condiment  to  food.  M.  Lenormand  gives  the  foDowing  prescriptioB  lor 
preparing  mostard  for  the  table. 

With  2  pounds  of  very  fine  flour  of  mustard,  mix  half  an  ounce  of  each  of  the  follow- 
ing fresh  plants ;  parsley,  chervil,  celery,  and  tarragon,  along  with  a  dove  of  garlic,  asd 
twelve  salt' anchovies,  all  well  minced.  The  whole  is  to  be  triturated  with  the  flour  of 
mustard  till  the  mixture  becomes  uniform.  A  little  grape-must  or  sugar  is  to  be  added, 
to  give  the  requisite  sweetness ;  then  one  ounce  of  salt,  with  sofiicient  water  to  fivn  • 
thinnish  paste  by  rubbing  in  a  mortar.  With  this  paste  the  mustard  pots  being  nesii^ 
filled,  a  redhot  poker  is  to  be  thrust  down  into  the  contents  of  each,  which  remoTcs  (it 
is  said)  some  of  the  acrimony  of  the  mustard,  and  evaporates  a  little  water,  so  as  to  nske 
room  for  pouring  a  little  vinegar  upon  the  surface  of  the  paste.  Sach  table  mnstaid  ast 
only  keeps  perfectly  well,  but  improves  with  age. 

The  mode  of  preparing  table  mustard  patented  by  M.  Soy^s,  con^sted  in  steepisg 
mustard  seed  in  twice  its  bulk  of  weak  wood  vinegar  for  eight  days,  then  grinding  the 
whole  into  paste  in  a  mill,  i^utting  it  into  pots,  and  thrusting  a  redhot  jpcka  isto 
each  of  them. 

MUTAGE  is  a  process  used  in  the  south  of  France  to  arrest  the  progress  of  fennents- 
tion  in  the  must  of  the  grape.  It  consists  either  in  diffusing  sulphurous  acid,  from  bnn^ 
ing  sulphur  matches  in  the  cask  containing  the  must,  or  in  adding  a  little  nilphite  (aol 
sulphate)  of  lime  to  it.    The  last  is  the  best  process.    See  FERMEHTAnoir. 

MYRICINE  is  a  vegetable  principle  which  constitutes  from  20  to  30  per  cmLt£ 
the  weight  of  bees-wax,  being  the  residuum  from  the  solvent  action  of  alcohol  npon  that 
substance.  It  is  a  grayish-white  solid,  which  may  be  vaporized  almost  without  alter- 
ation. 

MYRRH  is  a  gum-resin,  which  occurs  in  tears  of  different  sizes ;  they  are  reddidk- 
brown,  semi-transparent,  brittle,  of  a  shining  fracture,  appear  as  if  greasy  under  the 
pestle,  they  have  a  very  acrid  and  bitter  taste,  and  a  strong,  not  disagreeable,  sneH 
Myrrh  flows  from  the  incisions  of  a  tree  not  well  known,  which  grows  in  Arabia  and 
Abyssinia,  supposed  to  be  a  species  of  amyrU  or  mimosa.  It  consists  of  resin  and  gum  ia 
proportions  stated  by  Pelletier  at  31  of  the  former  and  66  of  the  latter ;  but  by  Braconol, 
at  23  and  T7.    It  is  used  only  in  medicine. 


N. 

NACAR AT  is  a  term  derived  from  the  Spanish  word  nacary  which  signifies  mother  of 
pearl ;  and  is  applied  to  a  pale  red  color,  with  an  orange  cast.  See  CAUco-nuNTiiift. 
The  nacarai  of  Portugal  or  Btzetta  is  a  crape  or  fine  linen  fabric,  dyed  fugitirely  of  the 
above  tint,  which  ladies  rub  upon  their  countenances  to  give  them  a  roseate  hue.  The 
Turks  of  Constantinople  manuifacture  the  brightest  red  crapes  of  this  kind.    See  Rouge. 

NAILS,  MANUFACTURE  OF.     (Clou,  Fr. ;  Nagel,  Germ.) 

The  forcing  of  nails  was  till  of  late  years  a  handicraA  operation,  and  therefore  belonged 
to  a  book  of  trades,  rather  than  to  a  dictionary-  of  arts.  But  several  combinations  of 
machinery'  have  been  recently  employed,  under  the  protection  of  patents,  for  making  these 
useful  implements,  with  little  or  no  aid  of  the  human  hand ;  and  these  deserve  to  be 
noticed,  on  account  both  of  their  ingenuity  and  importance. 

As  nails  are  objects  of  prodigious  consumption  in  building  their  blockhouses^  thi 
citizens  of  the  United  States  very  early  turned  their  mechanical  genius  to  good  account  is 
the  construction  of  various  machines  for  making  them.  So  long  since  as  the  year  1810,  it 
appears,  from  the  report  of  the  secretary  of  their  treasury,  that  they  possessed  a  nm^hjBa 
which  perform(Ki  the  cutting  and  heading  at  one  operation,  with  such  rapidity  that  it 
could  turn  out  upwards  of  IDO  nails  per  minute.  *'  Twenty  years  ago,"  says  the  secretary 
of  the  state  of  Massachusetts,  in  that  report,  **  some  men,  then  unknovm,  and  then  ia 
obscurity,  bei^n  by  cutting  slices  out  of  old  hoops,  and,  by  a  common  vice  griping  these 
pieces,  headed  them  with  several  strokes  of  the  hammer.  By  progressive  improvement^ 
slitting-mills  were  built,  and  the  shears  and  the  heading  tools  were  perfected ;  yet  muc^ 
labor  and  expense  were  requisite  to  make  nails.  In  a  little  time  Jacob  Perkins,  Jona- 
than Ellis,  and  a  few  others,  put  into  execution  the  thought  of  cutting  and  of  heading  nails 
by  water  power ;  but,  being  more  intent  upon  their  machinery  than  upon  their  pecuntaiy 
affairs,  they  were  unable  to  prosecute  the  business.  At  different  times  other  men  have 
spent  fortunes  in  improvements  and  it  may  be  said  with  truth  that  more  than  one  mill 
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lion  of  dollars  has  been  expended ;  but  at  length  these  joint  efforts  are  crowned  with  com- 
plete success,  and  we  are  now  able  to  manufacture,  at  about  one  third  of  the  expense 
that  wrought  nails  can  be  manufactured  for,  nails  which  are  superior  to  them  for  at  least 
three  fourths  of  the  purposes  to  which  nails  are  applied,  and  for  most  of  those  purposes 
they  are  full  as  good.  The  machines  made  use  of  by  Odiome,  those  invented  by  Jonathan 
Ellis,  and  a  few  others,  present  very  fine  specimens  of  American  genius. 

<<  To  northern  carpenters,  it  is  well  known  that  in  almost  all  instances  i^  is  unneces- 
sary to  bore  a  hole  before  driving  a  cut  nail ;  all  that  is  requisite  is,  to  pla'ee  the  cutting 
edge  of  the  nail  across  the  grain  of  the  wood ;  it  is  also  true,  that  cut  naUs  will  hold  bet- 
ter in  the  wood.  These  qualities  are,  in  some  rough  building  works,  worth  twenty  per 
cent,  of  the  value  of  the  article,  which  is  equal  to  the  whole  expense  of  manufacturing. 
For  sheathing  and  drawing,  cut  nails  are  fall  as  good  as  wrought  nails ;  only  in  one 
respect  are  the  best  wrought  nails  a  little  superior  to  cut  nails,  and  that  is  where  it  is  ne- 
cessary they  should  be  clinched.  The  manufacture  of  cut  nails  was  bom  in  our  country, 
and  has  advanced,  within  its  bosom,  through  all  the  various  stages  of  infancy  to  manhood ; 
and  no  doubt  we  shall  soon  be  able,  by  receiving  proper  encouragement,  to  render  them 
taperior  to  wrought  nails  in  every  particular. 

<<  The  principal  business  of  rolling  and  slitting-mills,  is  rolling  nail  plates ;  they  also 
serve  to  make  nail  rods,  hoops,  tires,  sheet  iron,  and  sheet  copper.  In  this  State  we 
have  not  less  than  twelve. 

<<  These  mills  could  roll  and  slit  7000  tons  of  iron  a  year ;  they  now,  it  is  presumed, 
roil  and  slit  each  year  about  3500  tons,  2400  tons  of  which,  probably,  are  cut  up  into 
nails  and  brads,  of  such  a  quality  that  they  are  good  substitutes  for  hammered  nails,  and, 
in  fact,  have  the  preference  with  most  people,  for  the  following  reasons ;  viz.,  on  account 
of  the  sharp  comer  and  trae  taper  with  which  cut  nails  are  formed ;  they  may  be  driven 
into  harder  wood  without  bending  or  breaking,  or  hazard  of  splitting  the  wood,  by  which 
the  labor  of  boring  is  saved,  the  nail  one  way  being  of  the  same  breadth  or  thickness  from 
head  to  point." 

^ce  the  year  1820,  the  following  patents  have  been  obtained  in  England  for  making 
nails ;  many  of  them  of  American  origin : — 

jSUxander  Law,  September,  1821,  for  nails  and  bolts  for  ships'  fastenings,  made  in  a 
twisted  form,  by  hand  labor. 

Glatcoit  and  MitduU,  December^  1823,  for  ship  naUs  with  rounded  heads,  by  hand 
labor. 

Wilks  and  Ecroyd,  November,  1825,  for  an  engine  for  cutting  wedge-form  pieces  from 
plates. 

Ledsom  and  Jams,  December  11,  1827,  for  machinery  for  cutting  brads  and  sprigs  fh>m 
plates ;  it  does  not  form  heads. 

The  first  nail  apparatus  to  which  I  shall  particularly  advert,  is  due  to  Dr.  Church ;  it 
was  patented  in  his  absence  by  his  correspondent,  Mr.  Thomas  Tyndall,  of  Birmingham, 
in  December,  1827.  It  consists  of  two  parts ;  the  first  is  a  mode  of  forming  nails,  and 
the  shafts  of  screws,  by  pinching  or  pressing  ignited  rods  of  iron  between  indented  rol- 
lers ;  the  second  produces  the  threads  on  the  shafts  of  the  screws  previously  pressed. 
The  metallic  rods,  by  being  passed  between  a  pair  of  rollers,  are  rudely  shaped,  and  then 
eat  asunder  between  a  pair  of  shears ;  after  which  they  are  pointed  and  headed,  or  other- 
wise brought  to  their  finished  forms,  by  the  agency  of  dies  placed  in  a  revolving  cylinder. 
The  several  parts  of  the  mechanism  are  worked  by  toothed  wheels,  cams,  and  levers. 
The  second  part  of  Dr.  Church's  invention  consists  of  a  mechanism  for  cutting  the  threads 
of  screws  to  any  degree  of  obliquity  or  form.* 

Mr.  L.  W.  Wright's  (American)  apparatus  should  have  been  mentioned  before  the  pre- 
ceding, as  the  patent  for  it  was  sealed  in  March  of  the  same  year ;  though  an  amended 
patent  was  obtained  in  September,  1828.  Its  object  was  to  form  metal  screws  for  wood. 
I  have  seen  the  machinery,  but  consider  it  much  too  complex  to  be  described  in  the 
present  work. 

Mr.  Edward  Hancorne,  of  Skinner  street,  London,  nail  manufacturer,  obtained  a 
patent  in  October,  1828,  for  a  nail  making-machine,  of  which  a  brief  description  may 
give  my  readers  a  conception  of  this  kind  of  manufacture.  Its  principles  are  similar  to 
those  cMf  Dr.  Church's  more  eleborate  apparatus. 

The  rods  or  bars  having  been  prepared  in  the  usual  way,  either  by  rolling  or  hammer- 
ing, or  by  cutting  from  sheets  or  plates  of  iron,  called  slitting,  are  then  to  be  made  red- 
hot,  and  in  that  state  passed  through  the  following  machine,  whereby  they  are  at  once  cut 
into  suitable  lengths,  pressed  into  wedge  forms  for  pointing  at  the  one  end,  and  stamped 
at  the  other  end  to  produce  the  head.  A  longitudinal  view  of  the  machine  is  shown  in 
fig,  749.  A  strong  iron  frame-work,  of  which  one  side  is  shown  at  a  a,  supports  the 
whole  cf  the  mechanism.    6  is  a  table  capable  of  sliding  to  and  fro  horizontally.    Upon 
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this  table  are  the  clamps,  which  lay  hold  of  the  sides  of  the  rod 
the  shears  which  cut  the  rod  into  nail  lengths. 


as  it  adtueet :  M  •]§• 


These  clamps  or  holders  consist  of  a  fixed  piece  and  a  moveable  piece ;  the  latter  beiag 
brought  into  action  hj  a  lever.  The  rod  or  bar  of  iron  shown  at  c,  having  been  made 
redhot,  is  introduced  into  the  machine  by  sliding  it  forward  upon  the  table  6,  whea  the 
table  is  in  its  most  advanced  position ;  rotatory  motion  is  then. given  to  the  crank  shaft  dg 
by  means  of  a  band  passing  round  the  ri^er  pulley  e,  which  causes  the  table  6  to  be 
drawn  back  by  the  crank  rod  /:  and  as  the  table  recedes,  the  horizontal  lever  is  acted 
npon,  which  closes  the  clamps.  By  these  means  the  clamps  take  fast  hold  of  the  sides  of 
the  heated  rod,  and  draw  it  forward,  when  the  moveable  chap  of  the  shears,  abo  acted 
upon  by  a  lever,  slides  laterally,  and  cuts  off  the  end  of  the  rod  held  by  the  damps :  the 
piece  thus  separated  is  destined  to  form  one  nail. 

Suppose  that  the  nail  placed  at  g,  having  been  thus  brought  into  the  machine  and  eat 
off,  is  held  between  clamps,  which  press  it  sideways  (these  clamps  are  not  visible  in  this 
view) ;  in  this  state  it  is  ready  to  be  headed  and  pointed. 

The  header  is  a  steel  die  h,  which  is  to  be  pressed  up  against  the  end  of  the  nafl  by  a 
cam  t,  upon  the  crank-shaA ;  which  cam,  at  this  period  of  the  operation,  acts  against  the 
end  of  a  rod  k,  forming  a  continuation  of  the  die  h,  and  forces  up  the  die,  thus  comprea- 
ing  the  metal  into  the  shape  of  a  nail-head. 

The  pointing  is  performed  by  two  rolling  snail  pieces  or  spirals  I,  I.  These  pieces  tie 
somewhat  broader  than  the  breadth  of  the  nail ;  they  turn  upon  axles  in  the  side  ftamet. 
As  the  table  b  advances,  the  racks  m,  on  the  edge  of  this  table,  take  into  the  tooChei 
-segments  n,  n,  upon  the  axles  of  the  spirals,  and  cause  them  to  turn  round. 

These  Spirals  pinch  the  nail  at  first  close  under  Its  head  with  very  little  force ;  but  as 
they  turn  round,  the  longer  radius  of  the  spiral  comes  into  operation  upon  the  nail,  so  as 
to  press  its  substance  very  strongly,  and  squeeze  it  into  a  wedge  form.  Thus  the  nafl 
is  completed,  and  is  immtdiately  discharged  from  the  clamps  or  holders.  The  cairiage  ii 
then  again  put  in  motion  by  the  rotation  of  the  crank-shaH,  which  brings  another  portioa 
of  the  rod  c  forward,  cuts  it  off,  and  then  forms  it  into  a  nail. 

Richard  Prosaer,  July,  1831,  for  making  tacks  for  ornamental  furniture,  by  soldering  or 
wedging  the  spike  into  the  head.    This  also  is  the  invention  of  Dr.  Church. 

Dr.  William  Church,  Februar)',  1832,  for  improvements  in  machinery  for  malriag 
nails.  These  consist,  first,  in  apparatus  for  forming  rods,  bars,  or  plates  of  iron,  or  oCber 
metals;  secondly,  in  apparatus  for  converting  the  rods,  &.C.,  into  nails;  thirdly,  in  im- 
provements upon  Prosser's  patent.  The  machinery  consists  in  laminating  raUers,  uid 
compressing  dies. 

The  method  of  forming  the  rods  from  which  the  nails  are  to  be  made,  is  very  advantk- 
geous.  It  consists  in  passing  the  bar  or  plate  iron  through  pressing  rollers,  which  have 
indentations  upon  the  peripheries  of  one  or  both  of  them,  so  as  to  form  the  bar  or  {date 
into  the  required  shape  for  the  rods,  which  may  be  aAerwards  separated  into  rods  of  any 
desired  breadth,  .by  common  slitting  rollers. 

The  principal  object  of  rolling  the  rods  into  these  wedge  forms,  is  to  measure  out  ■» 
quantity  of  metal  duly  proportioned  to  the  required  thickness  or  strength  of  the  nail  in  its 
•everal  parts ;  which  quantity  corresponds  to  the  indentations  of  the  rollers. 

Thoma9  John  F^dler,  February  27,  1834,  for  an  improved  apparatus  for  making  square-' 
pointed,  and  also  flat-pointed  nails.  He  claims  as  his  invention,  the  application  <^  vet** 
licaJ  and  horizontal  hammers  (mounted  in  his  machine)  combined  for  the  paipose  o^ 
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tepehng  and  forming  the  points  of  the  nuils ;  which,  being  made  to  act  alternately,  re- 
semble hand  work,  and  are  therefore  not  so  apt  to  injure  the  fibrous  texture  of  the  iroui 
he  imagines,  as  the  rolling  machinery  is.    He  finishes  the  points  by  rollers. 

Miles  Berry,  February  19,  1834,  for  machinery  for  forming  metal  into  bolts,  rivetfly 
nails,  and  other  articles ;  being  a  communication  from  a  foreigner  residing  abroad.  He 
employs  in  his  machine  holding  chaps,  heading  dies,  toggle  joints,  cams,  &c.,  mechan- 
isms apparently  skilfully  contrived,  but  too  complex  for  admission  under  the  article  nail 
in  this  volume. 

William  Southvcood  blocker,  July,  1836.  This  is  a  machine  apparently  of  American 
parentage,  as  it  has  th^  same  set  of  features  aa  Ike  old  American  mechanisms  of  Perkins 
and  Dyer,  at  the  Britannia  Nail-works,  Birmingham,  and  all  the  other  American  machines 
since  described,  for  pressing  metal  into  the  forms  of  nails,  pins,  screw-shafls,  rivets,  &c. ; 
for  example,  it  possesses  pressers  or  hammers  for  squeezing  the  rods  of  metal,  and  form- 
ing the  shaiiks,  which  are  all  worked  by  a  rotatory  action ;  cutters  for  separating  the  ap- 
propriate lengths,  and  dies  for  forming  the  heads  by  compresiion,  also  actuated  by  revolv- 
ing cams  or  cranks. 

Mr.  Stocker  intends,  in  fact,  to  effect  the  same  sorts  of  operations  by  automatic  me- 
chanisms as  are  usually  performed  by  the  hands  of  a  nail-maker  with  his  hammer  and  anvil ; 
viz.,  the  shaping  of  a  nail  from  a  heated  rod  of  iron,  cutting  it  off  at  the  proper  length,  and 
then  compressing  the  end  of  the  metal  into  tiie  form  of  the  head.  His  machine  may  be 
said  to  consist  of  two  parts,  connected  in  the  same  frame ;  the  one  for  shaping  the  shank 
of  the  nail,  the  other  for  cutting  it  ofi"  and  heading  it.  The  fVame  consists  of  a  strong 
table  to  bear  the  machinery.  Two  pairs  of  hammers,  formed  as  levers,  the  one  pair 
made  to  approach  each  other  by  horizontal  movements,  the  other  pair  by  vertical  mov^ 
meats,  are  the  implements  by  which  a  portion  at  the  end  of  a  redhot  rod  of  iron  is 
beaten  or  pressed  into  the  wed^e-like  shape  of  the  shaft  of  a  naU. ,  This  having  been 
done,  and  the  rod  being  still  hot,  is  withdrawn  from  the  beaters,  and  placed  in  the  other 
part  of  the  machine,  consisting  of  a  pair  of  jaws  like  those  of  a  vice,  which  pinch  the 
shank  of  the  nail  and  hold  it  fast  A  cutter  upon  the  side  of  a  wheel  now  comes  round, 
and,  by  acting  as  the  moving  chap  of  a  pair  of  shears,  cuts  the  nail  off  from  the  rod. 
The  nail  shank  being  still  firmly  held  in  the  jaws  of  the  vice,  with  a  portion  of  its  end 
projecting  outwardly,  the  heading  die  is  slidden  laterally  until  it  comes  opposite  to  tha 
end  of  the  nail ;  the  die  is  then  projected  forward  with  great  force,  for  the  purpose  of 
what  is  termed  upsetting  the  meted  at  the  projecting  end  of  the  nail,  and  thereby  blocking 
<mt  the  htnd, 

A  main  shaft,  driven  by  a  band  and  rigger  as  usual,  brings,  as  it  revolves,  a  cam  into 
operation  upon  a  lever  which  carries  a  double  inclined  plane  or  wedge  in  its  front  or  acting 
part.  This  wedge  being  by  the  rotatory  cam  projected  forwards  between  the  tails  of 
one  of  the  pairs  of  hammers,  causes  the  faces  of  these  hammers  to  approach  each  other, 
and  to  beat  or  press  the  redhot  iron  introduced  between  them,  so  ,as  to  flatten  it  upon 
two  opposite  sides.  The  rotatory  cam  passing  round,  the  wedge  lever  is  relieved,  when 
springs  instantly  throw  back  the  hammers ;  another  cam  and  wedge-lever  now  brings 
the  second  pair  of  hammers  to  act  upon  the  other  two  sid^  of  the  naU  in  a  similar  way. 
This  is  repeated  several  times,  until  the  end  of  the  redhot  iron  rod,  gradually  advanced  by 
the  hands  of  the  workman,  has  assumed  the  desired  form,  that  is,  has  received  the  bevel 
and  point  of  the  intended  nail. 

The  rod  is  then  withdrawn  from  between  the  hammers,  and  in  its  heated  state  is  in- 
troduced between  the  jaws  of  the  holders,  for  cutting  oif  and  finishing  the  nail.  A  bevel 
pinion  upon  the  end  of  the  main  shaft,  takes  into  and  drives  a  wheel  upon  a  transverse 
shaft,  which  carries  a  cam  that  works  the  lever  of  the  holding  jaws.  The  end'of  the 
rod  hieing  so  held  in  the  jaws  or  vice,  a  cutter  at  the  side  of  a  wheel  upon  the  transverse 
shaft  separates,  as  it  revolves,  the  nail  from  the  end  of  the  rod,  leaving  the  nail  firmly 
heM  by  the  jaws.  By  means  of  a  cam,  the  heading  die  is  now  slidden  laterally  opposite 
to  the  end  of  the  nail  in  the  holding  jaws,  and  by  another  cam,  upon  the  main  shaft,  the  die 
is  forced  forward,  which  compresses  the  end  of  the  nail,  and  spreads  out  the  nail  into  the 
form  of  a  head.  As  the  main  shaft  continues  to  revolve,  the  cams  pass  away,  and  allow 
the  spring  to  throw  the  jaws  of  the  vice  open,  when  the  nails  fall  out ;  but  to  guard 
against  the  chance  of  a  nail  sticking  in  the  jaws,  a  picker  is  provided,  which  pushes  the 
nail  out  as  soon  as  it  is  finished. 

In  order  to  produce  round  shafts,  as  for  screw  blanks,  bolts,  or  rivets,  the  faces  of  the 
hammers,  and  the  dies  for  heading,  must  be  made  with  suitable  concavities. 

In  1835,  5,180,  and  in  1836,  5,580  tons  of  iron  nails  were  exported  from  the  United 
Kingdom. 

NANKIN  is  a  peculiarly  colored  cotton  cloth,  originally  manufactured  in  the  above 
named  ancient  capital  of  China,  from  a  native  cotton  of  a  brown  yellow  hue.  Nankin 
cloth  has  been  long  imitated  in  perfection  by  our  own  manufacturers ;  and  is  now  exi- 
ported  in  considerable  quantities  from  England  to  Canton.  The  following  is  the  ^racMa 
lor  4reing  ealico  a  nankin  color. 
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1.  Take  300  pounds  of  cotton  yarn  in  hanks,  being  the  quantity  which  four 
can  dye  in  a  day.    The  yarn  for  the  warp  may  be  abont  No.  27's,  and  that  for  the  wfA 
23's  or  24's. 

2.  For  aluming  that  quantity,  take  10  pounds  of  saturated  alum,  free  from  iron  (see 
Mordakt)  ;  divide  this  into  two  portions ;  dissolve  the  first  by  itself  in  hot  water,  so  as 
to  form  a  solution  of  spec.  grav.  1**  Baumc.  The  second  portion  is  to  be  reserved  for  the 
galling  bath. 

3.  Galling  is  given  with  about  80  pounds  of  oak  bark  finely  ground.  This  bark  may 
serve  for  two  quantities,  if  it  be  applied  a  little  longer  the  second  time. 

4.  Take  30  pounds  of  fresh  slaked  quicklime,  and  form  with  it  a  large  bath  of  lime' 
water. 

5.  Nitro^muriaie  of  tin.  For  the  last  bath,  10  or  12  pounds  of  solotioii  of  tin  are  nted, 
which  is  prepared  as  follows : 

Take  10  pounds  of  strong  nitric  acid,  and  dilute  with  pure  water  till  its  specific  graTity 
be  26^  B.  Dissolve  in  it  4633  grains  (10^  oz.  avoird.)  of  sal  ammoniac,  and  3  oz.  of  nitre. 
Into  this  solvent,  contained  m  a  bottle  set  in  cold  water,  introduce  successively,  in  very 
small  portions,  28  ounces  of  grain>tin  granulated.  This  solution,  when  made,  must  be 
kept  in  a  well  stoppered  bottle. 

Three  coppers  are  required,  one  round,  about  five  feet  in  diameter,  and  32  inches  deep^ 
for  scouring  the  cotton ;  2.  two  rectangular  coppers  tinned  inside,  each  5  feet  long  and  9(> 
inches  deep.  Two  boxes  or  cisterns  of  white  wood  are  to  be  provided,  the  one  for  the 
lime-water  bath,  and  the  other  for  the  solution  of  tin,  each  about  7  feet  long,  32  inches 
wide,  and  14  inches  deep ;  they  are  set  upon  a  platform  28  inches  high.  In  the  middle 
between  these  two  chests,  a  plank  is  fixed,  mounted  with  twenty-two  pegs  for  wriagaig 
the  hanks  upon,  as  they  are  taken  out  of  the  bath. 

6.  Muming,  AAer  the  cotton  yarn  has  been  scoured  with  water,  in  the  round  copper, 
by  being  boiled  in  successive  portions  of  100  pounds,  ft  must  be  winced  in  one  of  the 
square  tinned  coppers,  containing  two  pounds  of  alum  dissolved  in  96  gaUons  of 
at  a  temperature  of  165°  F.  It  is  to  be  then  drained  over  the  copper,  exposed  for 
time  upon  the  grass,  rinsed  in  clear  water,  and  wrung. 

7.  The  galling.  Having  filled  four-fiflhs  of  the  second  square  copper  with  water,  40 
pounds  of  ground  oak  bark  are  to  be  introduced,  tied  up  in  a  bag  <^  open  canTaas,  and 
boiled  for  two  hours.  The  bag  being  withdrawn,  the  cotton  yam  is  to  be  winced  throngk 
the  boiling  tan  bath  for  a  quarter  of  an  hour.  While  the  yam  is  set  to  drain  above  the 
bath,  28  ounces  of  alum  are  to  be  dissolved  in  it,  and  the  yam  being  once  more  winced 
through  it  for  a  quarter  of  an  hour,  is  then  taken  out,  drained,  wrang,  and  exposed  to  the 
air.  It  has  now  acquired  a  deep  but  rather  dull  yellowish  color,  and  is  ready  without 
washing  fur  the  next  process.    Bablah  may  be  substituted  for  oak  bark  with  adyantagc 

8.  The  liming.  Into  the  cistern  filled  with  fresh  made  lime-water,  the  hanks  of  cotton 
yam,  suspended  upon  a  series  of  wooden  rods,  arc  to  be  dipped  freely  three  times  in  rapid 
succession  ;  then  each'hank  is  to  be  separately  moved  by  hand  through  the  lime  bath,  till 
the  desired  carmclitc  shade  appear.    A  weak  soda  ley  may  be  used  instead  of  lime  water. 

9.  The  brightening  is  given  by  passing  the  above  hanks,  aAer  squeezing,  rinsing,  and 
airing  them,  through  a  dilute  bath  of  solution  of  tin.  The  color  thus  produced  is  said 
to  resemble  perfectly  the  nankin  of  China. 

Another  kind  of  nankin  color  is  given  by  oxyde  of  iron,  precipitated  upon  the  fibie 
of  the  cloth,  from  a  solution  of  the  sulphate,  by  a  solution  (JT  soda^    See  Cauco- 
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NAPLES  YELLOW  (Jaune  minirali  Fr. ;  Neapclgclb,  Germ.),  is  a  fine  yellow  pig- 
ment, called  giallolinOf  in  Italy,  where  it  has  been  long  prepared  by  a  secret  process ;  for 
few  of  the  recipes  which  have  been  published  produce  a  good  color.  It  is  employed  not 
only  in  oil  painting,  but  also  for  porcelain  and  enamel.  It  has  a  fresh,  brilliant,  rich  hue, 
but  is  apt  to  be  very  unequal  in  dififerent  samples. 

The  following  prescription  has  been  confidently  recommended.  Twelve  parts  of  me- 
tallic antimony  arc  to  be  calcined  in  a  reverberatory  furnace,  along  with  eight  parts  of 
red  lead,  and  four  parts  of  oxyde  of  zinc.  These  mixed  oxydes,  being  well  rubbed  together, 
are  to  be  fused ;  and  the  fusied  mass  is  to  be  triturated  and  elutriated  into  a  fine  powder. 
Chromate  of  lead  has  in  a  great  measure  superseded  Naples  yellow. 

NAPTHA,  or  ROCK-OIL  (HuiU  pStrole,  Fr. ,  Sleinol,  Germ.)  j  the  Seneca  oQ  of 
North  America  is  an  ethereous  or  volatile  oil,  which  is  generated  within  the  crust  of  the 
earth,  and  issues  in  many  different  localities.  The  colorless  kind,  called  naptha, 
occurs  at  Baku,  near  the  Caspian  Sea,  where  the  vapors  which  it  e2Lhale8  are  hiiwUfJ, 
and  the  flame  is  applied  to  domestic  and  other  economical  purposes.  Wells  are  alsQ 
dug  in  that  neighborhood,  in  which  the  naptha  is  collected.  Similar  petroleum  wells 
exist  in  the  territory  of  the  Birmans,  at  Yananghoung,  upon  the  river  Erawaddy,  80. 
hours'  journey  north-east  of  Pegu,  where  no  less  than  520  such  springs  issue  from  a 
pale  blue  clay,  soaked  with  oil,  which  rests  upon  roofing  sUte.    Under  the  slate  is  eoal 
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containing  much  pyrites.  Each  spring  yields  annually  173  casks  of  950  pounds  each. 
Petroleum  is  also  found  at  Amiano  in  the  datchy  of  Panna,  at  Saint  Zibio  in  the  grand 
dutchy  of  Modena,  at  Neufchatel  in  Switzerland,  at  Clermont  in  France,  upon  some 
points  of  the  banks  of  the  Iser,  at  Gabian,  a  village  near  Bczidres,  at  Tegemsee  in 
Bavaria,  at  Val  di  Noto  in  Sicily,  in  Zante,  Gallicia,  Wallachia,  Trinidad,  Barbadoes, 
the  United  States,  Rangoon,  near  Ava,  kc.  What  is  found  in  the  market  comes  mostly 
from  Trinidad.    The  city  of  Parma  is  lighted  with  naptha. 

The  Persian  rock-oil  is  colorless,  limpid,  very  fluid,  of  a  penetrating  odor,  a  hot  taste, 
and  a  specific  gravity  of  0*753  ;  it  is  said  to  boil  at  160^  F.  The  common  petroleum  has 
a  reddish-yellow  color,  which  appears  blue  by  reflected  light,  is  transparent,  has  a  spec, 
grav.  of  0*836,  and  contains,  according  to  Unverdori>en,  several  oils  of  different  degrees 
of  volatQity,  a  little  oleine  and  stearine,  resin,  with  a  brown  indifferent  subatance  held  in 
solution.  By  repeated  rectifications  its  density  may  be  reduced  to  0*758  at  60^  F. 
Native  naptha,  of  specific  gravity  0*749,  is  said  by  some  to  boil  at  201^  F.  The  con- 
densed vapor  consists  of  85*05  carbon,  and  14*30  hydrogen. 

The  naptha  procured  by  distilling  the  coal  oil  of  the  gas-works,  is  of  specific  gravity 
0-857,  boils  at  316°  F.,  and  consists  of,  carbon  83  04,  hydrogen  12*31,  and  oxygen 
4-65,  by  my  experiments. 

Rock-oil  is  very  inflammable;  its  vapor  forms  with  oxygen  gas  a  mixture  which 
violently  detonates,  and  produces  water  and  carbonic  acid  gas.  It  does  not  unite  with 
watrr,  but  it  imparts  a  peculiar  smell  and  taste  to  it ;  it  combines  in  all  proportions  with 
strong  alcohol,  with  ether  and  oils,  both  essential  and  unctuous ;  it  dissolves  sulphur, 
phosphorus,  iodine,  camphor,  most  of  the  resins,  wax,  fats,  and  softens  caoutchouc  into 
a  glairy  varnish.  When  adulterated  with  oil  of  turpentine,  it  becomes  thick  and  reddish 
brown,  on  being  agitated  in  contact  with  strong  sulphuric  add.  A  very  fine  black  pig- 
ment may  be  prepared  from  the  soot  of  petroleum  lamps. 

NAPTHALINE  is  a  peculiar  white  crystallizable  substance,  which  may  be  extract- 
ed by  distillation  from  coal  tar.  It  has  a  pungent  aromatic  smell  and  taste,  and  a  specific 
gravity  of  1*048.  It  is  a  solid  bicarburet  of  hydrogen,  consisting,  by  my  experiments,  of 
92*9  of  carbon,  and  7*1  of  hydrogen.    It  has  not  been  applied  to  any  use. 

NATRON  is  the  name  of  the  native  sesquicarbonate  of  soda,  which  occurs  in  Egypt, 
in  the  west  of  the  Delta ;  also  in  the  neighborhood  of  Fessan,  in  the  province  of  Sukena 
in  Northern  Africa,  where  it  exists  under  the  name  of  Trona,  crystallized  along  with  sul- 
phate of  soda ;  near  Symma,  in  Tartary,  Siberia,  Hungary,  Hindostan,  and  Mexico.  In 
the  last  country,  there  are  several  natron  lakes,  a  little  to  the  north  of  Zucatecas,  as  well 
at  in  many  other  provinces.  In  Columbia,  48  miles  from  Merida,  native  mineral  natron 
18  dog  up  from  the  bottom  of  lakes  in  lai^e  quantities,  under  the  name  of  Urao, 

According  to  Laugier,  the  Egyptian  natron  consists  of  carbonate  of  soda  22*44,  sulphate 
of  soda  18*35,  muriate  of  soda  38*64,  water  14-0,  insoluble  matter  6*0.  Trona  is  com- 
posed of  carbonate  of  soda  65*75,  sulphate  of  soda  7*65,  muriate  of  soda  2*63,  water  24, 
inaolnble  matter  1.  The  sesquicarbonate  may  be  artificially  prepared  by  boiling  for  a 
short  time  a  solution  of  the  bicarbonate. 

NEALIN6.    See  Annealing. 

NEB-NEB  is  the  East  Indian  name  of  Bablah. 

NEEDLE  MANUFACTURE.  When  we  consider  the  simplicity,  smallness,  and 
moderate  price  of  a  needle,  we  would  be  naturally  led  to  suppose  that  this  little  instru- 
ment requires  neither  much  labor  nor  complicated  manipulations  in  its  construction ;  but 
when  we  learn  that  every  sewing  needle,  however  inconsiderable  its  size,  passes  through 
the  hands  of  120  different  operatives,  before  it  is  ready  for  sale,  we  cannot  fail  to  be 
sitfprised. 

The  best  steel,  reduced  by  a  wire-drawing  machine  to  the  suitable  diameter,  is 
the  material  of  which  needles  are  formed.  It  is  brought  in  bundles  to  the  needle  fac- 
tory, and  carefully  examined.  For  this  purpose,  the  ends  of  a  few  wires  in  each  bundle 
are  cut  off,  ignited,  and  hardened  by  plunging  them  into  cold  water.  They  are  now 
snapped  between  the  fingers,  in  order  to  judge  of  their  quality ;  the  bundles  belonging 
to  the  most  brittle  wires  are  set  aside,  to  be  employed  in  making  a  peculiar  kind  of 
needles. 

After  the  quality  of  the  steel  wire  has  been  properly  ascertained,  it  is  calibred  by  means 
of  a  gauge,  to  see  if  it  be  equally  thick  and  round  throughout,  for  which  purpose  merely 
some  of  thu  coils  of  the  bundle  of  wires  are  tried.  Those  that  are  too  thick  are  returned 
to  the  wire-drawer,  or  set  apart  for  another  size  of  needles. 

The  first  operation,  properly  speaking,  of  the  needle  factory,  is  unwinding  the  bundles 
of  wires.  With  this  view  the  operative  places  the  coil  upon  a  somewhat  conical  reel, 
fig,  750,  whereon  he  may  fix  it  at  a  heieht  proportioned  to  its  diameter.  The  wire  is 
wound  off  upon  a  wheel  b,  formed  of  eight  equal  arms,  placed  at  equal  distances  round 
a  nave,  which  is  suppon^d  by  a  polished  round  axle  of  iron,  made  fast  to  a  strong 
upright  c,  fixed  to  the  floor  of  the  workshop.     Each  of  the  arms  is  54  inches  lon^  \  and 
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one  of  them,  d,  consists  of  two  jwrts ;  of  an  npper  part,  which  bears  the  cross  bar  b,  to 
which  the  wire  is  applied ;  and  of  an  under  part,  connected  with  the  nave.  The  part  i 
slides  in  a  slot  in  the  fixed  part  r,  and  is  made  fast  to  it  by  a  peg  at  a  proper  height  for 
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placing  the  ends  of  all  the  spokes  in  the  circumference  of  a  circle.  This  arrangement  is 
necessary,  to  permit  the  wire  to  be  readily  taken  ofl'  the  reel,  after  being  wound  tight 
round  its  eight  branches.  The  peg  is  then  removed,  the  branch  pushed  down,  and  the 
coil  of  wire  released.  Fig.  751  shows  the  wheel  in  profile.  It  is  driven  by  the  wind^ 
handle  e. 

The  new  made  coil  is  cut  in  two  points  diametrically  opposite,  either  by  hand  sheai% 
of  which  one  of  the  branches  is  fixed  in  a  block  by  a  bolt  and  a  nut,  as  shown  in  fig.  7fi2; 
or  by  means  of  the  mechanical  shears,  represented  in  fig.  7d3.  The  crank  a  is  moved  by 
a  hydraulic  wheel,  or  steam  power,  and  rises  and  falls  alternately.  The  extremity  of 
this  crank  enters  into  a  mortise  cut  in  the  arm  b  of  a  bent  lever  b  o  c,  and  is  made  6st 
to  it  by  a  bolt.  An  iron  rod  d  f,  hinged  at  one  of  its  extremities  to  the  end  of  the  aim 
c,  and  at  the  other  to  the  tail  of  the  shears  or  chisel  e,  forces  it  to  open  and  shut  alter- 
nately. The  operative  placed  upon  the  floor  under  f  presents  the  coil  to  the  action  of  tht 
shears,  which  cut  it  into  two  bundles,  composed  each  of  90  or  100  wires,  upwards  of  8 
feet  long.    The  chisel  strikes  21  blows  in  the  minate. 

These  bundles  are  aAerwards  cut  with  the  same  shears  into  the  desired  needle  lengthi^ 
these  being  regulated  by  the  diameter.  For  this  purpose  the  wires  are  put  into  a  semi- 
cylinder  of  the  proper  length,  with  their  ends  at  the  bottom  of  it,  and  are  all  cut  aeroM 
by  this  gauge.  The  wires,  thus  cut,  are  deposited  into  a  box  placed  alongside  of  thi 
workman. 

Two  successive  incisions  are  required  to  cut  100  wires,  the  third  is  lost ;  hence  the 
shears,  striking  21  blows  in  a  minute,  cut  in  10  hours  fully  400,000  ends  of  steel  wirc^ 
which  produce  more  than  800,000  needles.  The  wires  thus  cut  are  more  or  lets  bent» 
and  require  to  be  straightened.  This  operation  is  executed  with  great  promptitude,  by 
means  of  an  appropriate  instrument.  In  two  strong  iron  rings  a  b,  fig,  754,  of  whidi 
one  is  shown  in  front  view  at  c,  5000  or  6000  wires,  closely  packed  together,  are  put; 
and  the  bundle  is  placed  upon  a  flat  smooth  bench  l  m,  fig.  757,  covered  with  a  cast-iron 
plate  D  E,  in  which  there  are  two  grooves  of  sufficient  depth  for  receiving  the  two  ring 
bundles  of  wire,  or  two  openings  like  the  rule  f,  fig.  757,  upon  which  is  placed  the  open 
iron  rule  f,  shown  in  front  in  fig,  756  upon  a  greater  scale.  The  two  rings  must  be 
carefully  set  in  the  intervals  of  the  rule.  By  making  this  rule  come  and  go  five  or  six 
times  with  such  pressure  upon  the  bundles  of  wires  as  causes  it  to  turn  upon  k»  axis,  all 
the  wires  are  straightened  almost  instantaneously. 

The  construction  of  the  machine,  represented  in  fig.  757,  may  require  explanation. 
It  consists  of  a  frame  in  the  form  of  a  table,  of  which  l  m  is  the  top ;  the  cast- 
iron  plate  D  E  is  inserted  solidly  into  it.  Above  the  table,  seen  in  fig.  755  in  pla% 
there  are  two  uprights  c  H,  to  support  the  cross  bar  a  a,  which  is  held  in  forks  cut  ont 
in  the  top  of  each  of  the  two  uprights.     This  cross  bar  a  a,  enters  tightly  into  n 
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cut  in  the  swing  piece  n,  at  the  point  k,  where  it  is  fixed  by  a  strong  pin,  so  that 

the  horizontal  traverse  communicated  to  the  cross 
bar  A  A  affects  at  the  same  time  the  swing  piece  n. 
At  the  bottom  of  this  piece  is  fixed,  as  shown  in  the 
figure,  the  open  rule  f,  seen  upon  a  greater  scale 
in  fig.  756. 

When  the  workman  wishes  to  introduce  the 
bundle  b,  he  raises,  by  means  of  two  chains  i  k, 
fig.  757,  and  the  lever  o  o,  the  swing  piece  and 
the  cross  bar.  For  this  purpose  he  draws  down  the 
chain  i;  and  when  he  has  placed  the  bundle 
properly,  so  that  the  two  rings  enter  into  the  groove 
E  D,y!g.  755,  he  allows  the  swing  piece  to  fall  back, 
so  that  the  same  rings  enter  the  open  cleAs  of  the 
rule  F;  he  then  seizes  one  of  the  projecting  arms 
of  the  ch>8S  bar  a,  alternately  pulling  and  pushing 
it  in  the  horizontal  direction,  whereby  he  effects,  as 
already  stated,  the  straightening  of  the  wires. 

The  wires  are  now  taken  to  the  pointing-tools, 

which   usually  consist  of   about    30  grindstones 

arranged  in  two  rows,  driven  by  a  water-wheel. 

Each  stone  is  about  18  inches  in  diameter,  and  4 

L    inches  thick.     As  they  revolve  with  great  velocity, 

«nd  are  liable  to  fly  in  pieces,  they  are  partially  incased  by  iron  plates,  havins;  a  proper 

slit  in  them  to  admit  of  the  application  of  the  wires.    The  workman  seated  in  front 

of  the  grindstone,  seizes  50  or  60  wires 
between  the  thumb  and  forefinger  of  his 
right  hand,  and  directs  one  end  of  the 
bundle  to  the  stone.  By  means  of  a  bit  of 
stout  leather  called  a  thumb-piece,  of 
which  A,  fig,  758,  represents  the  profile, 
and  B  the  plan,  the  workman  presses  the 
wires,  and  turns  them  about  with  his  fore- 
finger, giving  them  such  a  rotatory  mo- 
tion as  to  make  their  points  conical.  This 
operation,  which  is  called  roughing  doum^ 
is  dry  grinding ;  because,  if  water  were 
made  use  of,  the  points  of  the  needles  would  be  rapidly  rusted.  It  has  been  observed 
long  ago,  that  the  silicious  and  steel  dust  thrown  off  by  the  stones,  was  injurious  to  the 
eyes  and  lungs  of  the  grinders ;  and  many  methods  have  been  proposed  for  preventing 
ito  bad  effects.  The  machine  invented  for  this  purpose  by  Mr.  Prior,  for  which  the 
Society  of  Arts  voted  a  premium,  deserves  to  be  gcnei-ally  known. 

A  A,  fig.  759,  is  the  fly-wheel  of  an  ordinary  lathe,  round  which  the  endless  cord  b  b 
passes,  and  embraces  the  pulley  c,  mounted  upon  the  axle  uf  the  grindstone  d.  The  fly- 
wheel is  supported  by  a  strong  frame  k  e,  and  may  be  turned  by  a  winch- handle,  as  usual, 
or  by  mechanical  power.  In  the  needle  factories,  the  pointing-shops  are  in  c^eneral 
▼ery  large,  and  contain  several  grindstones  running  on  the  same  long  horizontal  shaA, 
placed  near  the  floor  of  thj^  apartment,  and  driven  by  water  or  steam  power.  One  of  the 
extremities  of  the  shad  of  the  wheel  a  has  a  kneed  or  bent  winch  f,  which  by  means  of 
an  intenne:liate  crank  c  g,  sets  in  action  a  double  bellows  h  i,  with  a  continuous  blast, 
eonststin?  of  the  air  feeder  h  below,  and  the  air  regulator  i  above.  The  first  is  com 
posed  of  two  flaps,  one  of  them,  a  a,  being  fast  and  attached  to  the  floor,  and  the  other, 
c  e,  movins:  with  a  hinge-joint ;  both  being  joined  by  strong  leather  nailed  to  their  ed?es. 
This  flap  has  a  tail  g,  of  which  the  end  is  forked  to  receive  the  end  of  the  crank  o. 
Both  flaps  are  perforated  with  openings  furnished  with  valves  for  the  admission  of  the 
air,  which  is  thence  driven  into  a  horizontal  pipe  k,  placed  beneath  the  floor  of  the  work- 
shop, and  may  be  afterwards  directed  in  an  uninterrupted  blast  upon  the  trrindstone,  by 
means  of  the  tin  tubes  n  o  o,  which  embrace  it,  and  have  longitudinal  slits  in  them.  A 
brass  socket  is  supposed  to  be  fixed  upon  the  ground ;  it  communicates  with  the  pipe  k, 
by  means  of  a  small  copper  tube,  into  which  one  of  the  extremities  of  the  pipe  n  is  fit- 
ted ;  the  other  is  supported  by  the  point  of  a  screw  Q,  and  moves  round  it  as  a  pivot,  so 
as  to  allow  the  two  upright  branches  o  o,  to  be  placed  at  the  same  distance  from  the 
grindstone.  These  branches  are  soldered  to  the  horizontal  pipe  n,  and  connected  at  their 
top  by  the  tube  p. 

The  wind  which  escapes  through  the  slits  of  these  pipes,  blows  upon  the  grindstone, 
and  carries  off  its  dust  into  a  conduit  b,  fig.  759,  which  may  be  extended  to  8,  beyond 
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A  «afet7  tb]v«  j,  plae»l  in  an  oiiQee  fonned  in  the  regnUtor  flap  i,  ii  kepC  ihBl  l^r  a 
■pinl  ipria;  of  strong  iron  wire.  It  open*  to  sllow  the  ■nperfluonl  air  to  eieap^  vfcH^ 
1^  the  risin;  of  Ihe  bellows,  the  tail  L  pretsea  opoa  a  small  piece  of  wood,  txtl  tbenlT 
prevents  their  beia^  injured. 

The  virei  thus  pointed  at  both  end*  ere  tranfferred  to  the  first  woriuhop,  and  est  i> 
two,  lo  roim  two  nerdlea,  M  thnl  all  of  one  quality  may  be  or  equal  lei^lh.  For  caA 
tort  a  small  iDBlninienl,^g.  760,  is  enplofed,  being  a  copper  plate  nearly  sqaare,  hanig 
a  tomed  up  ec);e  only  upon  two  of  its  sides  ;  the  one  of  which  is  intended  lo  receive  bH 
the  points,  and  the  other  to  resist  the  pressure  of  the  shenrs.  In  Ibii  small  tool  a  eertaia 
number  or  wires  are  put  with  their  points  in  contact  with  the  border,  and  they  are  eat 
together  flu»h  with  Ihe  plate  by  meane  of  the  shears,  fig.  152,  which  are  moved  by  Ibe 
knee  of  the  workman.  The  remainder  of  the  wires  are  then  laid  upon  the  same  eoppei 
or  brass  tool,  and  are  cut  also  even  ;  there  beit^  a  trifling  waste  in  this  operation.  Tta 
pieces  of  wire  out  of  which  two  needles  are  fonned,  are  always  left  a  Utile  too  long,  M 
the  pointer  can  never  hit  eiacl  uniformity  in  bis  work.     • 

These  pointed  wires  are  laid  parallel  lo  each  other  in  little  wooden  boles,  and  trandir- 
red  to  the  head-Hnltener.  This  workman,  sealed  at  a  table  with  a  block  oT  steel  befbn 
him,  about  3  inches  cube,  seizes  in  his  left  hand  20  or  25  needles,  between  his  finger  ud 
thnmb,  spreading  them  out  like  a  fan,  with  the  iwints  under  the  thumb,  and  the  beads 
projecting;  he  lays  these  heads  upon  the  steel  block,  and  with  a  small  Bat^aced  hamTiur 
itrikes  successive  blows  upon  all  the  heads,  so  as  lo  flatten  each  in  an  instant.  Ha  tba 
arran^  them  in  ■  box  with  the  points  turned  Ihe  same  way. 

The  flatted  heads  have  become  hardened  by  (he  blow  of  the  hammer  j  when  aiiDeaM 
by  heating  and  slow  cooling,  they  are  handed  to  the  pUrcrr.  This  is  eopunonly  a  ebil^ 
who  layinc  the  head  opon  a  block  of  steel,  and  applying  the  point  of  a  small  pond  t» 
it,  pierces  Ihe  eye  with  a  smart  lap  of  a  hammer,  applied  first  apon  the  one  aide,  aal 
then  exactly  opposite  upon  the  other. 

Another  child  trims  Ihe  eyes,  which  be  does  by  laying  the  needle  upon  a  tump  of  leaL 
•ud  driving  a  proper  panch  through  its  eye  t  then  laying  it  sidewtse  upon  a  flat  piece  of 
(teel,  with  the  punch  slickiag  in  it,  he  gives  it  a  tap  on  each  side  with  his  hammer,  and  . 
noses  the  eye  lo  toke  the  shape  of  the  punch.  The  operation  of  piereing  and  tiinuniif 
the  eyes,  is  performed  by  clever  children  with  astonishing  rapidity  ;  who  become  id  daK- 
lemus  as  to  pierce  with  their  punch  a  homan  hair,  and  thread  it  with  another,  lor  Ikt 
amusement  of  visiters. 

The  next  operative  makes  the  groove  at  Ihe  eye,  and  rounds  the  head.  He  fiu*  Ih* 
aeedle  in  pincers,;!^.  761,  so  that  the  eye  cori^ponds  lo  Iheir  flat  side;  he  IhenreMttht 
bead  of  the  needle  in  an  ani^lar  groove,  cut  in  a  piece  of  hard  wood  fixed  in  a  Titi^ 
with  the  eye  in  an  uprichl  position.  He  now  forms  the  trroove  with  a  single  iUkt 
oT  a  small  file,  dexterously  applied,  first  lo  the  one  side  of  the  needle,  and  then  to  Ikl 
other.  He  next  rounds  and  nnoolhs  the  head  with  a  small  flat  file.  Having  finiibad, 
he  opens  Ihe  pincers,  throws  Ihe  needle  npon  the  bench,  and  puis  another  in  its  plaMk 
A  still  more  expeditious  melhsl  of  making  (he  grooves  and  finishing  the  heads  hw 
been  long  used  in  most  English  facloiies.  A  small  ram  is  so  mounted  as  to  be  made  to 
rise  and  fall  by  a  pedal  lever,  so  that  Ihe  child  works  Ihe  tool  with  bis  foot ;  in  tha 
Mme  way  oi  the  head)  of  pini  are  fixed.    A  small  die  of  tempered  ateel  bears  Uie  IbfB 
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dAtaat  dannel  or  groore,  ■DoUitr  timilw  die,  QtU  of  Ute  other,  botb  bciag  in  relief ; 
tm  bang  worked  br  the  lenr  pedal,  finiih  the  groorin;  of  the  ere  nt  n  liogle  blow,  bjr 
■ikiag  u^iaU  each  other,  with  the  head  of  the  Medle  between  Ibem. 

Tte  whole  ef  the  aeedlca  thai  prepared  are  thrown  pell-mell  into  a  lort  of  drawer  m 
hi,  b  which  ther  are,  hj  a  few  deitenniB  jerici  of  the  wDrkman't  hand,  made  to  arrange 
*J»elT|ij  parallel  to  each  other. 

TheMotleiare  now  ready  for  the  lempeTiiiKi  fbr  which  purpose  the}  are  weighed  oat 
il  ^Mntitin  of  aboat  30  pound*,  which  eoatain  fron  ZSO,000  to  S0O,O0O  needlcf,  and  are 
aniri  in  boiei  to  the  Ittnpmr.  He  arrange!  theae  apon  aheet-iroD  pUtei,  about  10 
iHhci  long,  and  9  inehet  broad,  haTing  harden  only  upon  the  two  longer  sides-    Theac 

el  are  healed  in  a  junper  ramace  to  bright  rednen  for  the  larger  needles,  and  to  a 
iDtnue  degree  for  the  smaller ;  they  are  taken  out,  and  inTcited  smartly  .over  a  eia- 
tnacf  water,  w  that  all  the  needle*  may  be  inunersed  at  the  same  moment,  yet  dbtinet 
tm  oae  another.  The  water  being  ran  olf  froai  the  cistern,  the  needles  are  remored, 
mi  arranged  by  agitatioa  in  a  box,  as  abore  described.  Instead  of  healing  the  needles 
ii  I  fnmaec,  sook  manofactureia  heat  them  by  means  of  a  bath  of  melted  lead  in  a  state 

Aller  being  anddenly  plnnged  in  the  eoB  water,  they  are  Tery  hard  and  eicestimdy 
Udle.  The  following  mode  of  tempering  Ihem  is  pmclised  at  rfenstadl.  The  needles 
n  thrown  into  a  sort  of  frying-pan  along  with  a  qoanlity  of  grease.  The  pan  being 
|hctd  on  the  fire,  the  fatty  matter  soon  inflames,  and  is  allowed  to  bum  onl;  the 
Mefin  are  now  (band  to  be  safficienily  well  lempered.  They  mnsi,  howcTcr,  be 
Mdjeated  upoit  the  steel  annl,  beeaose  many  of  them  get  twilled  in  the  hardening  artd 
^eriag. 

NiiUag  is  the  longest  and  not  the  least  expensiTe  process  in  the  needle  manufactwe. 
Aa  is  done  npon  bandies  containing  000,000  needles;  and  the  tame  machine,  nndei 
Ai  gaidaaee  at  one  man,  polishes  ft-om  20  to  30  bnndlea  al  a  lime ;  either  by  water  or 
■>■■  power.  The  needle*  are  rolled  np  in  canvas*  along  with  some  qaartiose  sand 
■iBitniited  between  their  layers,  and  the  mixtnre  is  bMUteared  with  rape-«eed  oiL 
At  T8!  rrprcacnl*  one  d'  the  rolls  or  packet*  of  needles  12  inches  long,  strongly 
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9i  wUh  Med*.  Tlese  pacbeU  are  eipoeed  to  the  lo-and-fro  pressure  of  wooden 
Ub,  by  which  they  are  rolled  about,  with  the  cifeel  of  csundr  every  needle  in  the 
•de  b>  rah  against  its  fellow,  and  agsinsl  the  nilieioua  mailer,  or  emerv,  encloiwd 
■he  bag.  Fig.  763  rapresentB  an  improved  table  for  poliihine  the  ncedie*  by  nltri- 
»4ag>.  The  lower  table  m  M  is  moveable,  whereas  in  Ihe  old  constructions  il  was 
If;  the  tatde  C  has  merely  a  vertical  muliun,  of  prcMure  upon  Ihe  bundlp-^,  whrreas 
Mriy  It  bttl  both  a  vertical  and  horizontal  mulion.  Several  bundles  may  obviouily 
rtlished  at  once  in  the  prewnt  mschine.  The  lablc  M  K  may  be  of  any  IrnElh  that 
Hfaired,  and  from  24  to  27  inchei  broad ;  reslinK  upon  the  wooden  rollirs  s,  a,  a, 
aid  al  suiuble  ditfances,  il  reccivi't  a  horizontal  motion,  eithpr  by  hiind  nr  other 
maienl  power ;  the  packets  of  needles  a,  a,  a,  are  laid  npon  it,  and  over  them  the 
lei  c,  c,  c  which  are  liAed  by  mean*  of  the  chain*  a,  x,  ■Tan''  ">'  Jrvm  l,  l,  l,  ia 
ki  u  allow  the  needle*  lo  be  introduced  or  removed.  The  see-saw  motioa  brtM 
'  nabsaf  lo  torn  npon  their  own  axe«,  and  thereby  create*  aiich  altrilion  amof 
»  (BBlcBl*  a*  lo  polUb  Ihem.    The  wotkoim  hw  merclr  to  distrihnie  thcM  nUi 
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nport  the  table  h,  in  a  direclioa  perpendknlar  to  Ih&t  in  whicli  the  talde  mora;  iri 
ThencTer  one  of  them  ftu  displaced,  he  teti  il  ri^hl,  liflin;  b;  the  help  of  the  dMi 
the  loaded  table.  The  table  make*  about  20  boriioolal  double  Tibntiona  in  the  nuDilt) 
vhereby  each  bnndte,nianingoTer  24  inches  each  time,  panea  through  40  feet  fannsKtt, 
or  SOO  yards  in  the  hour. 

Bcouring  by  Iht  ciuk.  After  bein;  woiked  during  18  or  20  houn  under  the  tablet,  At 
needles  are  Isken  oat  of  Ihe  paekeU,  and  pat  into  wooden  bo«]s,  where  Itaer  are  niltl 
with  uvdusl  to  absorb  the  black  grease  apon  (heir  surfaces.  They  are  next  intradBnl 
JDlo  a  eiaVtfig.  764,  and  a  workman  seizing  the  winch  p,  turns  it  round  a  Utile;  be  ■>> 
puts  in  some  more  sawdust  at  the  door.  A,  a,  which  is  (hen  shut  by  the  daapa  c  c,  nl 
continues  (be  rotation  (ill  (he  nerdlet  be  quite  clean  and  clear  in  their  ere* ;  which  ht 
ateeriains  by  taking  out  a  sample  of  them  from  time  to  tine. 

H'iiuouiiag  is  the  ncKt  process,  by  means  of  a  mechanical  ventilator  rimilar  to  thal^ 
which  com  is  winnowed.  The  sawdust  is  blown  away,  and  the  grinding  powda  ■ 
•eparaled  from  the  needles,  which  remain  apart  clean  and  brighL 

The  needles  are  In  the  next  place  arranged  in  order,  by  beini;  shakeiii  as  abore  d^ 
Kribed,  in  a  smnll  somewhat  concave  iron  (ray.  Afler  beinct  ihiu  laid  pMrallel  to  ead 
other,  (hey  are  shaken  up  against  the  end  of  the  tray,  and  accumalaled  in  a  nearly  tf- 
rif  ht  position,  so  that  they  can  be  seiied  in  a  heap  and  remoTed  ia  a  body  npon  a  paU 
knife,  with  the  help  of  the  forefinger. 

The  preceitin;  five  operations,  of  miking  up  the  ronbaax,  railing  them  under  Iti 
tables,  Bcuurintt  the  needles  in  (he  cask,  winnowing,  and  arranginc  ^ein,  are  Kptatil 
ten  times  in  succession,  in  manuTacluring  (be  best  articles;  the  only  variatioa  boaf  ii 
the  first  process.  Originally  Ihe  bundles  of  needles  are  Ibrmed  with  alternate  laycn  rf 
■ilieious  schistus  and  needles ;  but  after  the  sereiKh  (ime,  bran  freed  Com  floor  bj  sfr 
ing  is  sub<iiiuled  for  Ihe  schisius.  The  subseqnenl  four  procenet  are,  however,  repM> 
ed  as  described.     Il  has  been  found  in  England,  thai  emery  powdermiud  With  qnaitiiil 
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Duea  or  poanded  granite,  is  preferable  to  ererylhing  else  for  polishing  needlet  at  SrH  b; 
at(ri(ion  in  (he  bajn;  at  the  second  and  following  ciperaliunB,  emery  mixed  with  olivtoa 
is  used,  up  to  the  eighth  and  ninth,  for  which  puny  or  oiyde  of  tin  with  oil  ia  aubstitnlel 
Tor  the  emery ;  at  the  tenth  (he  patty  is  used  with  very  lillle  oil  t  and  lastly  bran  ii  o- 
ployed  lo  give  a  finish.  In  this  mode  of  operating,  the  needles  are  tcainrd  in  the  eoppR 
ensk  shown  in  eWalion  in^g.  7fi5,  and  in  section  in^g.  768.  The  inner  surface  of  Ikh 
cask  is  studied  wilh  points  to  increase  Ihe  friction  amone  the  needles;  and  aqnantityof 
hot  soap  suds  is  repcaledly  introduced  to  wash  Ihem  clean.  The  cask  mutt  be  slcnrty 
turned  upon  its  axis,  for  fear  of  injQving  the  mass  of  needles  which  it  containa.  Thq 
•re  Anally  dried  in  the  wooden  cask  by  attrition  with  sawdust  j  ihen  wiped  indiratiillf 
with  a  linen  mg  or  soft  leather ;  when  the  damazed  ones  are  thrown  aside. 
.  Sorting  ofihf  nealhi.  This  operation  is  performed  in  a  dry  upper  chamber,  kept  ft« 
ftom  damp  by  proper  stores.  Here  all  the  points  are  firsl  laid  the  same  way  {  and  (hi 
needlen  are  then  picked  oqI  from  each  other  in  Ihe  order  of  their  polish.  The  loniif  ■> 
efledH  with  surprisinir  fBcUily.  The  workman  places  2000  or  3000  needles  in  an  i« 
rinr,/g.  TfiT.  two  inches  in  diameter,  and  sels  all  Iheir  heads  in  one  plane;  thea  <■ 
looking  cnrefnllr  nl  their  points,  be  easily  recnznisa;  the  brnken  cines  ;  and  by  neaasrf 
>  small  hook  fixed  In  a  wooden  handle,/ig.  T6R,  he  lays  hold  of  the  broken  needle,*!' 
turns  it  out.  These  defertive  needles  p.-iss  into  Ihe  hands  of  another  worlunaa,  win 
poinU  (hem  anew  upon  a  urindslone,  and  Ihoy  form  articles  of  inferior  value.  The  nealtgl 
which  have  got  bent  in  the  polishing  must  now  be  straightened.  The  whole  ate  flaiOr 
■Ranged  exactly  according  to  their  lengths  by  the  lact  oT  the  finger  and  thnmb  oflha 

Tbt  neodlea  are  divided  into  quaatitie*  for  packing  in  blue  papers,  by  pntliag  ian  ■ 
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imall  balance  the  equivalent  weight  of  100  needles,  and  so  measnring  them  ont  withont 
the  trouble  of  counting  them  individually. 

The  biuer  receives  these  packets,  and  taking  26  of  their  needles  at  a  time  between  the 
forefinger  and  thumb,  he  presses  their  points  against  a  very  small  hone-stone  of  compact 
micaceous  schist,  mounted  in  a  little  lathe,  as  shown  in  fig,  769,  he  turns  them  briskly 
round,  giving  the  points  a  bluish  cast,  while  he  polishes  and  improves  them.  This  partiid 
polish  is  in  the  direction  of  the  ms ;  that  of  the  rest  of  the  needle  is  transverse,  which 
distinguishes  the  boundaries  of  the  two.  The  little  hone-stone  is  not  cylindrical,  but 
quadrangular,  so  that  it  strikes  successive  blows  with  its  comers  upon  the  needles  as  it 
revolves,  producing  the  effect  of  filing  lengthwise.  Whenever  these  angles  seem  to  be 
blonted,  they  are  set  again  by  the  bluer. 

It  if  easy  to  distinguish  good  English  needles  from  spurious  imitations ;  because  the 
lormer  have  their  axis  coincident  with  their  points,  which  is  readily  observed  by  turning 
them  round  between  the  finger  and  thumb. 

The  construction  of  a  needle  requires,  as  already  stated,  about  120  operations ;  but 
they  are  rapidly  and  uninterruptedly  successive.  A  child  can  trim  the  eyes  of  4000 
Kcedles  per  hour. 

When  we  survey  a  manufacture  of  this  kind,  we  cannot  fail  to  observe,  that  the  diver- 
sity of  operations  which  the  needles  undergo  bears  the  impress  of  great  mechanical  refine- 
ment. In  the  arts,  to  divide  labor,  is  to  abridge  it ;  to  multiply  operations,  is  to  simplify 
them ;  and  to  attach  an  operative  exclusively  to  one  process,  is  to  render  him  much  more 
economical  and  productive. 

NEROLI  is  the  name  given  by  perfumers  to  the  essential  oil  of  orange  flowers.  It  is 
procured  by  distillation  with  water,  in  the  same  way  as  the  other  volatile  oils.  Since  in 
distilling  water  from  neroli,  an  aroma  is  obtained  different  from  that  of  the  orange-flower, 
il  has  been  concluded  that  the  distilled  water  of  orange-flowers  owes  its  scent  to  some 
jrinciple  different  from  an  essential  oil. 

NKX  (Filet,  reseau,  Fr. ;  Netz,  Germ.)  is  a  textile  fabric  of  knotted  meshes,  for 
catching  fish,  and  other  purposes.  Each  mesh  should  be  so  secured  as  to  be  incapable  of 
enlargement  or  diminution.  The  French  government  offered  in  1802  a  prize  of  10,000 
francs  to  the  person  who  should  invent  a  machine  for  making  nets  upon  automatic 
principles,  and  adjudged  it  to  M.  Buron,  who  presented  his  mechanical  invention  to  the 
CaiuervaUnre  dee  jMt  et  Mitiere.  It  does  not  appear,  however,  that  this  machine  has 
accomplished  the  object  in  view ;  for  no  establishment  was  ever  mounted  to  carry  it  into 
execution.  Nets  are  usually  made  by  the  fishermen  and  their  families  during  periods  of 
leisure.  The  formation  of  a  mesh  is  too  simple  a  matter  to  require  description  in  this 
Dictionary. 

NEUTRALIZATION  is  the  state  produced  when  acid  and  alkaline  matters  are  com- 
bined in  such  proportions  that  neither  predominates,  as  evinced  by  the  color  of  tincture 
of  litmus  and  cabbage  remaining  unaffected  by  the  combination. 

NICARAGUA  WOOD  is  the  wood  of  the  C^Bsalpinia  echinata,  a  tree  which  grows  in 
Nicaraca.  It  is  used  with  solution  of  tin  as  a  mordant  to  dye  a  bright  but  fugitive  red. 
It  is  an  inferior  sort  of  Brazil  wood. 

NICKEL  is  a  metal  rather  sparingly  found,  and  in  few  localities ;  being  usually  asso- 
ciated with  cobalt.  Native  nickel  occurs  at  Westerwald  in  the  Erzegebirge,  in  Bohemia, 
combined  with  arsenic,  under  the  significant  name  of  Kupfemitkel;  with  cobalt,  iron,  and 
copper,  as  Jrsenic-nickely  in  the  Harz  ;  at  Riechelsdorf  in  Hessia ;  as  an  oxyde,  in  Nickel- 
ichw&rtze ;  as  a  sulphuret  of  nickel  in  Haarkiee ;  as  a  sulphuret  and  arseniate  of  nickel 
in  Nideelglans ;  and  with  sulphur  and  antimony  in  Nickeltpieee  glanzerz .  at  Siegen. 
Nickel  is  always  present  in  meteoric  stones.  Kupfemickel  occurs  in  numerous  external 
shapes;  as  reniform,  globular,  botroidal,  arborescent,  massive,  and  disseminated ;  fracture, 
eoarse  or  fine  grained,  with  metallic  lustre ;  color,  copper  red,  occasionally  brown  and 
gray ;  in  silver  and  cobalt  veins,  in  gneiss,  sienite,  mica-slate,  kupfer-schiefer,  accompa- 
nied by  speisse  cobalt,  native  silver,  quartz,  &c.  It  is  found  in  Westphalia  near  Olpe,  in 
Hessia  at  Riechelsdorf,  and  Biber,  in  Baden ;  in  the  Saxon  Erzegebirire  near  Schneeberg, 
aiid  Freiberg ;  in  Bohemia,  at  Joachimsthal ;  in  Thuringia,  at  Saalfeld ;  in  Steycrmaric 
near  Sehladming ;  in  Hungary,  France,  and  England. 

Since  the  manufacture  of  German  silver,  or  Jtrgentane,  became  an  object  of  commercial 
importance,  the  extraction  of  nickel  has  been  undertaken  upon  a  considerable  scale.  The 
cobalt  ores  are  its  most  fruitful  sources,  and  they  are  now  treated  by  the  method  of 
Wohler,  to  effect  the  separation  of  the  two  metals.  The  arsenic  is  expelled  by  roasting 
tlie  powdered  »peise,  first  by  itself,  next  with  the  addition  of  charcoal  powder,  till  the  garlic 
SDiell  be  no  longer  perceived.  The  residuum  is  to  be  mixed  with  three  parts  of  sulphur 
and  one  of  potash,  melted  in  a  crucible  with  a  gentle  heat,  and  the  product  beins:  edul- 
corated with  water,  leaves  a  powder  of  metallic  lustre,  which  is  a  sulphuret  of  nickel 
free  from  arsenic ;  while  the  arsenic  associated  with  the  sulphur,  and  combined  with  the 
fcsulting  solphuret  of  potassinm,  remains  dissolved*     Should  any  arsenic  still  be  foond 
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in  the  salphuret,  u  mmy  happen  if  the  first  roasting  heat  was  too  great,  the  above  pn- 
cess  must  be  repeated.  The  sulphuret  must  be  finally  washed,  dissoWed  in  coneentiatd 
snlphuric  acid,  with  the  addition  of  a  little  nitric,  the  metal  must  be  prtci|atated  byi 
carbonated  alkali,  and  the  carbonate  reduced  with  charcoaL 

In  operating  upon  kupfemickel,  or  speise,  in  which  nickel  predomiiuitei,  after  thi 
arsenic,  iron,  and  copper  have  been  separated,  ammonia  is  to  be  digested  upon  the 
oxydes  of  cobalt  and  nickel,  which  will  dissolve  them  into  a  blue  liquor.  This 
diluted  with  distilled  water  deprived  of  its  air  by  boiling,  is  to  be  deeonpooed  by  c 
potash,  till  the  blue  color  disappears,  when  the  whole  is  to  be  put  into  a  bottle  lighl^ 
stoppered,  and  set  aside  to  settle.  The  green  precipitate  of  oxyde  of  nidiel,  which  nHoim^ 
forms,  being  freed  by  decantation  from  the  supernatant  red  solution  of  oxyde  of  eobah,  ii 
to  be  edulcorated  and  reduced  to  the  metallic  state  in  a  crucible  containing  crown  ghofc 
Pure  nickel  in  the  form  of  a  metallic  powder  is  readily  obtained  by  expoaing  its  mktt 
to  modem  ignition. 

The  reduction  of  the  ox}'de  of  nickel  with  charcoal  requires  the  heat  of  a  powerfnl  m 
iVimace  or  smith's  forge. 

Nickel  possesses  a  fine  silver  white  color  and  lustre ;  it  is  hard,  but  msdleabley  brih 
hot  and  coki ;  may  be  drawn  into  wire  -X.  of  an  inch,  and  rolled  into  plates  ^1^  tCm 

inch  thick.  A  small  quantity  of  arsenic  destroys  its  ductility.  When  (Vised  it  hai  a 
specific  gravity  of  8*279,  and  when  hammered,  of  8*66  or  8*82;  it  is  susceptible  of  mif- 
netism,  in  a  somewhat  inferior  degree  to  iron,  but  superior  to  cobalt.  Marineis*  tarn- 
passes  may  be  made  of  it.  Its  melting  point  is  nearly  as  high  as  that  of  manganese,  h 
is  not  oxydizcd  by  contact  of  air,  but  may  be  burned  in  oxygen  gas. 

There  is  one  oxyde  and  two  suroxydes  of  nickel.  The  oxyde  is  of  an  ash-grmy  eol^ 
and  is  obtained  by  precipitation  with  an  alkali  from  the  solution  of  the  nrariateff 
nitrate.  The  niccolous  suroxyde  of  Berzelius  is  black,  and  may  be  procured  by  ezponf 
the  nitrate  to  a  heat  under  redness.  The  niccolic  suroxyde  has  a  dirty  pale  green  cote; 
but  its  identity  l«  doubtAil. 

NICOTIANINE  is  the  name  of  an  oil  recently  extracted  firom  the  leaves  of  lobaco^ 
which  possesses  the  smell  of  tobacco  smoke. 

NICOTINE  is  a  peculiar  principle,  obtainable  from  the  leaves  and  seeds  of  tobaeet 
(nieoiiafia  iabacum)^  by  infusing  them  in  acidulous  water,  evaporating  the  infuskw  to  a 
certain  point,  adding  lime  to  it,  distilling  and  treating  Uie  product  which  cones  onr 
with  ether.  It  is  colorless,  has  an  acrimonious  taste,  a  pungent  smeU,  remains  liqind  it 
20^  F.,  mixes  in  all  nroportions  with  water,  but  is  in  a  great  measure  separaUe  fhm  it 
by  ether,  which  dissolves  it  abundantly.  It  combines  with  acids,  and  forms  salts  aeril 
and  pungent  like  itself;  the  phosphate,  oxalate,  and  tartrate  being  crystalliiaUe. 
Nicotine  causes  the  pupils  to  contract.    A  sinsrle  drop  of  it  is  sufficient  to  kill  a  dog. 

NITRATE  OF  AMMONIA  is  prepared  by  neutralizing  nitric  add  with  cnrboMtstf 
ammonia,  and  cr>-stallizing  the  solution. 

NITRATE  OF  LEAD  (Nitrate  de  plomb,  Fr. ;  Salpetenaures  hUioxyd,  Germ.)  is  VMtk 
by  saturating  somewhat  dilute  nitric  acid  with  oxyde  of  lead  (litharge),  evaporating  thi 
neutral  solution  till  a  pellicle  appears,  and  then  exposing  it  in  a  hot  chamber  t31  it  be 
converted  into  crystals,  which  are  sometimes  transparent,  but  generally  opnqne  wltili 
octahedrons.  Their  spec.  grav.  is  4-068 ;  they  have  a  cooling,  sweetish,  pungent 
They  dissolve  in  7  parts  of  cold,  and  in  much  less  boiling  water ;  they  (bse  at  a 
elevation  of  temperature,  emit  oxygen  gas,  and  pass  into  oxyde  of  lead.  Their 
ents  are  67*3  oxyde,  and  32*7  acid.  Nitrate  of  lead  is  much  employed  in  the  chiw 
yellow  style  of  Calico-printing  ;  which  see. 

There  are  three  other  compounds  of  nitric  acid  and  lead  oxyde ;  viz.,  the  bihsrir 
the  tri-basic,  and  the  se-basic ;  which  contain  respectively  2,  3,  and  6  atoms  of  base  P 
1  of  acid. 

NITRATE  OF  POTASH,  Nitre,  Saltpetre.  (Nitrate  de  potaMH^  Fr. ;  Saipdm 
aaures  kaliy  Germ.)  This  salt  occurs  native  as  an  efflorescence  upon  limestones,  bbb# 
stones,  marls,  chalk,  and  calctuflf;  it  forms  a  saline  crust  in  caverns,  as  also  npon  tk 
surface  of  the  ground  in  certain  places,  especially  where  animal  matters  have  beci 
decomposed.  Such  caverns  exist  in  Germany  near  Homburg  (Burkardnsh) ;  in  Apah 
upon  the  Adriatic  sea  (Pulo  di  Mofetta);  in  France;  in  the  East  Indies;  In  Ceyk^ 
where  22  nitriferous  caverns  are  mentioned;  in  North  America,  at  Crooked  rivBTi 
Tennessee,  Kentucky,  and  upon  the  Missouri ;  in  Brazil,  Teneriffe,  and  AiHcm.  Ifitis 
occurs  as  an  efflorescence  upon  the  ground  in  Arragon,  Hungary,  PoddiSy  So^t 
Egypt,  Persia,  Bengal,  China,  Arabia,  North  America,  and  South  America.  Sevoal 
plants  contain  saltpetre ;  particularly  borage,  dill,  tobacco,  sunflowers,  stalks  of  msiM^ 
beet-root,  bugloss,  parietaiia,  &c.  It  has  not  hitherto  been  found  in  animal  i«^ 
stances. 

The  question  has  been  frequently  put ;  how  is  nitre  annually  reproduced  npon  the 
•nrfiMe  of  limestones,  and  the  ground,  after  it  has  been  removed  by  washing  ?    It  bv 
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imid,  in  reply,  that  as  secondar}'  limestones  contain  remains  of  animal  matters, 
Ygen  of  the  atmosphere,  absorbed  in  virtue  of  the  porous  structure,  will  com- 
'ith  their  azote  to  form  nitric  acid;  whence  nitrate  of  lime  will  result.    "Where 

is  present  in  the  ground,  a  nitrate  of  that  base  will  be  next  formed.  The  generation 
e  is  in  all  cases  limited  to  a  very  small  distance  from  the  surface  of  porous  stones; 
[her,  indeed,  than  where  atmospherical  air  and  moisture  can  penetrate;  and  none 

produced  upon  the  surface  of  compact  stones,  such  as  marble  and  quartz,  or  of 
eeoos  minerals.  Dr.  John  Davy  and  M.  Longchamp  have  advanced  an  opinion, 
le  presence  of  azotized  matter  is  not  necessar}-  fur  the  generation  of  nitric  acid  oi 
I  salts,  but  that  the  oxygen  and  azote  of  the  atmosphere,  when  condensed  by  capil- 
will  combine  in  such  proportions  as  to  form  nitric  acid,  through  the  agency  of 
re  and  of  neutralizing  bases,  such  as  lime,  magnesia,  potash,  or  soda.  They  conceive 
I  siwngy  platina  senses  to  combine  oxygen  and  hydrogen  into  water,  or  the  vapor 
thol  and  oxygen  into  acetic  acid,  and  as  the  peroxyde  as  well  as  the  hydrate  of  iron, 
gillaceous  minerals,  serve  to  generate  ammonia  from  the  oxygen  of  the  air  and  the 
;en  of  water;  in  like  manner,  porous  limestones,  through  the  agency  of  water, 
e  upon  the  constituents  of  the  atmosphere  to  produce  nitric  acid,  with6ut  the  pres- 
f  animal  matter.  This  opinion  may  certainly  be  maintained ;  for  in  India,  Spain, 
Teral  other  countries,  at  a  distance  from  all  habitations,  immense  quantities  of  salt- 
ire  reproduced  in  soils  which  have  been  washed  the  year  before.  But,  on  the 
sand,  it  is  known  that  the  production  of  this  salt  may  be  greatly  facilitated  and  in- 
d  by  the  admixture  of  animal  offals  with  calcareous  earths. 

spontaneous  generation  of  nitre  in  Spain,  Egypt,  and  especially  in  India,  is  suffi- 

0  supply  the  wants  of  the  whole  world.  There  this  salt  is  observed  to  form  upon 
riace  of  the  ground  in  silky  tufts,  or  even  in  slander  prismatic  crystals,  partico- 
nring  the  continuance  of  the  hot  weather  that  succeeds  copious  rains.  These  saline 
tcences,  after  being  collected  by  rude  besoms  of  broom,  are  lixiviated,  allowed  to 
evaporated,  and  crj'stallized.  In  France,  Germany,  Sweden,  Hungary,  &c.,  vast 
ties  of  nitrous  salts  are  obtained  by  artificial  arrangements  called  nitriariet,  or 
teds.  Very  little  nitrate  of  potash,  indeed,  is  obtained  in  the  first  place;  but  the 
!S  of  lime  and  magnesia,  which  being  deliquescent,  remain  in  the  nitrous  earths  in 
-liquid  state.  The  operation  of  converting  these  salts  into  good  nitre  is  often  snf- 
ly  complex,  in  consequence  of  the  presence  of  several  muriates,  which  are  difficult 
linate. 

following  instructions  ha^e  been  given  by  the  consulting  committee  of  poudm  ei 
t»  in  France,  for  the  construction  of  their  nUri>rts  ariificielle^    The  permeability 

materials  to  the  atmospherical  air,  being  found  to  be  as  indispensable  as  is  the 
ce  of  a  base  to  fix  the  nitric  acid  at  the  instant  of  its  formation,  the  first  measure 
lelect  a  light  friable  earth,  containing  as  much  carbonate  of  lime  or  old  mortar- 
h  as  possible ;  and  to  interstratify  it  with  beds  of  dung,  five  or  six  inches  thick, 
tmsiderable  heap  be  raised  in  the  shape  of  a  truncated  pyramid,  which  should  be 

under  an  open  shed,  and  kept  moist  by  watering  it  from  time  to  time.  "When 
lole  appears  to  be  decomposed  into  a  kind  of  mould,  it  is  to  be  spread  under  sheds 
en  of  from  two  to  three  feet  thick  ;  which  are  to  be  watered  occasionally  with 
and  the  drainings  of  dunghills,  taking  care  not  to  soak  them  too  much,  lest  they 

be  rendered  impermeable  to  the  air,  though  they  should  be  always  damp  enough 
ir  the  absorption  and  mutual  action  of  the  atmospherical  gases.     Moist  garden 

affords  an  example  of  the  physical  condition  most  favorable  to  nitre-beds.  The 
tt  should  be  turned  over,  and  well  mixed  with  the  spade  once  at  least  in  every 
ht,  and  the  sides  of  the  shed  should  be  partially  closed ;  for  although  air  be  essen- 
ind  is  injurious,  by  carrying  off  the  acid  vapors,  instead  of  allowing  tliem  to  rest 
)ent  upon,  and  combine  with,  the  bases.  The  chemical  reaction  is  slow  and 
uve,  and  can  be  made  effective  only  by  keeping  the  agents  and  materials  in  a 
€  quiescence.  The  whole  process  lasts  two  years;  but  since  organic  matters 
yield  in  the  lixiviation  several  soluble  substances  detrimental  to  the  extraction  of 
re,  they  must  not  be  added  during  the  operations  of  the  latter  six  months ;  nor 
.ny  thing  except  clear  water  be  used  for  watering  during  this  period ;  at  the  end 
ich  the  whole  organic  ingredients  of  the  beds  will  be  totally  decomposed.  Where 
is  not  sufficiently  abundant  for  the  above  stratifications,  a  nitre-bed  should  be 

1  in  a  stable  with  friable  earth,  covered  with  a  layer  of  litter ;  after  four  months 
'jet  is  to  be  lifted  off,  the  earth  is  to  be  tu|ned  over,  then  another  layer  of  fresh 
8  or  9  inches  thick,  is  to  be  placed  over  it,  and  a  layer  of  the  old  and  fresh  litter 
D.    At  the  end  of  other  four  months,  this  operation  is  to  be  repeated ;  and  in  the 

cf  a  year  the  whole  is  ready  to  be  transferred  into  the  regular  nitre-beds  under  a 
10  above  described.    Such  are  the  laborious  and  disagreeable  processes  practised 

peasants  of  Sweden,  each  of  whom  is  bound  by  law  to  have  a  nitre-bed,  and  to 
LI  certain  quantity  of  mtre  to  the  state  every  year.    His  niiriary  commonly  eon* 
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sists  of  a  small  hat  built  of  boards,  with  a  bottom  of  rammed  day,  coTercd  hf  a  woodei 
floor,  upon  which  is  spread  a  mixture  of  ordinary  earth  with  calcareous  sand  or  marli 
and  lixiviated  wood-ashes.  This  mixture  is  watered  with  stable  uiine,  and  its  sniiiwe 
is  turned  over  once  a  week  in  summer,  and  once  a  fortnight  in  winter.  In  tone 
countries,  walls  2  or  3  feet  thick,  and  6  or  7  hisrh,  are  raised  with  the  nitrifying  com* 
post,  interspersed  with  weeds  and  branches  of  trees,  in  order  at  once  to  bind  them 
together,  and  to  favor  the  circulation  of  air.  These  walls  are  thatched  with  straw; 
they  ore  placed  with  one  of  their  faces  in  the  direction  of  the  rains;  and  most  be  moiit' 
ened  with  water  not  rich  in  animal  matter.  One  side  of  the  walls  is  apright  and  smooth; 
while  the  other  is  sloped  or  terraced,  to  favor  the  admission  of  humidity  into  their  interior 
The  nitre  eventually  forms  a  copious  efflorescence  upon  the  smooth  side,  whence  it  maf 
be  easily  scraped  off. 

M.  Lungchamp,  convinced  that  organic  matters  are  a  useless  expense,  and  not  in  tha 
least  essential  to  nitrification,  proposes  to  establish  nitre-beds  where  fuel  and  labor  aic 
cheapest,  as  amidst  forests,  choosing  as  dr)'  and  low  a  piece  of  grpund  as  possiUe,  layiif 
them  out  upon  a  square  space  of  about  1000  feet  in  each  side,  in  the  middle  of  which  the 
graduation-house  may  be  built,  and  alongside  of  it  sheds  for  the  evaporation  fnmaces  ui 
pans.  Upon  each  of  the  four  sides  the  nitrifying  sheds  are  to  be  erected,  130  leet  Ua$ 
by  30  feet  wide,  where  the  lixiviation  would  be  carried  on,  and  whence  the  water  woiU 
be  conducted  in  gutters  to  the  graduation-house.  The  sheds  are  to  be  closed  at  the  nia 
by  walls  of  pisi,  and  covered  with  thatch.  No  substance  is  so  favorable  to  nitrificaiiai 
as  the  natural  stony  concretion  known  under  the  name  of  lime-tuf.  In  Touraine,  where 
it  is  used  as  a  building  stone,  the  saltpetre  makers  re-establish  the  fonndations  of  old 
houses  at  their  own  expense,  provijj^ed  they  are  allowed  to  carry  off  the  old  tuf,  which  owci 
its  nitrifying  properties  not  only  to  its  chemical  nature,  but  to  its  texture,  which  being  oft 
homogeneous  porosity,  permits  elastic  fluids  and  vapors  to  pass  through  it  freely  in  all  fr 
rections.  With  the  rough  blocks  of  such  tuf,  walls  about  20  inches  thick,  and  modentei| 
high,  are  to  be  raised,  upon  the  principles  above  prescribed ;  in  the  absence  of  tuf,  poroa 
walls  may  be  i^ised  with  a  mixture  of  arable  soil,  sand,  and  mortar-rubbish,  chalk  or  lid 
marl.    The  walls  ought  to  be  kept  moist. 

In  France,  the  greater  part  of  the  indigenous  saltpetre  is  obtained  by  lixivialiif 
the  mortar-rubbish  of  old  buildings,  especially  of  those  upon  the  ground-floor,  and  ii 
sunk  cellars ;  which  are  by  law  reserved  for  this  purpose.  The  first  object  of  tke 
manufacturer  is  then  to  ascertain  the  richness  of  his  materials  in  nitrous  salts,  to  see  if 
they  be  worth  the  trouble  of  working ;  and  this  point  he  commonly  determines  merely 
by  their  saline,  bitter,  and  pungent  taste,  though  he  might  readily  have  recourse  to  tke 
far  surer  criteria  of  lixiviation  and  cvapriration.  He  next  pounds  them  coarsely,  and 
puts  them  into  large  casks  open  at  tup,  and  covered  with  straw  at  bottom ;  which  are 
placed  in  three  successive  levels.  Water  is  poured  into  the  casks  till  they  are  full,  ail 
after  12  hours'  digestion  it  is  run  off,  loaded  with  the  salts,  by  a  spigot  near  the  bottom. 
A  fresh  quantity  of  water  is  then  added,  and  drawn  off  after  an  interval  of  four  hours; 
even  a  third  and  fourth  lixiviation  are  had  recourse  to ;  but  these  weak  liquors  ire 
reserved  for  lixiviating  fresh  rubbish.  The  contents  of  the  casks  upon  the  second  ail 
third  lower  levels  are  lixiviated  with  the  liquors  of  the  upper  cask,  till  the  leys  indicats 
from  12  to  14  degrees  of  Baume's  hydrometer.  They  are  now  fit  for  evaporating  to  a 
greater  density,  and  of  then  receiving  the  dose  of  wood-ashes  requisite  to  convert  the 
materials  of  lime  and  magnesia  into  nitrate  of  potash,  with  the  precipitation  of  tbi 
carbonates  of  magnesia  and  lime.  The  solution  of  nitre  is  evaporated  in  a  copper 
pan,  and  as  it  boils,  the  scum  which  rises  to  the  surface  must  be  diligently  skimmed  off 
into  a  cistern  alongside.  Muriate  of  soda  being  hardly  more  soluble  in  boiling  thas 
in  cold  water,  separates  during  the  concentration  of  the  nitre,  and  is  profoessivelj 
removed  with  cullender-shaped  ladles.  The  fire  is  withdrawn  whenever  the  liquor  hif 
acquired  the  density  of  80^  B. ;  it  is  allowed  to  settle  for  a  little  while,  and  is  thes 
drawn  off,  by  a  lead  syphon  adjusted  some  way  above  the  bottom,  into  iron  vesseli^  to 
cool  and  cr>'stallize.  The  crystals  thus  obtained  are  set  to  drain,  then  re-dissolved  nd 
re-crystallized.  The  further  purification  of  nitre,  is  fully  described  under  the  article 
Gunpowder. 

The  annual  production  of  saltpetre  in  France,  by  the  above-described  processes,  doriaf 
the  wars  of  the  Revolution,  amounted  to  2000  tons  (2  millions  of  kilogrammes)  of  anax^ 
tide  fit  for  the  manufacture  of  gunpowder;  of  which  seven  twentieths  were  furnished  Iqr 
the  salt|>etre  works  of  Paris  alone.  Coisiderably  upwards  of  six  times  that  quantity  of 
common  and  cubic  nitre  were  imported  into  the  United  Kingdom,  for  home  consumptioai 
durint?  the  year  ending  January  6,  1838. 

Nitrate  of  potash  crystallizes  in  six-sided  prisms,  with  four  narrow  and  two  broai 
faces:  the  last  being  terminated  by  a  dihedral  summit,  or  two-sided  acumination; 
they  are  striated  lengthwise,  and  have  fissures  in  their  long  axis,  which  are  apt  to 
tain  mother  water.    The  spec,  gravity  of  nitre,  varies  from  1*93  to  2*00.    It 


NITRATE  OF  SILVER.  885 

dUing,  bitterishoimngent  taste,  is  Toid  of  smell,  permanent  in  the  air  when  pure, 
at  a  heat  of  about  662,  into  an  oily-looking  liquid,  and  concretes  upon  cooling 
a  solid  mass,  iHth  a  coarsely  radiating  fracture.  This  has  got  the  unmeaning 
S8  of  sal-prunelle  and  mineral  crystal.  At  a  red  heat,  nitre  gives  out  at  first  a 
;  deal  of  pretty  pure  oxygen  gas ;  but  afterwards  nitrous  acid  fumes,  while  potash 
ins  in  the  retort.  It  is  soluble  in  7  parts  of  water  at  32° ;  in  about  3|  at  60*  F., 
IB  than  half  a  part  at  194°,  and  in  four  tenths  at  212^.  It  is  very  slightly  soluble 
irit  of  wine,  and  not  at  all  in  absolute  alcohoL  It  causes  a  powerful  deflagration 
1  thrown  upon  burning  coals ;  and  when  a  mixture  of  it  with  sulphur  is  thrown  into 
Uhot  crucible,  a  very  vivid  light  is  emitted.  Its  constituents  are,  46*55  potash,  and 
i  nitric  acid. 

Ire  is  applied  to  many  purposes: — 1.  to  the  manufacture  of  gunpowder;  2.  to  that 
Iphuric  acid ;  3.  to  that  of  nitric  acid,  though  nitrate  of  soda  or  cubic  nitre  has  lately 
rteded  this  use  of  it  to  a  con'siderable  extent ;  4.  to  that  of  flint-glass ;  5.  it  is  used 
ledicine ;  6.  for  many  chemical  and  pharmaceutical  preparations ;  7.  for  procuring 
sflagration  with  charcoal  or  cream  of  tartar,  pure  carbonate  of  potash,  as  also  black 
vhite  fluxes ;  8.  for  mixing  with  salt  in  curing  butcher  meat ;  9.  in  some  countries 
prinkling  in  solution  upon  grain,  to  preserve  it  from  insects ;  10.  for  making  fire- 
n.    See  Fibe-works. 

i  account  of  the  quantities  of  Saltpetre  and  Cubic  Nitre  imjtorted  into,  exported  from 
retained  for  consumption  in  the  United  Elingdom.    Duty  6d.  per  cwt : — 

Imported  in  Exported  in  Retained  for  conramption  im 

1835.        1836.        1837.        1835.      1836.      1837.      1835.        1836.        1837. 
.264,338;  279,902;  349,993.  73,379;  38,414;  93,024.204,580;  242,131;  256,969. 
ity  received  in  1837,  £6,424. 

ITRATE  OF  SILVER  (NUraU  d^argent,  Fr.;  SmertalpeUr,  Germ.),  is  pre- 
1  \ff  saturating  pure  nitric  acid  of  specific  grav.  1*25  with  pure  silver,  evaporating 
•daUon,  and  crystallizing  the  nitrate.  When  the  drained  cr/stals  are  fused  in  a 
na  capsule,  and  cast  into  slender  cylinders  in  silver  moulds,  they  constitute  the 
r  caustic  of  the  surgeon.  This  should  be  white,  and  unchangeable  by  light.  It  is 
oescent  in  moist  air.    The  crystals  are  colorless,  transparent  4  and  6  sided  tables ; 

poasess  a  bitter,  acrid,  and  most  disagreeable  metallic  taste ;  they  dissolve  in  their 
weight  of  cold,  and  in  much  less  of  hot  water;  are  soluble  in  four  parts  of  boiling 
lol,  but  not  in  nitric  acid  i^  they  deflagrate  on  redhot  coals,  like  all  the  nitrates ; 
detonate  with  phosphorus  when  the  two  are  struck  together  upon  an  anvil.  They 
iBt  of  68*2  of  oxyde,  and  31*8  of  acid.  Nitrate  of  silver,  when  swallowed,  is  a  very 
getic  poison ;  but  it  may  be  readily  counteracted,  by  the  administration  of  a  dose 
en-salt,  which  converts  the  corrosive  nitrate  into  the  inert  chloride  of  silver. 
ud  matter,  immersed  in  a  weak  solution  of  neutral  nitrate  of  silver,  will  keep 
innged  for  any  length  of  time;  and  so  will  polished  iron  or  steel.  Nitrate  of 
r  is  such  a  delicate  reagent  of  hydrochloric  or  muriatic  acid,  as  to  show  by  a 
iUe  cloud,  the  presence  of  one  1 13  millionth  part  of  it,  or  one  7  millionth  part  of 
Alt  in  distilled  water.  It  is  much  used  under  the  name  of  indelible  ink,  for 
Ing  upon  linen  with  a  pen  ;  for  which  purpose  one  drachm  of  the  fused  salt  should  be 
ilred  in  three  quarters  of  an  ounce  of  water,  adding  to  the  solution  as  much  water 
mmonia  as  will  re-dissolve  the  precipitated  oxyde,  with  sap-green  to  color  it,  and 
-water  to  make  the  volume  amount  to  one  ounce.  Traces  written  with  this  liquid 
Id  be  first  heated  before  a  fire  to  expel  the  excess  of  ammonia,  and  then  exposed  to 
mn-beam  to  blacken.    Another  mode  of  using  nitrate  of  silver  as  an  indelibll  ink, 

imbue  the  linen  first  with  solution  of  carbonate  of  soda,  to  dry  the  spot,  and  write 
I  it  with  a  solution  of  nitrate  of  silver,  thickened  with  gum,  and  tinted  with  sap- 
n. 

ITRATE  OF  SODA,  Cubical  Nitn  (NUrate  de  toude,  Fr. ;  Wiirfelsalpeter, 
n.),  occurs  under  the  nitre  upon  the  lands  in  Spain,  India,  Chile,  and  remarkably 
'era,  in  the  districts  of  Atacama  and  Taracapa,  where  it  forms  a  bed  several  feet 
c.    It  appears  in  several  places  upon  the  surface,  and  extends  over  a  space  of  more 

40  leagues,  approaching  near  to  the  frontiers  of  Chile.  It  is  sometimes  eflSo- 
mt,  sometimes  crystallized,  but  of\ener  confusedly  mixed  with  clay  and  sand. 
I  immensely  valuable  deposite  is  only  three  days'  journey  from  the  port  of  Con- 
ion  in  Chile,  and  from  Iquiqui,  another  harbor  situated  in  the  southern  part  of 
u 

itrate  of  soda  may  be  artificially  prepared  by  neutralizing  nitric  acid  with  soda,  and 
nllizing  the  solution.  It  crystallizes  in  rhomboids,  has  a  cooling,  pungent,  bitterish 
^  less  disagreeable  than  nitre ;  it  becomes  moist  in  the  air ;  dissolves  in  3  parts  of 
r  at  60°  F.,  in  less  than  1  part  of  boiling  water ;  deflagrates  more  slowly  than  nitre, 
vith  an  orange  yellow  flame.    It  consists,  in  its  dry  state,  of  36*6  soda  and  63-4  nitrie 
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acid;  bat  its  crystals  contain  one  prime  eqniTalcnt  of  water;  henee  they 
of,  acid  56-84,  base  33-68,  water  9*47. 

It  is  susceptible  of  the  same  applications  as  nitre,  with  the  exceptAn  of  making  gn- 
powdcr ;  for  which  it  is  not  adapted,  on  account  of  its  deliquescent  property. 

NITRATE  OF  STRONTIA.  (Nitrate  de  Sinntiane,  Fr. ;  Salj^denaHrer  atroHlimi, 
Germ.)  This  salt  is  usually  prepared  from  the  sulphuret  of  strontium,  obtahied  by  de> 
composing  sulphate  of  strontia  with  charcoal,  by  strong  ignition  of  the  mixed  puwders  ii 
a  crucible.  This  sulphuret  being  treated  with  water,  and  the  solution  being  filtened,  is 
to  be  neutralized  with  nitric  acid,  as  indicated  by  the  test  of  turmeric  paper ;  care  bemg 
taken  to  avoid  breathing  the  noxious  sulphureted  hydrogen  gas,  which  is  copiously  disen- 
gaged, ilie  neutral  nitrate  being  proi>er]y  evaporat«l  and  set  aside,  affords  cc^orless, 
transparent,  slender  octahedral  crj'stals.  It  has  a  cooling,  yet  somewhat  acrid  taste;  is 
soluble  in  5  parts  of  cold,  and  in  one  half  part  of  boiling  water,  as  also  in  nleobol ;  ii 
pennanent  in  the  air,  deflagrates  upon  burning  coals,  gfves  off  oxygen  when  calcitted, 
and  leaves  caustic  strontia.  The  salt  consists  of  48*9  strontia  and  51-1  nitric  acid.  Thai 
salt  is  anhydrous ;  but  there  is  another  variety  of  it,  which  contains  nearly  40  per  cent 
of  water  of  crystallization,  which  occurs  in  large  octahedrons.  This  is  preferred  for  fire- 
works, because  by  eflSorescence  it  is  easily  obtained  in  a  fine  jtowder,  which  mixes  man 
intimately  with  the  chlorate  of  potash  and  charcoal,  for  the  composition  of  the  brillinl 
red  fires,  now  so  much  admired  in  theatrical  conflagrations. 

NITRIC  ACID,  jSqnafortis  (Jcide  nitrique^  Fr. ;  Salpttertaiirt,  Genn.),  exists,  in  eo» 
bination  with  the  bases,  ])otash,  soda,  lime,  mni^nesia,  in  both  the  mineral  and  vegetable 
kingdoms.  This  acid  is  never  found  insulated.  It  was  distilled  Oom  saltpetre  so  loig 
ago  as  the  13th  century,  by  igniting  that  salt,  mixed  with  copperas  or  clay,  in  a  retort. 
Nitric  acid  is  ceneratH  when  a  mixture  of  oxygon  and  nitrogen  gases,  confined  orcr 
water  or  an  nlknline  solution,  has  a  series  of  electrical  explosions  passed  through  it.  lo 
this  way  the  salubrious  atmosphere  may  be  converted  into  corrosive  aquafortis.  When 
a  little  hydrogen  is  introduced  into  the  mixed  gases,  standing  over  water,  the  chemiod 
agency  of  the  electridty  becomes  more  intense,  and  the  acid  is  more  rapidly  formed  froa 
its  elements,  with  the  production  of  some  nitrate  of  ammonia. 

Nitric  acid  is  usually  made  on  the  small  scale  by  distilling,  with  the  heat  of  a  aand- 
bath,  a  mixture  of  3  parts  of  pure  nitre,  and  2  parts  of  strong  sulphuric  acid,  in  a  laife 
glass  retort,  connected  by  a  long  glass  tube  with  a  globular  receiver  surrounded  by  coU 
water.  By  a  well-regulated  distillation,  a  pure  acid,  of  specific  gravity  1*500,  may  he 
thus  obtained,  amounting  in  weight  to  about  two  thirds  of  the  nitre  employed.  T» 
obtain  easily  the  whole  nitric  acid,  equal  weishts  of  nitre  and  concentrated  snlpfawie 
acid  may  be  taken ;  in  which  case  but  a  moderate  heat  need  be  applied  to  the  retort 
The  residuum  will  be  bisulphate  of  potash.  When  only  the  single  equivalent  proper^ 
tion  of  sulphuric  acid  is  used,  namely,  48  parts  for  100  of  nitre,  a  much  higher  heat  is 
required  to  complete  the  distillation,  whereby  more  or  less  of  the  nitric  acid  is  decomposed, 
while  a  compact  neutral  sulphate  of  potash  is  leA  in  the  retort,  very  difficult  to  renofe 
by  solution  in  water,  and  therefore  apt  lo  destroy  the  vessel. 

Aquafortis  is  manufactured  upon  the  great  scale  in  iron  pots  or  cylinders  of  the  sane 
construction  as  I  have  described  under  muriatic  acid.  The  more  concentrated  the  sul- 
phuric acid  is,  the  less  cprrosively  will  it  act  upon  the  metal ;  and  it  is  commonly  used 
in  the  proportion  of  one  part  by  weight  to  two  of  nitre.  The  salt  being  introduced  into 
the  cool  letort,  and  the  lid  being  luted  tight,  the  acid  is  to  be  slowly  poured  in  throng 
the  aperture  /,  Jig,  748 ;  while  the  aperture  g  is  connected  by  a  long  glass  tube  with  ■ 
range  of  balloons  inserted  into  each  other,  and  laid  upon  a  sloping  bed  of  sand.  The 
bottle  1,  with  3  tubulures  partly  filled  with  water,  which  is  required  for  eondenaiBg 
muriatic  acid  gas,  must,  for  the  present  purpose,  be  replaced  by  a  series  of  empty  reeeir- 
ers  either  of  i;lass  or  salt-glazed  stoneware.  The  cylinders  should  be  only  half  filled 
and  be  worked  off*  by  a  gradually  raised  heat. 

Commercial  aquafortis  is  very  generally  contaminated  with  sulphuric  and  murialie 
acids,  as  also  with  alkaline  sulphates  and  muriates.  The  quantity  of  these  salts  may  he 
readily  ascertained  by  evaporating  in  a  glass  capsule  a  given  weight  of  the  aquafortis; 
while  that  of  the  muriatic  acid  may  be  determined  by  nitrate  of  silver ;  and  of  snlphnrie 
acid,  by  nitrate  of  baryta.  Aquafortis  may  be  purified  in  a  great  measure,  by  re-distilli- 
tion  at  a  gentle  heat ;  rejecting  the  first  liquid  which  comes  over,  as  it  contains  the 
chlorine  impregnation ;  receiving  the  middle  portion  as  genuine  nitric  acid ;  and  lenTiag 
a  residuum  in  the  retort,  as  being  contaminated  with  sulphuric  acid. 

Since  nitrate  of  soda  has  been  so  abundantly  imported  into  Europe  from  Pern,  it  Iwf 
been  employed  by  many  manufacturers  in  preference  to  nitre  for  the  extraction  of  nitrie 
acid,  because  it  is  cheaper,  and  because  the  residuum  of  the  distillation,  being  snlphatt 
of  soda,  is  more  readily  removed  by  solution  from  glass  retorts,  when  a  range  of  then 
set  in  a  gallery  furnace  is  the  apparatus  employed.  Nitric  acid  of  specific  gravity  1*47 
may  be  obtained  colorless ;  but  by  further  concentration  a  portion  of  it  it  decompond 
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whereby  some  nitrous  acid  is  produced,  which  gives  it  a  straw-yellow  tinge.  At  this 
strength  it  exhales  white  or  orange  fumes,  which  have  a  peculiar,  though  not  very  disa- 
greeable smell ;  and  even  when  largely  diluted  with  water,  it  tastes  extremely  sour.  The 
greatest  density  at  which  it  can  be  obtained  is  1*51  or  perhaps  1*52,  at  60°  F.,  in  which 
state,  or  even  when  much  weaker,  it  poweriblly  corrodes  all  aninml,  vegetable,  and  most 
metallic  bodies.  When  slightly  Auted  it  is  applied,  with  many  precautions,  to  silk  and 
woollen  stuffs,  to  stain  them  of  a  bright  yellow  hne.    See  Calico-printing,  page  246. 

In  the  dry  state,  as  it  exists  in  nitre,  this  acid  consists  of  26*15  parts  by  weight  of  azote, 
and  73*85  of  oxygen  ;  or  of  2  volumes  of  the  first  gas,  and  5  volumes  of  the  second. 

When  of  specific  gravity  1-5,  it  boils  at  about  210°  Fahr.;  of  1*45,  it  boils  at  about 
240**;  of  1*4^  it  boils  at  253°  j  and  of  1*40,  at  246°  F.  If  an  acid  stronger  than  1*420 
be  distilled  in  a  retort,  it  gradually  becomes  weaker;  and  if  weaker  than  1*42,  it  gradu- 
mlly  becomes  stronger,  till  it  assumes  that  standard  density.  Acid  of  specific  gravity 
1*485  has  no  more  action  upon  tin  than  water  has,  though  when  either  stronger  or 
weaker  it  oxydizes  it  rapidly,  and  evolves  fumes  of  nitrous  gas  with  explosive  violence. 
In  my  two  papers  upon  nitric  acid  published  in  the  fourth  and  sixth  volumes  of  the 
Journal  of  Science  (1818  and  1819),  I  investigated  the  chemical  relations  of  these  phe- 
nomena. Acid  of  1*420  consists  of  1  atom  of  dry  acid,  and  4  of  water;  acid  of  1*485, 
of  1  atom  of  dry  acid,  and  2  of  water ;  the  latter  compound  possesses  a  stable  equi- 
librium as  to  chemical  agency ;  the  former  as  to  calorific.  Acid  of  specific  gravity  1*334, 
consisting  of  7  atoms  of  water,  and  1  of  dry  acid,  resists  the  decomposing  agency  of 
light.  Nitric  acid  acts  with  great  energy  upon  most  combustible  substances,  simple  or 
compound,  giving  up  oxygen  to  them,  and  resolving  itself  into  nitrous  gas,  or  even  azote. 
Such  is  the  result  of  its  action  upon  hydrogen,  phosphorus,  sulphur,  charcoal,  sugar, 
gam,  starch,  silver,  mercury,  copper,  iron,  tin,  and  most  other  metals. 

A  Table  of  Nitric  Acid,  by  Dr.  Ure. 


Specific 
gnyiXy. 

1*5000 
1*4980 
1-4960 
1*4940 
1*4910 
1*4880 
1*4850 
1*4820 
1*4790 
1*4760 
1*4730 
1*4700 
1*4670 
1*4640 
1-4600 
1*4570 
1*4530 
1*4500 
1*4460 
1*4424 
1*4385 
1*4346 
1*4306 
1*4269 
1*4228 


I.iq. 

Acid 

in  100 

100 
99 

98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 


Dry  acid 
in  100. 


79-700 
78-903 
78*106 
77*309 
76-512 
75*715 
74*918 
74-121 
73-324 
72*527 
71*730 
70*933 
70*136 
69-339 
68*542 
67*745 
66-948 
66*155 
65-354 
64*557 
63*760 
62*963 
62*166 
61*369 
60*572 


Specific 
gravity 


1*4189 
1*4147 
1-4107 
1-4065 
1-4023 
1-3978 
1-3945 
1*3882 
1*3833 
1-3783 
1-3732 
1*3681 
1-3630 
1*3579 
1*3529 
1*3477 
1-3427 
1-3376 
1-3323 
1-3270 
1*3216 
1-3163 
1*3110 
1*3056 
1*3001 


Liq 

Acid 

ialOO 


75 

74 
73 
72 
71 
70 
69 
6S 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
62 
51 


Drykcid 
in  100. 


59-775 
58-978 
58-181 
57-384 
56-587 
55-790 
54-993 
54-196 
53-399 
52-602 
51-805 
51-068 
50-211 
49-414 
48-617 
47*820 
47-023 
46-226 
15-429 
44-632 
43-835 
43-038 
42-241 
41-444 
40*647 


Specific 
grav.ty. 


1*2947 
1-2887 
1*2826 
1-2765 
1-2705 
1-2644 
1*2583 
1*2523 
1*2462 
1-2402 
1*2341 
12271 
1-2212 
1-2148 
1-2084 
1-2019 
1958 
1895 
1*1833 
1770 
1709 
1648 
1*1587 
1526 
1465 


Liq. 

Acid 

in  100 


50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 


Dry  aci< 
in  100. 


39-850 
39*053 
38*256 
37-459 
36-662 
35-865 
35*068 
34*271 
33*474 
32-677 
31*880 
31-083 
30-286 
29*489 
28-692 
27-895 
27*098 
26*301 
25*504 
24*707 
23*900 
23113 


Specific 
gravity. 


22*316 
21*519 
120-722 


1-1403 
1345 
1286 
1227 
1168 
1.1109 
11051 
1*0993 
1-0935 
1*0878 
1-0821 
1*0764 
1-0708 
1-0651 
1*0595 
1-0540 
1*0485 
1*0430 
1*0375 
1*0320 
1*0267 
1*0212 
1*0159 
10106 
1*0053 


Liq.  I 
Ac-d 
in  100 


25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


Dry  acid 
in  100. 


19*925 

19*128 

18*331 

17*534 

16-737 

15*940 

15*143 

14*346 

13-549 

12-752 

11-955 

11-158 

10-361 

9-564 

8-767 

7*970 

7*173 

6*376 

5*579 

4*782 

3*985 

3*188 

2*391 

1-594 

0*797 


NITROGEN,  DEUTOXYDE  OF ;  NUrous  gas,  Nitric  oxy<U  (Deutoxyde  d'azote,  Fr. ; 
SHdistoffbxyd,  Germ.)  is  a  gaseous  body  which  may  be  obtained  by  pouring  upon  copper 
or  mercury,  in  a  retort,  nitric  acid  of  moderate  strength.  The  nitrous  gas  comes  over  in 
abundance  without  the  aid  of  heat,  and  may  be  received  over  water  freed  from  air,  or 
orer  mercury,  in  the  pneumatic  trough.  It  is  elastic  and  colorless ;  what  taste  and  smell 
it  possesses  are  unknown,  because  the  moment  it  i^'exposed  to  the  mouth  or  nostrils,  it 
abwrbs  atmospherical  oxygen,  and  becomes  nitrous  or  nitric  acid.  Its  specific  gravity  it 
1*0393,  or  1*04;  whence  100  cubic  inches  weigh  36*66  gr.  Water  condenses  not  more 
than  JL  of 'its  volume  of  this  gas.  It  extinguishes  animal  life,  and  the  flame  of  many 
combustibles ;  but  of  phosphorus  well  kindled,  it  brightens  the  flame  in  a  most  remark* 
•kle  desree.    It  eoiuists  of  47  parts  of  nitrogen  gas^  and  53  of  oxygen  gasi  bf  wci^*^ 
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•nd  of  equal  parts  in  balk,  without  any  condeBcatioii ;  so  that  the  specific  gravitj  flf 
deutoxyde  of  nitrogen  is  the  arithmetical  mean-  of  the  two  constituents.  The  coDStiH- 
tion  of  this  gas,  and  the  play  of  affinities  which  it  exercises  in  the  fonnatioii  of  snlphnae 
acid,  are  deeply  interesting  to  the  chemical  manuiKturer. 

The  Hyponitroui  acid  {SalpetrigaaHre,  Germ.)?  like  the  preceding  compound,  deserw 
notice  here,  on  account  of  the  part  it  plays  in  the  inversion  of  sulphur  into  solphurie 
acid,  by  the  agency  of  nitre.  It  is  formed  by  mingling  four  volumes  of  deutoxyde  of 
nitrogen  with  one  volume  of  oxygen ;  and  appears  as  a  dark  orange  vapor  which  is  con- 
densable into  a  liquid  at  a  temperature  of  4® —  zero,  Fahr.  When  distilled,  this  UquA 
leaves  a  dark  yellow  fluid.  The  pure  hyponitrous  acid  consists  of  37*12  nitrogen,  aid 
62*88  oxygen ;  or  of  two  volumes  of  the  first,  and  three  of  the  second.  Water  convcrls 
it  into  nitric  acid  and  deutoxyde  of  nitrogen ;  the  latter  of  which  escapes  with  efiervok 
cence.  This  acid  oxydizes  most  combustible  bodies  with  peculiar  energy ;  and  tboag^ 
its  vapor  does  not  operate  upon  dry  sulphurous  acid,  yet,  through  the  agency  of  steaa^ 
it  converts  it  into  sulphuric  acid,  itself  being  simultaneously  transformed  into  deutoxyde 
of  nitrogen ;  ready  to  become  hyponitrous  acid  again,  and  to  perform  a  circulating  seriqi 
of  important  metamorphoses.    See  Sulphuric  Acid. 

NITROGEN  GAS,  or  AZOTE  (Eng.  and  Fr.;  Stick$ioffg<u,  Genn.)^  constitnto 
about  79  hundredths  of  the  bulk  of  the  atmospheric  air ;  it  is  copiously  disengaged  fron 
several  mineral  springs,  as  from  the  natural  basins  of  hot  water  which  supply  the  baths 
of  Leuk,  near  the  Gemmi  in  Switzerland,  and  from  other  springs,  in  the  Pyrenees^  ia 
Ceylon,  South  and  North  America,  &,c.  It  exists  also  in  flesh  and  most  animal  rab* 
stances,  as  well  as  in  some  vegetable  products,  being  one  of  their  essentia]  constitneats. 
When  phosphorus  is  burnt  within  a  jar  filled  with  air,  standing  over  water  in  the  pnea- 
matic  trough,  it  consumes  or  absorbs  the  oxygen,  and  leaves  nitrogen,  which  may  be  ren- 
dered pure  by  agitation  with  water.  By  exposing  nitrite  of  ammonia  to  heat  in  a  retort, 
nitrogen  comes  over  alone  in  great  abundance;  for  the  hydrogen  of  the  ammonia  is  sol- 
ficient  to  saturate  the  oxygen  of  the  acid,  and  to  convert  it  into  water;  while  the  nitro- 
gen of  both  constituents  is  set  at  liberty.  By  transmitting  chlorine  through  water  oT 
ammonia,  or  digesting  lean  flesh  in  warm  nitric  acid,  nitrogen  may  also  be  obtained. 
This  permanently  elastic  gas  is*destitute  of  color,  taste,  and  smcU ;  it  has  a  specific  gn- 
vity  of  0*976,  air  being  1*000.  Hence  100  cubic  inches  of  it  weigh  29*7  gr.  It  eztia- 
guishes  all  burning  bodies,  and  when  respired  without  oxygen  is  fatal  to  animal  life. 

NITROGEN,  PROTOXYDE  OF,  Nitroiu  oxyde  {Protoxyde  d-azote,  Fr.;  SiiiMtf- 
oxyduly  Germ.),  is  a  gas  which  displays  remarkable  powers  when  breathed,  causing  n 
many  persons  unrestrainable  feelings  of  exhilaration,  whence  it  has  been  called  the  laogh- 
ing  or  intoxicating  gas.  It  is  prepared  by  exposing  cr}-stallized  nitrate  of  ammonia  tot 
heat  of  about  350^  Fahr.  in  a  glass  retort.  It  is  much  denser  than  the  air  of  the  atmo- 
sphere, having  a  spec.  grav.  of  1*527;  whence  100  cubic  inches  weigh  46*6  grains.  It 
consists  of  63*64  parts  of  nitrogen,  and  36*36  of  oxygen,  by  weight ;  or  of  two  volumes  of 
nitrogen  and  one  volume  of  oxygen,  condensed  by  reciprocal  attraction  into  two  Toluines. 
It  is  colorless,  and  possesses  all  the  mechanical  properties  of  the  atmosphere.  Water 
previously  freed  from  air  absorbs  its  own  volume  of  this  gas;  and  thns  aflbrds  a  reidf 
criterion  for  estimating  its  freedom  from  incondensable  gases,  as  oxygen,  nitrogen,  ind 
its  deutoxyde.  Several  combustibles  bum  in  this  gas  with  an  enlargol  blue  and  very 
vivid  flame ;  and  it  relumes  a  taper  which  has  been  blown  out,  provuled  its  tip  be  red- 
hot.    By  powerful  pressure  it  may  be  liquefied.    See  Gas. 

NITRO-MURIATIC  ACID,  ^qua  regia  (Jcide  nitro^Trmrialique,  Fr. ;  Salpettr  sth- 
aaiire,  Kfinigiwcustr,  Germ.)  is  the  compound  menstruum  invented  by  the  alchemists  far 
dissolving  gold.  If  strong  nitric  acid,  orange-colored  by  saturation  with  nitrous  gas 
(deutoxyde  of  azote),  be  mixed  with  the  strongest  liquid  muriatic  acid,  no  other  eflfect  ii 
produced  than  might  be  expected  from  the  action  of  nitrous  acid  of  the  same  strength 
upon  an  equal  quantity  of  water;  nor  has  the  mixed  acid  so  formed  any  power  of 
acting  upon  gold  or  platina.  But  if  colorless  aquafortis  and  ordinary  muriatic  acid  be 
mixed  together,  the  mixture  immediately  becomes  yellow,  and  acquires  the  power  of 
dissolving  these  two  noble  metals.  When  gently  heated,  pure  chlorine  gas  riw 
from  it,  and  its  color  becomes  deeper ;  when  further  heated,  chlorine  still  rises,  bnt  aow 
mixed  with  nitrous  acid  gas.  If  the  process  has  been  very  long  continued,  tiO 
the  color  becomes  very  dark,  no  more  chlorine  can  be  procured,  and  the  liquor  has  kul 
the  power  of  dissolving  gold.  It  then  consists  of  nitrous  and  muriatic  acids.  It  appeaiSy 
therefore,  that  aqua  regia  owes  its  peculiar  properties  to  the  mutual  decompoii- 
tlon  of  the  nitric  and  muriatic  acids ;  and  that  water,  chlorine,  and  nitrous  acid  gas  are 
the  results  of  that  reaction.  Aqua  regia  does  not,  strictly  speaking,  oxydize  goU 
and  platinum ;  it  causes  merely  their  combination  with  chlorine.  It  may  be  composed 
of  very  diflferent  proportions  of  the  two  acids;  the  nitric  being  commonly* of  specific 
gravity  1*34;  the  muriatic,  of  specific  gravity  M8  or  M9.  &)metime8  3  parts,  tad 
at  others  6  parts  of  the  muriatic  acid  are  mixed  with  1  of  nitric ;  and  occasionallj  niH- 
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liate  of  ammonia,  inglead  of  muriatic  acid,  is  added  to  nitric  acid  for  particular  porpofoty 
as  for  makias^  a  solution  of  tin  for  the  dyers.  An  aqua  regia  may  also  be  preparal  \ff 
dissolving  nitre  in  muriatic  acid. 

N[TRO(JS  ACID  (M'UU  nt/reux,  In*. ;  Salpeirige  Molpdersaure^  Germ.)  may  be  pio- 
cared  by  distillini?,  in  a  coated  glass  retort,  perfectly  dry  nitrate  of  lead,  into  a  glass  re- 
ceiver surrounded  with  a  freezing  mixture.  The  acid  passes  over  in  vapor,  and  condensed 
into  a  liquid;  oxysren  gas  escapes  through  the  safety  tube ;  while  oxyde  of  lead  remains 
in  the  bottom  of  the  retort.  Nfitrous  acid  may  also  be  obtained  by  distilling  strong  fuming 
nitric  acid,  at  the  lowest  possible  temperature,  and  rectifying  what  comes  over.  At  4® — 
sero,  Fahr.,  this  aciJ  is  colorless ;  at  32^  it  is  wax  yellow;  at  60°  it  has  an  orange  hue. 
It  possesses  a  stron-'  smell,  has  a  very  pun?ent,  acrid,  sour  taste,  and  a  specific  gravity 
of  1*42.  It  powerfully  decomposes  organic  bodies,  staining  them  yellow.  It  boils  at  82^ 
F^hr.  with  the  disengagement  of  red  or  orange  fumes.  Its  constituents  are,  41*34  of 
hyponitrous  aci  1,  and  58*66  of  anhydrous  nitric  acid ;  or  ultimately,  30*68  nitrogen  =  1 
▼olume,  and  69*32  oxygen  =  2  volumes.  In  its  other  habitudes,  it  is  quite  analogous  to 
hyponitrous  acid. 

A  mixture  of  this  double  or  compound  acid  with  nitric  acid,  constitutes  the  orange- 
brown  fumin?  nitrous  acil  of  the  British  apothecaries. 

The  hyponitrous  and  nitrous  are  two  acids  reouurkable  for  containing  no  water  in  their 
composition ;  being  therefore  dry  liqui  it. 

NOPaL  is  the  Mexican  name  of  the  plant  cactus  opuntia^  upon  which  the  cochineal 
Insect  breeds. 

NUTMEG  {Mmcadty  Fr. ;  Mwkattnnut^^  Gem.)  is  the  fruity  of  the  myrUHca 
moschaiOy  a  beautiful  tree  of  the  family  of  the  lanrinect  of  Jussieu,  which  grows  in  the 
Jtfolacca  islands.  All  the  parts  of  this  tree  are  very  aromatic ;  but  only  those  portions 
of  the  frhit  called  mace  and  nutmeg  are  sent  into  the  market.  The  entire  fruit  is  a 
species  of  drupa,  of  an  ovoid  form,  of  the  size  of  a  peach,  and  furrowed  longitudinally. 
The  nutmeg  is  the  innermost  kernel,  or  seed,  contained  in  a  thin  shell,  which  is  surround- 
ed by  the  mace ;  and  this  again  is  enclosed  in  a  tough  fleshy  skin,  which  opening  at  the 
tip,  separates  into  two  valves.  The  nutmeg  tree  yields  three  crops  annually ;  one  in 
April,  which  is  the  best ;  one  in  August ;  and  one  in  December. 

Good  nutmegs  should  be  dense,  and  feel  heavy  in  the  hand.  When  they  have  been 
perforated  by  worms,  they  feel  light,  and  though  the  holes  have  been  fraudulently  stopped^ 
the  unsound  ones  may  easily  be  detected  by  this  criterion. 

Nmtmega  aflford  two  oily  products.  1.  Butter  of  nutmeg,  vulgarly  called  oil  of  mace,  is 
obtained  in  the  Moluccas,^by  expression,  from  the  fresh  nutmegs,  to  the  amount  of  50  per 
cent,  of  their  weight.  It  is  a  reddish  yellow  butter-like  substance,  interspersed  with  light 
and  dark  streaks,  and  possesses  the  agreeable  smell  and  taste  of  the  nutmeg,  from  the 
presence  of  a  volatile  oil.  It  consists  of  two  fats ;  one  reddish  and  sofl,  soluble  in  cold 
Alcohol;  another  white  and  solid,  soluble  in  hot  alcohoL  2.  The  volatile  oil  is  solidy  or 
•  tienopiiney  and  has  been  styled  Myrialicine, 

NUT  OIL.    See  Oils,  Unctuous. 

NUX,  VOMICA,  a  poisonous  nut,  remarkable  for  containing  the  vegeto-alkaU 
CraTCHNiA. 


O. 

OAK  BARK.    See  Tan. 

OATS.  {JvoifUy  Fr. ;  Haftr,  Germ.)  The  composition  of  oats  is  less  known  than 
that  of  the  other  Cerealia.  Vogel  found  that  100  parts  of  oats  afforded  66  parts  of 
flour  or  meal,  and  34  parts  of  bran  ;  but  this  proportion  would  depend  upon  the  quality 
of  the  grain.  The  flour  contains  2  parts  of  a  greenish-yellow  fat  oil ;  8  25  of  bitterish 
sweet  extractive ;  2-5  of  gum ;  4-30  of  a  gray  substance,  more  like  coagulated  albumen 
than  gluten ;  59  of  starch ;  21  of  moisture  (inclusive  of  the  loss).  Schrader  found  in  the 
ashes  of  oats,  silica,  carbonate  of  lime,  carbonate  of  magnesia,  alumina,  with  oxydes  of 
mangan^e  and  iron. 

OBSIDIAN  is  a  glassy  looking  mineral,  with  a  large  conchoidal  fracture,  and  of  a 
blackish  color,  which  froths  much  at  the  blow-pipe  before  it  melts  into  a  white  enamel. 

OCHRE,  ytUow  and  broum  (Ocre^  Fr.;  Ockery  Germ.),  is  a  native  earthy  mixtu^ 
of  silica  and  alumina,  colored  by  oxyde  of  iron,  with, occasionally  a  little  calcareous 
matter  and  magnesia.  Ochre  occurs  in  beds  some  feet  thick,  which  lie  generally  aboiro 
the  oolite,  are  covered  by  sandstone  and  quartzose  sands  more  or  less  ferruginous,  aqd 
mre  accompanied  by  gray  plastic  clays,  of  a  yellowish  or  reddish  color;  all  of  thefn 
ipbstuDces  which  contribute  more  or  less  to  its  formation.  The  ochry  earths  are  pre- 
fared  for  use  by  grinding  under  edge  mill8tones»  and  elutriation.     The  yellow  ochres 
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may  be  euDy  rendered  red  or  reddish  brown  by  calcination  in  a  rererbeimtDfy  offl% 
which  oxydizes  their  iron  to  a  higher  degree. 

Native  red  ochre  is  called  red  chalk  and  reddle  in  Enirland.  It  is  an  intimate  miztarf 
of  clay  and  red  iron  ochre ;  is  massive ;  of  an  earthy  fracture ;  is  brownisb-redy  blood- 
red,  stains  and  writes  red.  The  oxyde  of  iron  is  sometimes  so  considerable,  that  the 
ochre  may  be  reckoned  an  ore  of  that  metal. 

The  ochre  beds  of  England  are  in  the  iron  sand,  the  lowest  of  the  ibrmatioDS  which 
intervene  between  the  chalk  and  oolites.  Beds  of  fuller's  earth  alternate  with  the  im 
sand.    The  following  is  a  section  of  the  ophre  pits  at  Shotover  HID,  near  Oxford  »-» 


Beds  of  highly  ferruginous  grit,  forming  the  summit  of  the  hill 

Gray  sand •        .        . 

Ferruginous  concretions 

Yellow  sand 

Cream  colored  loam 

Ochre 


6  feet. 
3  do. 
1 
6 

4 
06 


Beneath  this,  there  is  a  second  bed  of  ochre,  separated  by  a  thin  bed  of  clay. 

Bole,  or  Armenian  bole ;  called  also  Lemnian  earth,  and  terra  sigiUata,  beomse 
refined  it  was  stamped  with  a  seal ;  is  massive,  with  a  conchoidal  fracture,  a  feeble  histie^ 
reddish-yellow  or  brown,  a  greasy  feel ;  adheres  to  the  tongue,  spec  gray.  1*4  to  M 
It  occurs  in  the  island  Stalimene  (the  ancient  Lesbos),  and  in  seveml  other  plaeei^ 
especially  at  Sienna ;  whence  the  brown  pigment  called  terra  di  Siena. 

OILS  (Huilesy  Fr. ;  Oe/€,  Germ.),  are  divisible  into  two  great  classes:  the  fat  or  Ifand 
oils,  huUu  grasses,  Fr. ;  Fette  oele,  Germ. ;  and  the  essential  or  volatile  oOs,  HuiU»  vok' 
iiUiy  Fr. ;  FlUchtige,  aetherische  oele,  Germ,  The  former  are  usually  bland  and  mild  Is 
the  taste ;  the  latter  hot  and  pungent  The  term  distilled,  applied  also  to  the*laat  daa^ 
is  not  so  correct,  since  some  of  them  are  obtained  by  expression,  as  the  whole  of  the  int 
class  may  be,  and  conmionly  are. 

All  the  known  fatty  substances  found  in  organic  bodies,  without  reference  to  their 
Tegetable  or  animal  origin,  are,  according  to  their  consistence,  arranged  under  the  t»hftn^ 
heads  of  oils,  butters,  and  tallows.  They  all  possess  the  same  ultimate  C0Dttitaeat% 
carbon,  hydrogen,  and  generally  oxygen,  and  in  nearly  the  same  proportiont. 

The  fat  oils  are  widely  distributed  through  the  organs  of  vegetable  and  animal  natiireL 
They  are  found  in  the  seeds  of  many  plants,  associated  with  mucilage,  especially  in  those 
of  the  bicotyledinous  class,  occasionally  in  the  fleshy  pulp  surrounding  some  seeds,  ss 
the  olive ;  also  in  the  kernels  of  many  fruits,  as  of  the  nut  and  almond  tree,  and  ftoaOy 
in  the  roots,  barks,  and  other  parts  of  plants.  In  animal  bodies,  the  oily  matter  occut 
enclosed  in  thin  membraneoos  cells,  between  the  skin  and  the  flesh,  between  the  mnseakr 
fibres,  within  the  abdominal  cavity  in  the  omentum,  upon  the  intestines,  and  round  the 
kidneys,  and  in  a  bony  receptacle  of  the  scull  of  the  spermaceti  whale ;  sometimes  it 
special  organs,  as  of  the  beaver;  in  the  gall-bladder,  &c.,  or  mixed  in  a  liquid  state  with 
other  animal  matters,  as  in  the  milk. 

Braconnot,  but  particularly  Raspail,  have  shown  that  animal  fats  consist  of  snsO 
microscopic,  partly  polygonal,  and  partly  reniform  particles,  associated  by  meant  of  their 
containing  sacs.  These  may  be  separated  from  each  other  by  tearing  the  recent  fat  asunder, 
rinsing  it  with  water,  and  passing  it  through  a  sieve.  The  membranes  being  thus  retaiii- 
ed,  the  granular  particles  are  observed  to  float  in  the  water,  and  afterwards  to  aeparsti^ 
like  the  globules  of  starch,  in  a  white  pulverulent  semi  crystalline  form.  The  partidei 
consist  of  a  strong  membraneous  skin,  enclosing  stearine  and  elaine,  or  solid  and  liquid  fsty 
which  may  be  extracted  by  trituration  and  pressure.  These  are  lighter  than  water,  Iwt 
sink  readily  in  spirit  of  wine.  When  boiled  in  strong  alcohol,  the  oily  principle  dtscohcs, 
but  the  fatty  membrane  remains.  These  granules  have  difierent  sizes  and  shapes  in  dif^ 
ferent  animals ;  in  the  calf,  the  ox,  the  sheep,  they  are  polygonal,  and  from  JL  to  ^. 
of  an  inch  in  diameter;  in  the  hog  they  are  kidney-shaped,  and  from  -^V  to  ,4^  or  u 
inch;  in  man,  they  are  polygonal,  and  from  ^  to  ^^  of  an  inch;  in  inseets  they  are 
usually  spherical,  and  not  more  than  .JL-  of  an  inch. 

The  following  is  a  list  of  the  Plants  which  yield  the  ordinary  Unctuous  Oils  of  ( 


No. 

1. 
2. 
3. 
4. 
5. 

PUnts. 

<«                   Gill. 

Linum  usitatissum  et  perenne  •    D. 
Corylcus  avellana  >      -           .    ^ 
Juglansregia        J      -           -    ^* 
Papaver  somniftnim     -           -    D. 
Cannabis  sativa           -           -    D. 

Linseed  oil   > 

Nut  oil          -           .           . 

Poppy  oil      -           .           - 
Hemp  oil       ... 

0*9347 

0-9260 

0-9843 
0-9t76 

(»L8>  UKcroaoa 

le  Plants  which  yield  the  ordinary  Unetaong  Oils  of  commerce— con/teccL 


Planta. 


119  orientale 

• 

6. 

laropea  - 

- 

G. 

alos  communis  - 

• 

6. 

dina  mohringa    - 

. 

6. 

>ita  pepo,  and  melapepo 

D. 

siWatica 

. 

G. 

nigra  et  anrensis 

- 

G. 

Ihns  annuus  et  perennis 

D. 

a  napus  et  campestris 

* 

G. 

1  communis 

- 

D. 

na  tabacum  et  mstica 

. 

D. 

domestica 

. 

G. 

inifera    - 

• 

D. 

oma  cacao 

. 

G. 

lucifera 

. 

G. 

bntyracea  vel  avoira  elais 

G. 

nobilis  - 

. 

G. 

1  hypogsa 

- 

G. 

indica  - 

m 

G. 

IS  matronalis 

m 

D. 

ito  sativa 

m 

D. 

Inteola 

m 

D. 

im  sativam 

m 

D. 

belladonna 

m 

D. 

iom  Barbadense 

m 

D. 

a  campestris  oleifera 

- 

G. 

a  prscox 

- 

G. 

ins  sativus  oleifer 

- 

G. 

cerasns 

• 

G. 

nalns 

m 

G. 

ons  Eurof  sens   - 

- 

G. 

sangninea 

- 

G. 

s  esculenta 

- 

G. 

ons  niger 

- 

G. 

IS  hippocastanum 

. 

G. 

bies 

. 

D. 

Oils. 

Spec  gntritj. 

Oil  of  sesamnm 

Olive  ofl    ... 

0-9176 

Almond  oil             .           . 

0*9180 

Oil  of  behen  or  ben 

Cucumber  oil         - 

0-9231 

Beech  oil   .           -           . 

0-9226 

OU  of  mustard 

0'9]e0 

Oil  of  sunflower     - 

0-9262 

Rape-seed  oil         - 

0-9136 

Castor  oil  . 

0*9611 

Tobacco-seed  oil    - 

0-9232 

Plum-kernel  oil      - 

0-9127 

Grape-seed  oil 

0-9202 

Butter  of  cacao 

0-892 

Cocoa-nut  oil         - 

Palm  oil    - 

0-968 

Laurel  oil  . 

Ground-nut  oil       - 

Piney  tallow 

0-926 

Oil  of  Julienne      - 

0-9281 

Oil  of  camelina     - 

0-9252 

Oil  of  weld-seed    - 

0*9358 

Oil  of  garden  cresset 

0-9240 

Oil  of  deadly  nightshade  - 

0*9250 

Cotton-seed  oil      - 

Colza  oil    - 

0-9136 

Summer  rape-seed  oil 

0*9139 

Oil  of  i-adish-seed  . 

0*9187 

Cherry-stone  oil    . 

0*9239 

Apple-seed  oil 

Spindle-tree  oil 

0*9380 

Comil-berry  tree  oil 

Oil  of  the  roots  of  cyper  grass 

0*9180 

Henbane-seed  oil   - 

0*9130 

Horse-chestnut  oil  - 

0*927 

Pinetop  oil             -           - 

0-285 

are  contained  in  that  part  of  the  seed  which  gives  birth  to  the  cotyledons  j 
mnd  in  the  plumula  and  radicle.  Of  all  the  families  of  plants,  the  cmci- 
diest  in  oleiferous  seeds ;  and  next  to  that  are  the  dropace se,  amentacese. 

The  seeds  of  the  gramineoe  and  leguminore  contain  rarely  more  than  a 
I.  One  root  alone,  that  of  the  cyTptru*  etculenta,  contains  a  fat  oil.  The 
I  furnished  by  seeds  varies  not  only  with  the  species,  but  in  the  same  seed, 
nd  climate.  Nuts  contain  about  half  their  weight  of  oil ;  the  seeds  of  the 
ea  and  campcstrisy  one  third ;  the  variety  called  colza  in  France,  two  fifths; 
fourth ;  and  linseed  from  one  fourth  to  one  fifth.  Unverdorben  states  that  a 
irters  of  linseed  yields  40  ahm8=120  gallons  English  of  oil;  which  is  about 
er  quarter. 

B,  when  first  expressed  without  much  heat,  taste  merely  unctuous  on  the 
[hale  the  odor  of  their  respective  plants.  They  appear  quite  neutral  by  lit- 
rheir  fluidity  is  very  various,  some  being  solid  at  ordinary  temperatures,  and 
ing  fluid  at  the  freezing  point  of  water.  Linseed  oil  indeed  does  not  con- 
*d  from  4°  to  \^  below  if*  F.  The  same  kind  of  seed  usually  aflfbrds  oils 
grees  of  fusibility ;  so  that  in  the  progress  of  refrigeration  one  portion  con- 
inother.  Chevreul,  who  was  the  first  to  observe  this  fact,  considers  all  the 
posed  of  two  species,  one  of  which  resembles  sitety  and  was  thence  styled  by 
and  another  which  is  liquid  at  ordinary  temperatures,  and  was  called  elaim, 
refrigeration  and  pressure  between  the  folds  of  blotting  paper,  or  in  linen 

part  is  separated,  and  the  solid  remains.  By  heating  the  paper  in  water, 
nay  be  obtained  separate.  When  alcohol  is  boiled  with  the  natural  oil,  the 
r  the  stearine  remains  undissolved. 
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Oleine  may  also  be  inroenred  by  digesting  the  oil  with  a  quantity  of  camtie  adda  eqatl 
to  one  half  of  what  is  requisite  to  saponify  the  whole ;  the  stearine  is  first  tranfforined 
into  soap,  then  a  portion  of  the  oleine  undergoes  the  same  change,  but  a  great  part  of 
it  remains  ia  a  pure  state.  This  process  succeeds  only  with  recently  expresffed  or  Toy 
fresh  oils.  The  properties  of  these  two  principles  of  the  fat  oils  vary  with  the  aatare  cf 
llie  respective  oils,  so  that  the  sole  difference  does  not  consist,  as  many  sfippoae,  ia  the 
different  proportions  of  these  two  bodies,  but  also  in  peculiarities  of  the  sereral  steanscs 
and  oleines,  which,  as  extracted  from  different  seeds,  solidify  at  very  different^cmpen- 
tnres. 

In  close  vessels,  oils  may  be  preserved  fresh  for  a  very  long  time,  bot  witli  ecmtaet  of 
air  they  undergo  progressive  changes.  Certain  oils  thicken  and  eventoally  dry  into  a 
transparent,  yellowish,  flexible  substance ;  which  forms  a  skin  upon  the  surlaee  of  the 
oil,  and  retards  its  further  alteration.  Such  oils  are  said  to  be  drying  or  tteesltae,  aad 
are  used  on  this  account  in  the  preparation  of  varnishes  and  painters'  colors.  Other  oik 
do  not  grow  dry,  though  they  turn  thick,  become  less  combustible,  and  assume  an  oflca* 
live  smell.  They  are  then  called  rancid.  In  this  state,  they  exhibit  an  acid  reactioa, 
and  irritate  the  fauces  when  swallowed,  in  consequence  of  the  presence  of  a  pecoliw 
acid,  which  may  be  removed  in  a  great  measure  by  boiling  the  oil  along  with  water  and 
a  little  common  magnesia  for  a  quarter  of  an  hour,  or  till  it  has  lost  the  property  of  rei» 
dening  litmus.  While  oils  undergo  the  above  changes,  they  absorb  a  quantity  of  oxygea 
equal  to  several  times  their  volume.  Saussure  found  that  a  layer  of  nut  oO,  aae  quarter 
cf  an  inch  thick,  enclosed  along  with  oxygen  gas  over  the  surface  of  quicksilTer  in  tht 
shade,  absorbed  only  three  times  its  bulk  of  that  gas  in  the  course  of  eight  months ;  bat 
when  exposed  to  the  sun  in  August,  it  absorbed  60  volumes  additional  in  the  course  cf 
ten  days.  This  absorption  of  oxygen  diminished  progressively,  and  stopped  attogethcr  si 
the  end  of  three  months,  when  it  had  amounted  to  145  times  the  bulk  of  the  aSL  No 
water  was  generated,  but  21*9  volumes  of  carbonic  acid  were  disengaged^  while  thesfl 
was  transformed  in  an  anomalous  manner  into  a  gelatinous  mass,  which  did  not  staia 
paper.  To  a  like  absorption  we  may  ascribe  the  elevation  of  temperature  whieh  hnppeas 
when  wool  or  hemp,  besmeared  with  olive  or  rapeseed  oil,  is  leA  in  a  heap ;  cireumstaacei 
under  which  it  has  frequently  taken  fire,  and  caused  the  destruction  of  both  elft<h-miil 
ahd  dock-yards. 

In  illustration  of  these  accidents,  if  paper,  linen,  tow,  wool,  cotton,  mats,  straw,  waod 
shavings,  moss,  or  soot,  be  imbued  slightly  with  linseed  or  hempseed  oil,  and  placed  ia 
eontact  with  the  sun  and  air,  especially  when  wrapped  or  piled  in  a  heap,  they  t 
become  spontaneously  hot,  emit  smoke,  and  finally  burst  into  flames.  If  linseed  ofl 
giround  manganese  be  triturated  together,  the  soA  lump  so  formed  will  speedily 
firm,  and  ere  long  take  fire. 

The  fat  oils  are  completely  insoluble  in  water.  When  agitated  with  it,  the  mixtaK 
becomes  turbid,  but  if  it  be  allowed  to  settle  the  oil  collects  by  itself  upon  the  sufaee. 
This  method  of  washing  is  oAen  employed  to  purify  oils.  Oils  are  little  scdiuhle  ii 
alcohol,  except  at  high  temperatures.  Castor  oil  is  the  only  one  which  dissolves  in  edd 
alcohol.  Ether,  however,  is  an  excellent  solvent  of  oils,  and  is  therefore  employed  to 
extract  them  from  other  bodies  in  analysis;  aAer  which  it  is  withdrawn  by  dii- 
tlfiation.  * 

Fat  oils  may  be  exposed  to  a  considerably  high  temperature,  without  undergoiiig 
much  alteration ;  but  when  they  are  raised  to  nearly  their  boiling  point,  they  begin  to  Is 
decomposed.  The  vapors  that  then  rise  are  not  the  oil  itself,  but  certain  products  gea^ 
rated  in  it  by  the  heat.  These  changes  begin  somewhere  under  GOCP  of  Fahr.,  ami  re- 
quire for  their  continuance  temperatures  always  increasing.  The  products  consist  at  fifSt 
in  aqueous  vapor,  then  a  very  inflammable  volatile  oil,  which  causes  boiling  oil  to  tdtt 
fre  spontaneously;  and  next  carbureted  hydrogen  gas,  with  carbonic  acid  gas.  ha 
lamp,  a  small  portion  of  oil  is  raised  in  the  wick  by  capillarity,  which  being  heated,  boflt 
and  bums.    See  Rosin-gas. 

Several  fat  oils,  mixed  with  one  or  two  per  cent,  of  sulphuric  acid,  assume  inslaBflf 
a  dark  green  or  brown  hue,  and,  when  allowed  to  stand  quietly,  deposite  a  colornf 
matter  afler  some  time.  It  consists  in  a  chemical  combination  of  the  sulphurie  ad^ 
With  a  body  thus  separated  from  the  oil,  which  becomes  in  consequence  more  limpi^ 
as^  bums  with  a  brighter  flame,  especially  aAer  it  is  washed  with  steam,  and  elnrijkd  by 
repose  or  filtration.  Any  remaining  moisture  may  be  expelled  by  the  heat  of  a  water 
bath. 

The  oils  combine  with  the  salifiable  bases,  and  give  birth  to  the  substance  eaBed 
gt^uHne  (the  sweet  principle),  and  to  the  margaric,  oleic,  and  stearic  acids.  The  general 
product  of  their  combination  vnth  potash  or  soda,  is  Soap,  which  see.  Csnistie 
asnmonia  changes  the  oite  very  difficultly  and  slowly  into  a  soap ;  but  it  readily  nnitet 
iftth  them  into  a  milky  emulsion  called  volatile  liniment,  used  as  a  rubeiheieiit  M 
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medictne.  Upon  mixing  water  with  this  liqaor,  the  oil  separatef  in  an  unchanged 
state.  By  longer  coatact,  ammonia  acts  apon  oils  like  the  other  alkalis.  Sea  salt  dis^ 
solves  in  small  quantity  in  the  oils,  and  so  does  verdigris.  The  latter  solntioa  is  green. 
Oils  dissolve  also  several  of  the  vegetable  alkalis,  as  morphia,  cinchonia,  quinia,  strj'chia^ 
smd  delphia. 

Olive  oil  cqnsists  of  77-2  carbon,  13*4  hydrogen,  and  9*4  oxygen,  in  100  parts.    Sperm* 
aceti  oil,  by  my  analysis,  of  78*9  carbon,  10*97  hydrogen,  and  10*13  oxygen. 


Castor  oil     do.  - 

.    74*0 

10*3 

15*7 

asote, 

Stearine  of  olive  oil 

82*17 

11-23 

6-30 

0-30  Saui$Wi 

Oleine  of   do.    - 

.    76*0,? 

11*54 

12*07 

0*35    do. 

linseed  oil      -        - 

76*01 

11*35 

12*64 

do. 

Nutoa       - 

-    79*77 

10*57 

9*12 

0-54    do. 

Oil  of  almonds 

77-40 

11*48 

10*83 

0-29 

Be  Saossure  concludes  that  the  less  fusible  fals  contain  more  carbon  and  less  oxygen, 
and  that  oils  are  more  soluble  in  alcohol,  the  more  oxygen  they  contain. 

I  shall  now  take  a  short  view  of  the  peculiarities  of  the  principal  expressed  oUs. 

Oil  of  aimond$y  according  to  Gusseron,  contains  no  stearine ;  at  least  he  could  obtain 
■one  by  cooling  it  and  squeezing  it  successively  till  it  all  congealed.  Braconnot  had,  on 
the  contrary,  said,  that  it  contains  24  per  cent,  of  stearine.  I  believe  that  Gusseron  is 
right,  and  that  Braconnot  had  made  (hUacious  experiments  on  an  impure  oil. 

OU  of  colza  is  obtained  from  the  seeds  of  brattica  campestrisy  to  the  amount  of  39  per 
eent.  of  their  weight.    It  forms  an  excellent  lamp  oil,  and  is  much  employed  in  France. 

The  eorylm  avtUana  furnishes  in  oil  60  per  cent,  of  tlie  weight  of  the  nuts. 

Htmpteed  oil  resembles  the  preceding,  but  has  a  disagreeable  smell,  and  a  mawkish 
taste.    It  is  used  extensively  for  making  both  soA  soap  and  varnishes. 

Linieed  oil  is  obtained  in  greatest  purity  by  cold  pressure ;  but  by  a  steam  heat  of 
about  200^  F.  a  very  good  oil  may  be  procured  in  larger  quantity.  The  proportion  of 
oil  usually  stated  by  authors  is  22  per  cent,  of  the  weight  of  the  seed ;  but  Mr.  Blundell 
informs  me,  that,  by  his  plan  of  hydraulic  pressure,  he  obtains  from  26  to  27.  In  the 
£neyelopeedia  Metropolitana,  under  Oil  Preu,  a  quarter  of  seed  (whose  average  weight 
is  400  lbs.)  is  saki  to  yield  20  gallons  of  oil.  Now  as  the  gallon  of  linseed  oil  weighs 
9*3  lbs.,  the  total  product  will  be  186  lbs.,  which  amounts  to  more  than  45  per  cent. — an 
extravagant  statement,  about  double  the  ordinary  product  in  oil  mills.  Even  supposing 
the  gallons  not  to  be  imperial,  but  old  English,  we  should  have  upwards  of  38  per  cent, 
of  oil  by  weight,  which  is  stiU  an  impossible  quantity.  Such  are  the  errors  introduced 
into  respectable  books,  by  adopting  without  practical  knowledge,  the  puffing  statements 
of  a  patentee.  It  dissolves  in  5  parts  of  boiling  alcohol,  in  40  parts  of  cold  alcohol,  and 
Hs  1-6  parts  of  ether.  When  kept  long  cool  in  a  cask  partly  open,  it  deposites  masses  of 
wUte  stearine- along  with  a  biownish  powder.     That  stearine  is  very  diffieult  of  saponi- 


M—tard-utd  oiL  The  white  or  yellow  seed  affords  36  per  cent,  of  oil,  and  the  black 
18  per  cent.    The  oil  concretes  when  cooled  a  little  below  32°  F. 

N%1  oil  is  at  first  greenish  colored,  but  becomes  pale  yellow  by  time.  It  congeals  at  the 
low  temperature  as  linseed  oil,  into  a  white  mass,  and  has  a  more  drying  quality 
thaait.  • 

Oil  of  olivtM  is  sometimes  of  a  greenish  and  at  others  of  a  pale  yellow  color.  A  few 
dei^rees  above  32^  F.  it  begins  to  deposite  some  white  granules  of  stearine,  especially  if 
the  oil  have  been  originally  expressed  with  heat.  At  22^  it  deposites  28  per  cent,  of  its 
weight  in  stearine,  which  is  fusible  ai;ain  at  68°,  and  affords  72  per  cent  of  oleine. 
Aceording  to  Kerwych,  oleine  of  singular  beauty  may  be  obtained  by  mixing  2  parts  ai 
olive  oil  with  1  part  of  caustic  soda  ley,  and  macerating  the  mixture  for  24  hours  with 
frequent  agitation.  Weak  alcohol  must  then  be  poured  into  it,  to  dissolve  the  stearine 
soap,  whereby  the  oleine,  which  remains  meanwhile  unsaponified,  is  separated,  and  floats 
on  the  snrface  of  the  liquid.  This  being  drawn  off,  a  fresh  quantity  of  spirits  is  to  be 
ponred  in,  till  the  separation  of  all  the  oleine  be  completed.  It  has  a  slightly  yellowish 
tiat,  which  may  be  removed  by  means  of  a  little  animal  charcoal  mixed  with  it  in  a  warm 
place  for  24  hours.  By  subsequent  filtration,  the  oleine  is  obtained  limpid  and  colorless, 
of  such  quality  that  it  does  not  thicken  with  the  greatest  cold,  nor  does  it  affect  either 
iron  or  copper  instruments  immersed  in  it. 

There  are  three  kihds  of  olive  oil  in  the  market.  The  best,  called  virgin  salad  oil,  is 
obtained  by  a  gentle  pressure  in  the  cold;  the  more  common  sort  is  procured  by 
stronger  pressure,  aided  with  the  heat  of  boiling  water ;  and  thirdly,  an  inferior  kind» 
by  boiling  the  olive  residuum  or  marCf  with  water,  whereby  a  «ood  deal  of  mucilaginons 
oU  rises  and  floats  on  the  surface.  The  latter  serves  chiefly  for  making  soaps.  A  stitt 
wome  oil  is  got  .by  allowing  the  mass  of  bruised  olives  to  ferment  before  subjecting  it  to 
nressnre. 
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Ofl  of  dives  is  refined  for  the  watchmakers  by  the  foUowiog  simple  process,  intaa 
bottle  or  vial  containing  it,  a  slip  of  sheet  lead  is  immersed,  and  the  bottle  is  placed  at 
a  window,  where  it  may  receive  the  rays  of  the  sun.  The  oil  by  degrees  gets  coveied 
with  a  curdy  mass,  which  aAer  some  time  settles  to  the  bottom,  while  itscdf  becomes  £■• 
pid  and  colorless.  As  soon  as  the  lead  ceases  to  separate  any  more  of  that  white  sa^ 
stance,  the  oil  is  decanted  off  into  another  vial  for  use. 

Palm  oil  melts  at  117*5*'  F.,  and  is  said  to  consist  of  31  parts  of  stearine  and  69  «f 
oleine  in  100.  It  becomes  readily  rancid  by  exposure  to  air,  and  is  whitened  at  the 
same  time. 

The  oil  extracted  from  the  plucked  tops  of  the  pinus  abut,  in  the  Black  Forest  ia 
Germany,  is  limpid,  of  a  golden  yellow  color,  and  resembles  in  smell  and  taste  the  oil  of 
turpentine.    It  answers  well  for  the  preparation  of  varnishes. 

The  oil  of  plum-*tont9  is  made  chiefly  in  Wurtemberg,  and  is  found  to  answer  very  wdl 
lor  lamps. 

Poppy-9ted  oil  has  none  of  the  narcotic  properties  of  the  poppy  juice.  It  is  solable  ii 
ether  in  every  proportion. 

JRapC'seed  oil  has  a  yellow  color,  and  a  peculiar  smell.  At  25^  F.  it  becomes  a  ydkw 
mass,  consisting  of  46  parts  of  stearine,  which  fuses  at  50°,  and  54  of  oleine,  in  which 
the  smell  resides. 

The  oils  of  belladonna  teeds,  and  tobacco  ttedt,  are  perfectly  bland.  The  former  ii 
much  used  for  lamps  in  Swabia  and  Wurtemburg.  The  oil-cakes  of  both  are  poi- 
sonous. 

Oil  of  wine-stones  is  extracted  to  the  amount  of  10  or  1 1  per  cent,  from  the  seeds  of 
the  grape.  Its  color  is  at  first  pale  yellow,  but  it  darkens  with  age.  It  ia  used  as  an 
article  of  diet. 

rAT  OIL  MANUFACTURK. 

It  is  the  practice  of  almost  all  the  proprietors  in  the  neighborhood  of  Aix,  in  Pro* 
▼ence,  to  preserve  the  olives  for  15  days  in  bams  or  cellars,  till  they  have  imdergoBe 
m  species  of  fermentation,  in  order  to  facilitate  the  extraction  of  their  oil.  If  this  prae* 
tice  were  really  prejudicial  to  the  product,  as  some  theorists  have  said,  would  not  the  high 
reputation  and  price  of  the  oil  of  Aix  have  long  ago  suffered,  and  have  induced  them  to 
change  their  system  of  working  7  In  fact,  all  depends  upon  the  degree  of  f^rmentatioB 
excited.  They  must  not  be  allowed  to  mould  in  damp  places,  to  lie  in  heaps,  to  soften  so 
as  to  stick  to  each  other,  and  discharge  a  reddish  liquor,  or'to  become  so  hot  as  to  raise  a 
thermometer  plunged  into  the  mass  up  to  96^  F.  In  such  a  case  they  would  afibfd 
an  acrid  nauseous  oil,  fit  only  for  the  woollen  or  soap  manufactories.  A  slight  fermenta- 
tive action,  however,  is  useful,  towards  separating  the  oil  from  the  mucilage.  The  olivet 
are  then  crushed  under  the  stones  of  an  edge-mill,  and  next  put  into  a  screw.press,  being 
enclosed  in  bulrush-mat  bags  (cabas),  laid  over  each  other  to  the  number  of  eighteen. 
The  oil  is  run  off  from  the  channels  of  the  ground-sill,  into  casks,  or  into  stone  dstems 
ealled  pizcs,  two  thirds  filled  with  water.  The  pressure  applied  to  the  cabas  shook!  be 
slowly  graduated. 

What  comes  over  first,  without  heat,  is  the  virgin  oil  already  mentioned.  The  eabat 
being  now  removed  from  the  press,  their  contents  are  shovelled  out,  mixed  with  some 
boiling  wntcr,  again  put  in  ttt  bags,  and  pressed  anew.  The  hot  water  helps  to  cany 
off  the  oil,  which  is  received  in  other  casks  or  pizes.  The  oil  ere  long  accumlates  at  the 
surface,  and  is  skimmed  off  with  large  flat  ladles  ;  a  process  which  is  called  lever  Pknik, 
When  used  fresh,  this  is  a  very  good  article,  and  quite  fit  for  table  use,  but  is  apt  to 
get  rancid  when  kept.  The  subjacent  water  retains  a  good  deal  of  oil,  by  the  intenres- 
tion  of  the  mucilage ;  but  by  long  repose  in  a  large  general  cistern,  called  Penfiar,  it 
parts  with  it,  and  is  then  drawn  off  ftom  the  bottom  by  a  plug-hole.  The  oil  which  xv^ 
Dkains  afler  the  water  is  run  off,  is  of  an  inferior  quality,  and  can  be  used  only  ftr 
factory  purposes. 

The  marc  being  crushed  in  a  mill,  boiled  with  water,  and  expressed,  yields  m  stiD 
coarser  article. 

All  the  oil  must  be  fined  by  keeping  in  clean  tans,  in  an  apartment  heated  to  the  60lk 
degree  Fahr.  at  least,  for  twenty  days;  aAer  which  it  is  run  off  into  strong  casks,  which 
are  cooled  in  a  cellar,  and  then  sent  into  the  market. 

Oil  of  almonds  is  manufactured  by  agitating  the  kernels  in  bo^s,  so  as  to  separate 
their  brown  skins,  grinding  them  in  a  mill,  then  enclosing  them  in  bags,  and  squeesiag 
them  strongly  between  a  series  of  cast  iron  plates,  in  a  hydraulic  press ;  without  heat 
at  first,  and  then  between  heated  plates.  The  first  oil  is  the  purest,  and  least  apt  la 
become  rancid.  It  should  be  refined  by  filtering  through  porous  paper.  Next  to  olivs 
€»0,  this  species  is  the  most  easy  to  saponify.  Bitter  almonds,  being  cheaper  than  the 
sweet,  are  used  in  preference  for  obtaining  this  oil,  and  they  aflbrd  an  article  equally 
bland,  wholesome,  and  inodorous.  But  a  strongly  scented  oil  may  be  procured,  aceoid* 
iag  to  M,  Planche^  by  macerating  the  almonds  in  hot  water,  so  as  to  blanch  thca^ 
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ttndrTia;  (hem  ia  •  ttore,  ■nil  aflFrmrdi  mtgeciinK  tbem  to  pretnure.  The  voUUle 
d  «f  iliiioBdi  ia  obuined  t^  diatilling  the  muc  or  bitter  itlnioiul  cake,  tioag  willi  watv. 
ktPuM  HmuDuc,  Mid  8tba*ihb. 

lanad,  npoccd,  poppjieed,  and  other  aleiferoai  leed*  were  tormrt\j  treated  for 
tte  iilnetiN  of  their  oil,  bjr  poandius  in  hard  wooden  mortars  with  peitlei  ihod  wilh 
JM,  M  i«  notion  br  canu  drlTen  br  ■  «hafl  Inmed  nilh  horse  or  water  power,  then 
k  Iriltnted  eeed  wa«  pal  ioto  wooUen  ba^  which  were  wrapped  op  in  hair-dolha, 
Ml  HieneJ  belween  Qpri^l  wedgei  in  pms-boieB  by  ihe  impulsion  of  lenieal  nuna 
inratin  bf  a  cam  meehuiem.  In  the  best  mills  upon  the  old  eoniiraciion,  (he  calcei 
4lti»td  bf  ihia  firt  wedje  pretmre  were  thrown  upon  the  bedofaaedge-miU,  ^raunilanew 
Ml  Hhiaeted  to  a  Kcood  preiaare,  aided  by  heal  now,  ai  in  the  first  case.  These  mor* 
tn  ud  pTOB-bnxei  eonslilnte  what  are  colled  Duteh  milli.  They  are  still  in  verr 
incnl  Bse  both  in  thii  cooatiT  >nd  on  the  Conlintnl ;  and  are  bj  amaj  persons  snp- 
fCMd  U>  be  Referable  to  the  hrdranlic  piesses. 

1W  laUer-mill,  for  merely  bruising  the  linseed,  k«.,  prerious  to  grinding  it  under  ed^ 
4mm,  aad  to  healing  and  cmsliiiiB  il  in  a  Dalch  or  a  hrdreolie  oil-mill,  is  represented 
in  figt.  770,  and  771.  The  iron  shaft 
a,  has  a  winch  at  each  end,  with  a 
heary  fly-wheel  opon  the  one  ot  them, 
when  the  macbine  is  to  be  worked  by 
hand.  Upon  the  opposite  end  is  a  pul- 
ley, with  an  endless  cord  which  passe* 
nand  ■  pulley  on  the  end  of  Ihe  fluted 
roller  i,  and  thereby  drive*  it.  This  fluted 
roller  b,  lies  across  the  hopper  c,  and  by 
its  Imitation  causes  Ihe  seeds  to  descend 
equably  through  the  hopper,  between  Ihe 
crushing  rollers  d,  e.  Upon  the  shafts, 
there  is  also  a  pinion  which  works  into 
two  toolhed  wheels  an  Ihe  shafts  of  Ihe 
cruihing  cylinders  d  and  e,  thus  comrau- 
niOBling  lo  these  cylinders  motion  in 
opposite direeliona.  /,  jaretwoscruper- 
Uaden,  which  by  means  of  the  Iwo 
weights  *,  *,  hanging  upon  levers,  are 
pressed  against  Ihe  surfiees  of  the  cyl- 
inders, and  remove  any  seed-cake  from 
them.  The  bruised  seeds  fall  throngh  the 
slit  i  of  the  case,  and  are  receiied  into  a 
chest  which  stands  upon  the  board  k. 

Machines  of  this  kind  are  now  usually 
driven  by  power.  Hydraulic  presses  hare 
been  of  late  years  inlroducH  into  many 
seed-oil  milWin  this  eounlry  ;  bul  il  it 
slitl  a  malteror  dispute  whether  they,  or 
the  old  Dutch  oil-mill,  with  hais  of  seed 
compressed  between  wedges,  driven  by 
cam-stamps,  be  the  preferable ;  thai  is, 
afford  the  largest  product  of  oil  wilh  Ihe 
same  expendilnre  of  capital  and  power. 
For  figures  of  hydmulic  presses,  see 
Paan,  and  SrEAarNa. 

This  braising  of  the  seed  is  rnerely  a 
preparation  for  its  proper  grind  inn  under 
(ftirorheaTyedgesUnes,  ofgroBite,  fromS  to  T  feel  in  diameter;  becnune  unhruised 
Ml  is  apt  lo  slide  away  before  the  leriieal  rolling  wheel,  and  ihas  escape  triluialion. 
Tis  tdn^nill,  for  (rinding  seeds,  is  quile  analogous  to  the  go n powder-mill  represented 
■  fg.  Ml,  page  636.  Some  hoop  the  stones  wilh  an  iron  rim,  but  others  prefer,  and  I 
™ll  JMly,  the  rough  surface  of  granite,  and  dres*  it  from  lime  lo  lime  with  hamn>rf«. 
Mil  betones  irregular.  These  stones  make  from  30  lo  36  revolutions  apM)  Iheir 
kerboalal  bed  of  masonry  or  iron  in  a  minute.  TJie  centre  of  Ihe  bed,  where  il  is  per- 
^swrorthe  passage  of  Ihe  strong  vertical  shaft  which  lams  Ihe  slonrs,  is  enclosed  by 
xirtalar  boi  of  east  iron,  flraily  boiled  lo  Ihe  bed-none,  and  furnished  with  a  cover. 
^  tax  serrfs  to  prevent  any  seeds  or  posrder  eelting  into  Ihe  slep  or  socket,  and 
■tatuiag  ihc  iDtfrement. .  The  cirenmference  of  Ihe  mill  beil  is  formed  of  an  upright 
"Mrf  oak  i^nk,  bonnd  with  iron.  There  is  a  rectangular  notch  left  in  the  edge  of  the 
H*ad  eorresfaoding  part  of  Ihe  rim,  which  is  nnMlly  closed  wilh  a  slide-plaf,  and 
■•IMdoalyaltbendorUieoperBlion,  to  let  the  paaty  aeed-cake  be  toned  out  by 
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the  oblique  inn  of  the  bottom  scnprr.  The  two  paiallH  stonn,  which  af«Mt  ncarsdh 
other,  >ni  Iravel  rouad  Iheir  circular  path  npon  the  bed,  grind  the  weedt  sot  merdf  tf 
their  wei^til,  of  three  tups  vuch,  but  also  bj  s  rubbine  aratioo,  or  anritioD  ;  beeaiue  tk^ 
peripherj  bein;  not  conical,  bol  cjlindrieal,  by  iu  rollin;  upon  a  plane  forfkee,  msM  M 
BTery  instant  (urn  roand  with  rdclion  apon  their  resting  poinlt.  Strong  easMran  tMB 
are  bollei  upon  the  centre  of  the  ilooes,  which  bj  means  oT  screw  clunpa  wiiKe  Srmlr  Ihr 
horizontal  iron  shan*  thai  trarerae  and  drive  them,  hf  passing  into  a  slit-gniora  tke 
verticil  tumini  shad  This  groore  is  lined  with  strong  plates  of  alecl,  which  wearn^- 
idly  hy  the  frielion,  and  need  to  be  (Veqnently  renewed. 

The  teeJs  which  hare  been  burfl  between  the  rolls,  or  in  the  mortan  of  the  Dateh 
mill',  are  to  be  spread  as  equably  as  possible  by  a  sfaorel  npon  the  drenlar  path  tf  tha 
edze-itones,  and  in  about  half  an  honr  the  charge  wilt  be  snfficientlj  groand  into  a  pasR- 
Thi*  shonlJ  be  put  directly  into  the  press,  when  fine  cold-drawn  oil  is  wanted.  B«I  ia 
gener:il  the  paste  is  hentpd  before  being  subjected  to  the  prvssnre.  The  ptested  cake  li 
a^tii  Ihrovn  under  the  edge-stones,  aot!,  after  being  gronnd  the  second  time,  staooid  be 
ezpdied  to  a  heat  oT  2tZ°  Pahr.,  in  «  proper  pan,  called  a  tleun-ketlle,  befiire  being 
nbi'^tefl  to  the  second  and  Goal  pressure  in  the  woollen  bags  and  hair-clolbs. 
J^ig.  TTl,isaTerticalseetionoflhesleam-kelIleorH&lletle,  and/ig.773  ia  a  licwtT 
the  seed-stirrer.  a,  is  the  Wall  of  ma- 
sonry, apon  which,  and  the  iron  friBns 
b,  the  pan  is  supported.  It  is  enclosed 
in  a  jacket,  for  admitting  steam  into  the 
intermediate  tpaee  d,  d,  d,  at  its  sides 
and  botlon).  e,  is  the  middle  if  the 
pan  in  which  Ihe  shail  of  the  atimi  is 
idnnted  upright,  retting  by  its  Inww 
end  in  the  step  t ,-  /,  is  an  opening,  by 
which  the  contents  of  the  pan  may  be 
emptied;  g,  is  an  orifice  iato  irtkh 
the  month  t^  the  hair  or  vented  bag 
is  inserted,  in  order  to  receiTC  tbc 
heated  seed,  when  it  ii  turned  oot  ty 
the  rolalion  of  the  stirrer  and  the  with- 
drawnt  of  the  ptug/tVom  the  disduofc 
aperture  {  k,  is  the  steam  indoetitB 
pipe  j  and  1,  the  edoction  pipe,  wUdl 
serves  also  to  run  off  the  condcMrd 

j^-,  m  -^^  The  hydraulic  oil-press  is  geaeialy 

, til  HI  n  ^^>a^9>^         doable;  that  is,  it  has  two  venieal  IMS 

^SBi'    ..iS=T==*!s.  ^^^^     Pl"=«l  Parallel  to  each  other,  m  IW 

IBT     (S>^    *      ^  ^     „hile  one   side  is  onder  i^eaauie,  tk 

other  side  is  being  discharged.    The  bags  of  healed  seed-paste  or  meal  are  pnt  isR 

easl-iron  cases,  which  are  Hied  over  each  other  to  the  number  of  6  oi  * 

aiU,  and  subjected  to  a  forcToT  300  or  400  tons,  by  pum 

The  first  pump  has  usually  2  or  2|  inches  diameter  Tor  a 

pump  one  inch.    Each  side  of  the  press,  in  a  welt-goini 

ponnda  of  seed-Qonr  every  5  minutes.    Such  a  press  will  do  TO  qnaiters  <^  linseed  is 

the  days'  work  of  one  week,  with  the  labor  of  one  man  at  20«.  and  three  bayi  ■'  ^ 

each  i  and  will  require  a  12-harse  power  to  work  it  well,  along  with  the  roUa  »aA  tke 

edge-stones. 

1  am  indebted  to  my  excellent  friend  Mr.  E.  Wooisey,  for  the  following  moM  Taloable 
notes,  taken  by  him  at  sundry  mills  for  pressing  oil ;  and  remariis  upon  the  aalqeel  cf 
•eed-ernshing  in  general. 

"  The  chief  point  of  difference  depends  upon  the  quality  of  seed  employed.  Henr 
•eed  will  jield  most  oil,  and  seed  ripened  under  a  hot  san,  and  where  the  flax  it  Kt 
gathered  loo  green,  is  the  best.  The  weight  of  linseed  varies  from  48  to  H  Iha.  pW 
imperial  bushel ;  probably  a  *ery  fait  average  is  49  lbs.,  or  392  Iba.  per  JntpffU 
quarter.  I  inspected  one  of  the  seed-crusher*!  books,  and  Ihe  average  oT  15  tTiab  tt  a 
quarter  each  of  different  seeds  in  the  season  averaged  14}  galls.  oT  T|  lb*,  each;  My, 
103  lbs.  of  oil  per  qnartcr.  This  enuhei,  who  uses  only  the  hydraulic  preta,  andoM 
pressing,  infoimed  me  that — 

Archaaeel  seed  will  yield  from    . 

Best  Odessa 

Good  crnshing-Mcd    •        -        .        .        . 
Low  seed,  soch  ai  weight  48  Ibt.  per  boibd 
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**  The  ayerage  of  the  seed  he  has  worlced,  which  he  represents  to  be  of  an  inferior 
qualitT,  for  the  sake  of  its  cheapness,  yields  14|  frails,  per  quarter.  I  had  some  Ameri- 
can seed  which  weighed  52}  lbs.  per  imperial  bushel,  ground  and  pressed  under  my 
own  observation,  and  it  gave  me  111  lbs.  oil;  that  is  to  say,  418  lbs.  of  seed  gs^e  111 
IbSL  oil =26  JUL  per  cent.     A  friend  of  mine,  who  is  a  London  crusher,  told  me  the  oil 

▼aried  according  to  the  seed  from  14  to  17  galls. ;  and  when  yon  consider  the  relative 
▼alue  of  seeds,  and  remember  that  oil  and  cake  from  any  kind  of  seed  is  of  the  same  value, 
it  wHl  be  apparent  that  the  yield  is  very  different ;  for  example, 

oKtk  T  1     iQQ<:  (  ^'  India  linseed  worth  52j.  per  quarter. 

Z5tn  July.  1Mb,  1  peiersburg  Unseed        48    to  52         do. 
prices  of  seed.   ^Q^jgjjg^     ^  .        .        52        —         - 

The  difference  of  4s.  must  be  paid  for  in  the  quantity  of  oil,  which  at  38«.  6d,  per  cwt. 
(the  then  price)  requires  about  11|  lbs.  more  oil  expressed  to  pay  for  the  difference  in 
the  market  value  of  the  seed.  Another  London  crusher  informed  me  that  Kast  India 
linseed  will  produce  17  gallons,  and  he  seemed  to  think  that  that  was  the  extreme  quan- 
tity that  could  be  expr^sed  from  any  seed.  The  average  of  last  year's  Russian  seed 
would  be  about  14  galls. ;  Sicilian  seed  16  galls. 
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l^laee. 

Engine  Power. 

Hvdraolic 
Presses. 

Stampers. 

Rollers. 

Edge- 
stones. 

Kettles. 

Work  dime,— 

redaeedto 

an  hour. 

ber  of 
press- 
ings. 

Fkmnce 

10  hoiM  power 

1  hydma* 

5     light 

I  pair 

1  pr.  edge- 

5  table  kettles 

I  English 

9pree- 

lie,  900 
tons. 

stamp- 
ers. 

rolls. 

stones. 

small    size 
healed    by 
steam. 

quarter  per 

working 

hour. 

sings. 

Vm^H^ 

90  hotee  power 

1  hydimn- 

13     light 

1  pair 

2  pr.  edge- 

8  table  kettle* 

3  English 

9  ditto 

lie,  800 

stamp- 

xoUs. 

sUmes. 

small    tize 

qoarters  per 

torn. 

ers. 

heated    by 

working 

fire. 

hour. 

UmdoBL 

19  hone  power. 

none 

9     light 

9  pair 

3  pr.  edge- 

1  tHble  kettles 

i  English 

9  ditto 

bat  the  engine 

stamp- 

rolls, 

stones. 

small    size 

quRTter  per 

it  utetl  alec  for 

ers. 

nsed 

nsed  also 

heated    by 

working 

olher  work. 

also  for 
cither 
purposes 

for  other 
purpoees. 

fire. 

hoar. 

H«n 

18  hotM  en^ne, 

none 

8     very 

Ipair 

I  pr.  edge- 

3  doable  case 

\\  English 

I  ditto 

old   oonetmc- 

hearjr 

rolls. 

stones. 

large  size 

quarter  per 

tion. 

stamp- 
ers. 

steam 
kettles. 

woriung 
hoar. 

Ditto 

91  bone  engine 

none 

6     Tery 

9  pair 

9  pr.  edge- 

0  doable  case 

Not  known. 

1  ditto 

heavy 

rolls. 

stones. 

huge  size 

stamp- 

steam 

t 

ers. 

ketUes.         |                         1            1 

*  Rstpe-ned, — ^I  have  not  turned  my  attention  to  the  quantity  of  oil  extracted  from  thli^ 
;  but  a  t^rench  crusher  (M.  Geremboret),  on  whom  I  think  one  may  place  consider- 
aUe  dependance,  told  me  that  * 

3|  lb«.  of  best  Cambray  rape-seed  yielded      -  -  -        I  lb.  oil. 

3f  —        common  rape-seed  -  -  -  -        1  lb.  oil. 

4J  —  —     poppy-seed  -  -  -  -        1  lb.  oil. 

"  Rape-seed  weighs  from  52  to  56  lbs.  per  imperial  bushel." 
The  following  are  the  heads  of  a  reference  of  machinery  for  a  seed  oil-mill : — 

1.  Two  pairs  of  cast-iron  rollers,  19  inches  long,  and  10  inches  in  diameter,  fixed  in  it 
cut-iron  frame,  with  brasses,  wheels,  shafts,  bolts,  scrapers,  hoppers,  shoes,  &c. 

2.  Two  pairs  of  edge-stones,  7  feet  diameter  each,  with  two  bottom  stones,  6  feet 
diameter  each,  cast-iron  upright  shaAs,  sweepers,  wheels,  shafts,  chairs,  brasses,  bolts, 
•ad  serapers,  with  driving  spur-wheels,  &c. 

3.  Five  steam  kettles,  with  wheels,  shafts,  and  brasses,  bolts,  breeches,  and  steam 
pi]pe8,  an  upright  cast-iron  shaft,  with  chairs  and  brasses  at  each  end ;  and  a  large  bevel 
Wheel  upon  the  bottom  end  of  opright  shaft,  and  another,  smaller,  upon  fiy-wheel  sha(^ 
for  the  first  motions. 

4.  Five  stamper  presses,  with  press  plates  of  cast-iron,  cast-iron  stamper  shaft  with  10 
tfiUS  and  10  rollers,  with  bosses,  brasses,  bolts,  driving  bevel-wheels. 

A  well  made  oi].mill,^consi8ting  of  the  above  specified  parts,  will  manufacture  Ttfit 
qwurters  of  seed  per  weeK. 

I  have  been  assured  by  practical  engineers,  conversant  in  oil-mills,  that  a  double 
hydranlie  press,  with  2  ten-inch  rams,  will  do  the  work  of  no  more  than  two  of  thcf 
ttunper  presses;  that  ts  to  say,  it  will  work  22  quarters  in  24  hours;  while  thre^ 
stfloiper  presses  will  work  33  quarters  in  the  same  time,  and  produce  one  hatf  move  oE 
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Caetor  oil,  quantity  of, 


Year. 
1835. 
1836. 


Imported. 


CwiM. 
1,109,307 
981,586 


Retained  for  eanrampCion. 


CwtM. 

670,206 

809,559 


CtBis. 

61,296 
68,615 


lOOU.  JJOlyOOO  OUU.OU9  00,010 

Duty,  from  British  possessions,  2$.  6d.  per  cwt. ;  from  foreign,  U.  per  Ui. 

Cocoa-nut  oil,  quantity  of, 

■ 


Imported. 

Retained  forcoaanmption. 

Bzpoited. 

Year. 
1835. 
1836. 
1837. 

Cwte. 
19,838 
26,068 
41,218 

Cwti. 
14,016 
26,062 
28,836 

CwU. 
2,238 
3,158 

Olive  oil,  quantity  of, 


Imported. 

Retained  for  coneumptiun. 

Exported. 

Year. 
1835. 
1836. 
1837. 

Galls. 

606,166 
2,682,016 
1,720,397 

GaUs. 

554,196 
1,844,622 
1,499,122 

Gam. 
283,734 
160,561 

Duties  on  olive  oil,  not  of  Naples  and  Sicily,  4d, ;  of  Naples  and  Sicily,  8d. ;  and  if 

ships  of  these  countries,  lOd.  per  gallon.  • 

Tratn  oil,  spermaceti,  and  blubber,  quantity  of, 


Imported. 

Retained  for  eoneumption. 

Expoited. 

Year. 
1835. 
1836. 
1837. 

,       Tuns. 
24,197 
19,489 
21,823 

Tuns. 
16,114 
18,722 
21,286 

Tmnt. 
8,036 
1,366 

Duties  on  oil  taken  by  British  ships.  Is. ;  by  foreign  fishers,  £26  I8t.  per  tun. 

OILS,  VOLATILE  OR  ESSENTIAL;  Manufacture  of  The  volatile  oils  occur  ii 
every  part  of  odoriferous  plants,  whose  aroma  they  diffuse  by  their  exhalation;  bvtii 
different  organs  of  different  species.  Certain  plants,  such  as  thyme  and  the  seentri 
labiata,  in  general  contain  volatile  oil  in  all  their  parts ;  but  others  contain  ft  only  in  tke 
blossoms,  the  seeds,  the  leav#s,  the  root,  or  the  bark.  It  sometimes  happens  that  dilleii* 
ent  parts  of  the  same  plant  contain  different  oils ;  the  orange,  for  example,  ftimidiei 
three  different  oils,  one  of  which  resides  in  the  flowers,  another  in  the  leaves,  an4  a  third 
in  the  skin  or  epidermis  of  the  fruit.  The  quantity  of  oil  varies  not  only  with  the  tf^ 
des,  but  also  in  the  same  plant,  with  the  soil,  and  especially  the  climate ;  thus  in  kol 
countries  it  is  generated  most  profusely.  In  several  plants,  the  volatile  oil  is  eontained 
in  peculiar  orders  of  vessels,  which  confine  it  so  closely  that  it  does  not  escape  in  the 
drying,  nor  is  dissipated  by  keeping  the  plants  for  many  years.  In  other  species,  ani 
pairticularly  in  flowers,  it  is  formal  continually  upon  their  surface,  and  flies  off  at  the 
moment  of  its  formation. 

Volatile  oils  are  usually  obtained  by  distillation.  For  this  purpose  the  plant  is  mttth 
dnced  into  a  still,  water  is  poured  upon  it,  and  heat  being  applied,  the  oil  is  volatflixed  hf 
the  aid  of  the  watery  vapor,  at  the  temperature  of  212°,  though  when  alone  it  wovlt 
probably  not  distil  over  unless  the  heat  were  100°  more.  This  curious  fact  was  flnl 
explained  in  my  New  Researches  upon  Heat,  published  in  the  Philosophical  T^nsaelJoni 
for  1818.  Most  of  the  essential  oils  employed  in  medicine  and  perfumery  are  extraelrf 
by  distillation  from  dried  plants;  only  a  few,  such  as  those  of  the  rose  and  oraifB 
flower,  are  obtained  from  fresh  or  succulent  salted  plants.  When  the  mingled  t^ 
pofs  of  the  oil  and  water  are  condensed  into  the  liquid  state,  bf  the  refrigerator  of  tkt 
still,  the  oil  separates,  and  either  floats  on  the  surface  or  sinks  to  the  bottom  of  the 
water.  Some  oils  of  a  less  volatile  nature  require  a  higher  heat  than  212°  to  raise  than 
in  vapor,  and  must  be  dislodged  by  adding  common  salt  to  the  water,  whereby  tht 
heat  being  augmented  by  15°,  they  readily  come  over.    If  in  such  distillations  too  moeh 
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Mter  be  added,  no  oil  will  be  obtained,  because  it  is  partially  soluble  m  water;  and  thus* 
■erdj  an  aromatic  water  is  produced.  If  on  the  other  hand  too  little  water  be  used,  the 
plut  may  happen  to  adhere  to  the  bottom  of  the  still,  get  partially  charred,  and  thus  im- 
^  an  empyrcumatic  odor  to  the  product.  But  as  the  quality  of  water  distilled  depends 
Iwipon  the  quantity  employed,  than  upon  that  of  the  surface  exposed  to  the  heat,^is 
ibfions  that  by  giving  a  suitable  form  to  the  still,  we  may  get  rid  of  every  inconvenience. 
Seiee  the  narrower  and  taller  the  alembic  is,  within  certain  limits,  the  greater  will  be 
Ik  proportion  of  oil  relative  to  that  of  the  aromatic  water,  from  like  proportions  of  aque- 
Ni  tad  vegetable  matter  employed.  Some  place  the  plants  in  baskets,  and  suspend  these' 
■■ediately  over  the  bottom  of  the  still  under  the  water,  or  above  its  surface  in  the  steam, 
ht  the  best  mode  in  my  opinion  is  to  stuff  an  upright  cylinder  full  of  the  plants,  and  to 
Iriie  down  through  them,  steam  of  any  desired  force ;  its  tension  and  temperature  being 
finther  regulated  by  the  size  of  the  outlet  orifice  leading  to  the  condenser.  The  cylinder 
AmU  be  made  of  strong  copper  tinned  inside,  and  incased  in  the  worst  conducting  species 
tf  wood,  such  as  soil  deal  or  sycamore. 

The  distillation  is  to  be  continued  as  long  as  the  water  comes  over  of  a  milky  appear* 
nee.  Certain  plants  yield  so  little  oil  by  the  ordinary  processes,  notwithstanding  every 
9tt,  that  nothing  but  a  distilled  water  is  obtained.  In  this  case,  the  same  water  must 
be  poured  upon  a  fresh  quantity  of  the  plants  in  the  still ;  which  being  drawn  over,  is 
ifUB  to  be  poured  upon  fresh  plants ;  and  thus  repeatedly,  till  a  certain  dose  of  oil  be 
Rpirttfd.    This  being  taken  off,  the  saturated  water  is  reserved  for  a  like  distillation. 

The  refKgeratory. vessel  is  usually  a  worm  or  serpentine  plunged  in  a  tub  of  water, 
•Wie  temperature  should  be  generally  cold ;  but  for  distilling  the  oils  of  anise-seed, 
bad,  Lc.y  which  become  concrete  at  low  temperatures,  the  water  should  not  be  cooler 
lhn45^F. 

The  liquid  product  is  commonly  made  to  run  at  the  worm  end,  into  a  vessel  called  an 
Niu  or  Florentine  receiver,  which  is  a  conical  matrass,  standing  on  its  base,  with 
I  pipe  rising  out  of  the  side  close  to  the  bottom,  and  recurved  a  little  above  the  middle 
if  the  flask  like  the  spout  of  a  coffee-pot.  The  water  and  the  oil  collected  in  this 
rcnel  soon  separate  from  each  other,  according  to  their  respective  specific  gravities ;  the 
■e  floating  above  the  other.  If  the  water  be  the  denser,  it  occupies  the  under  portion 
if  tke  vessel,  and  continually  overflows  by  the  spout  in  communication  with  the  bottom, 
vkile  the  lighter  oil  is  led.  When  the  oU  is  the  heavier  of  the  two,  the  receiver  should 
ke  i  large  inverted  cone,  with  a  stopcock  at  its  apex  to  run  off  the  oil  from  the  water 
rtea  the  separation  has  been  completed  by  repose.  A  funnel,  having  a  glass  stopcock 
Miehed  to  its  narrow  stem,  is  the  most  convenient  apparatus  for  freeing  the  oil  finally 
Iha  say  adhering  particles  of  water.  A  cotton  wick  dipped  in  the  oil  may  also  serve 
Ihenine  purpose  by  its  capillary  action.  The  less  the  oil  is  transvased  the  better,  as  a 
Wioa  of  it  is  lost  at  every  transfer.  It  may  occasionally  be  useAil  to  cool  the  distilled 
■Mv  by  surrounding  it  with  ice,  because  it  thus  parts  with  more  of  the  oil  with  which  it 
biipregnated. 

There  are  a  few  essential  oils  which  may  be  obtained  by  expression,  from  the  sub- 
test which  contain  them ;  such  as  the  oils  of  lemons  and  bergamot,  found  in  the 
IvSde  of  the  ripe  fruits  of  the  citrus  auruTitiwn  and  mtdica ;  or  the  orange  and  the 
The  oil  comes  out  in  this  case  with  the  juice  of  the  peel,  and  collects  upon  its 


Fbr  eollecting  the  oils  of  odoriferous  flowers  which  have  no  peculiar  organs  for  impri- 
■lilf  them,  and  therefore  speedily  let  them  exhale,  such  as  violets,  jasmine,  tuberose, 
nl  hyacinth,  another  process  must  be  resorted  to.  Alternate  layers  are  formed  of  the 
^nk  flowers,  and  thin  cotton  fleece  or  woollen  cloth-waddini?,  previously  soaked  in  a  pure 
nl  itodoroas  fat  oil.  Whenever  the  flowers  have  i^iven  out  all  their  volatile  oil  to  the 
bed  oil  upon  the  fibrous  matter,  they  are  replacetl  by  fresh  flowers  in  succession,  till  the 
te  oil  has  become  saturated  with  the  odorous  particles.  The  cotton  or  wot  1  wadding  be- 
■ff  lext  submitted  to  distillation  along  with  wnter,  gives  up  the  volatile  oil.  Perfumers 
daaeoae  these  oils;  they  employ  them  either  mixed  as  al)ove,  or  dissolve  them  out  by 
■etas  of  alcohol.  In  order  to  extract  the  oils  of  certain  flowers,  as  for  instance  of  white 
tto^  infusion  in  a  fat  oil  is  sufficient. 

niential  oils  differ  much  from  each  other  in  their  physical  properties.  Most  of  them 
■V  ydlow,  others  are  colorless,  red,  or  brown  ;  some  arain  arc  green,  and  a  few  are  blue. 
IWy  have  a  powerful  smell,  more  or  less  agreeable,  which  immediately  afler  their 
wbtion  is  occasionally  a  little  rank,  but  becomes  less  so  by  keeping.  The  odor  is 
■Hon as  pleasant  as  that  of  the  recent  plant.  Their  taste  is  acrid,  irritating,  and  heating, 
*  Merely  aromatic  when  they  are  largely  diluted  with  water  or  other  substances.  Thef 
m  aot  greasy  to  the  touch,  like  the  fat  oils,  but  on  the  contrary  make  the  skin  feel 
*^  They  are  almost  all  lighter  than  water,  only  a  very  few  falling  to  the  bottom  of 
Ml  Bqvid;  their  speciflc  gravity  lies  between  0-847  and  1*096;  the  first  number 
hwiig  the  dottity  of  oU  of  eitron^  and  the  second  that  of  oil  of  lasiaflrai.    Althofk 
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ttykd  volatile  oils,  the  teosion  of  their  vapor,  as  well  as  its  specific  heat,  is  jnudi '. 
than  that  of  water.  The  boiling  point  differs  in  different  kinds,  but  it  is  usually 
316°  or  320°  Fabr.  Their  vapors  sometimes  render  reddened  litmus  paper  Une,  ilfhnai^ 
they  contain  no  ammonia.  When  distilled  by  themselves,  the  volatile  oils  are  partially 
dec^posed ;  and  the  gaseous  products  of  the  portion  decomposed  always  carry  off  a  Uuli 
of  the  oil.  When  they  are  mixed  with  clay  or  sand,  and  exposed  to  a  distilling  hcatyth^ 
are  in  a  great  measure  decomposed  $  or  when  they  are  passed  in  vapor  through  a  ndhoC 
tube,  combustible  gases  are  obtained,  and  a  brilliant  porons  charcoal  is  depofiited  ia  the 
tube.  On  the  other  hand,  they  distil  readily  with  water,  because  the  aqueous  vapor 
ibrmed  at  the  surface  of  the  boiling  fluid  carries  along  with  it  the  vapor  of  the  oil  praA^ 
ced  in  virtue  of  the  tension  which  it  possesses  at  the  2 1 2th  degree  Fahr.  In  the  opes 
air,  the  volatile  oils  burn  with  a  shining  flame,  which  depositcs  a  great  deal  of  soot.  Tht 
congealing  point  of  the  essential  oils  varies  greatly ;  some  do  not  solidify  till  cooled  bekv 
32°,  others  nt  this  point,  and  some  are  concrete  at  the  ordinary  temperature  of  the  atflM» 
phere.  They  comport  themselves  in  this  respect  like  the  fat  oils;  and  they  prcbaUy  eo»> 
sist,  like  them,  of  two  different  oils,  a  solid  and  a  fluid ;  to  which  the  names  MUmripUm 
and  eUopicney  or  stearessence  and  oleiessence,  may  be  given.  These  may  be  separaM 
from  each  other  by  compressing  the  cooled  concrete  oil  between  the  folds  of  porous  paper; 
the  stearessence  remains  as  a  solid  upon  the  paper ;  the  oleiessence  penetrates  the  papo^ 
and  may  be  recovered  by  distilling  it  along  with  water. 

When  exposed  to  the  air,  the  volatile  oils  change  their  color,  become  daiker,  sad 
gradually  absorb  oxygen.  This  absorption  commences  whenever  they  are  extractad 
from  the  plant  containing  them ;  it  i^  at  first  considerable,  and  diminishes  in  rapidity  at 
it  goes  on.  Light  contributes  powerfully  to  this  action,  during  which  the  oil  disenngci 
a  little  carbonic  acid,  but  much  l«>ss  than  the  oxygen  absorbed ;  no  water  is  formed. 
The  oil  turns  gradually  thicker,  loses  its  smell,  and  is  transformed  into  a  resia,  wludi 
becomes  eventually  hard.  De  baussure  found  that  oil  of  lavender,  recently  distilled, 
had  absorbed  in  four  winter  months,  and  at  a  temperature  below  54°  F.,  52  times  its 
volume  of  oxygen,  and  had  disengaged  twice  its  volume  of  carbonic  acid  gases ;  nor  was 
it  yet  completely  saturated  with  oxygen.  The  stearessence  of  anise-seed  oil  absothsdat 
its  liquefying  temperature,  in  the  space  of  two  years,  156  times  its  volume  cf  oxygen  pa, 
and  disengaged  26  times  its  volume  of  carbonic  acid  gas.  An  oil  which  has  begva  to 
experience  such  an  oxydizeroent  is  composed  of  a  resin  dissolved  in  the  unaltered  oil;  wad 
the  oil  may  be  separated  by  distilling  the  solution  along  with  water.  To  preserve  oik  ii 
an  unchanged  state,  they  must  be  put  in  vials,  filled  to  the  top,  closed  with  ground  glni 
stopples,  and  placed  in  the  dark. 

Volatile  oils  are  little  soluble  in  water,  yet  enough  so  as  to  impart  to  it  by  agitaticB 
their  characteristic  smell  and  taste.  The  water  which  distils  with  any  oil  is  in  geDcnl 
a  saturated  solution  of  it,  and  as  such  is  used  in  medicine  under  the  name  cf  distilled 
water.  It  oAcn  contains  other  volatile  substances  contained  in  the  plants,  and  hence  ii 
apt  to  putrefy  and  acquire  a  nauseous  smell  when  kept  in  perfectly  corked  bottles;  bat  is 
vessels  partially  open,  these  parts  exhale,  and  the  water  remains  sweet.  The  waten, 
however,  which  are  mode  by  agitating  volatile  oil  with  simple  distilled  water,  are  iiota|C 
to  spoil  by  keeping  in  well-corked  bottles. 

The  volatile  oils  are  soluble  in  alcohol,  and  the  more  so  the  stronger  the  spirit  ii. 
Some  volatile  oils,  devoid  of  oxygen,  such  as  the  oils  of  turpentine  and  citron,  are  voy 
sparingly  soluble  in  dUute  alcohol ;  while  the  oils  of  lavender,  pepper,  &c.  are  considat- 
bly  so.  De  Saussure  has  inferred  from  his  experiments  that  the  volatile  oils  are  the  dor 
soluble  in  alcohol,  the  more  oxygen  they  contain.  Such  combinations  form  the  odoriftr- 
ous  spirits  which  the  perfumers  incorrectly  call  waters,  as  lavender  water,  eau  dt  CohgMf 
€au  de  jasmin,  &c.  They  become  turbid  by  admixture  of  water,  which  seizes  the  aloohd, 
and  separates  the  volatile  oils.    Ether  also  dissolves  all  the  essential  oils. 

These  oils  combine  with  several  vegetable  acids,  such  as  the  acetic,  the  oxalic,  the 
succinic,  the  fat  acids  (stearic,  maif^aric,  oleic),  the  cami-horic,  and  suberic. 

With  the  exception  of  the  oil  of  cloves,  the  volatile  oils  do  not  combine  with  the 
salifiable  bases.  They  have  been  partially  combined  with  caustic  alkali,  as  in  the  rase 
of  Starkey's  soap.  This  is  prepared  by  triturating  recently  fused  caustic  soda  in  a 
mortar,  with  a  little  oil  of  turpentine,  added  drop  by  drop,  till  the  mixture  has  acquired 
the  consistence  of  soap.  The  compound  is  to  be  dissolved  in  spirits  of  wine,  filtered,  sod 
distilled.  What  remains  after  the  spirit  is  drawn  off,  consists  of  soda  combined  with  a 
resin  formed  in  the  oil  during  the  act  of  trituration. 

The  volatile  oils  in  general  absorb  six  or  eight  times  their  bulk  of  ammoniacal  §■•{ 
but  that  of  lavender  absorbs  47  times. 

The  essential  oils  dissolve  all  the  fat  oils,  the  resins,  and  the  animal  fats. 

In  commerce  these  oils  are  of\en  adulterated  with  fat  oils,  resins,  or  balsam  of  CKj^m 
dissolved  in  volatile  oil.  This  fraud  may  be  delected  by  putting  a  drop  of  the  oil  on  papor^ 
•nd  exposing  it  to  heat.    A  pure  essential  oil  evaporates  without  leaving  any  rcsidiuu% 
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wliilst  an  oil  mixed  with  any  of  the  above  snbstances  leaves  a  translucent  stain  upon  the 
paper.  If  fat  oil  be  present,  it  will  remain  undissolved,  on  mixini^  the  adulterated  essen- 
tial oil  with  thrice  its  volume  of  spirit  of  wine  of  specific  gravity  0*840.  Resinous  matter 
mixed  with  volatile  oil  is  easily  detected,  being  left  in  the  alembic  after  distillation.  Oil 
dilated  with  spirit  of  wine,  forms  a  milky  emulsion  on  the  addition  of  water ;  the  alcoholic 
part  is  absorbed  by  the  water,  and  the  oil  afterwards  found  on  the  surface,  in  a  graduated 
glass  tube,  will  show  by  its  quantity  the  amount  of  the  adulteration. 

But  it  is  more  difficult  to  detect  the  presence  of  a  cheap  essential  oil  in  a  dear  one. 
which  it  resembles.  Here  the  taste  and  smell  are  our  principal  guides.  A  few  drops  of 
the  suspected  oil  are  to  be  poured  upon  a  bit  of  cloth,  which  is  to  be  shaken  in  the  air, 
sad  smellei  to  from  time  to  time.  In  this  way  we  may  succeed  in  distinguishing  the  odor 
of  the  oil  which  exhales  at  the  bei^inning,  and  that  which  exhales  at  the  end ;  a  method 
which  serves  perfectly  to  detect  oil  of  turpentine  in  the  finer  essential  oils.  Moreover, 
when  the  debased  oil  is  mixed  with  spirits  of  wine  at  sp.  gr.  0*840,  the  oil  of  turpentine 
remains  in  a  great  measure  undissolved.  If  an  oil  heavier  than  water,  and  an  oil  lighter 
than  water,  be  mixed,  they  may  be  separated  by  agitation  for  some  time  with  that  liquid, 
and  then  leaving  the  mixture  at  rest.  Essential  oils  may  also  be  distinguished  by  a  care- 
ful examination  of  their  respective  densities. 

Oil  of  bitter  almonds  is  prepared  by  exposing  the  bitter  almond  cake,  from  which  the 
bland  oil  has  been  expressed,  in  a  sieve  to  the  vapor  of  water  rising  within  the  still.  The 
fteam,  as  it  passes  up  through  the  bruised  almond  parenchyma,  carries  off  its  volatile  oil, 
•nd  condenses  along  with  it  in  the  worm.  The  oil  which  first  comes  over,  and  which 
falls  to  the  bottom  of  the  water,  has  so  pungent  and  penetrating  a  smell,  that  it  is  more 
like  cyanos:en  gas  than  hydrocyanic  or  prussic  acid.  This  oil  has  a  golden  yellow  color, 
it  is  heavier  than  water ;  when  much  diluted,  it  has  an  agreeable  smell,  and  a  bitter 
Imming  taste.  When  exposed  to  the  air,  it  absorbs  oxygen,  and  lets  fall  a  heap  of  crys- 
tals of  benzoic  acid.  This  oil  consists  of  a  mixture  of  two  oils ;  one  of  which  is  volatile^ 
contains  hydrocyanic  acid,  and  is  poisonous ;  the  other  is  less  volatile,  is  not  poisonous, 
absorbs  oxygen,  and  becomes  benzoic  acid.  If  we  dissolve  100  parts  of  the  oil  of  bitter 
almonds  in  spirit  of  wine,  mix  with  the  solution  an  alcoholic  solution  of  potash,  and  then 
precipitate  the  oil  with  water,  we  shall  obtain  a  quantity  of  cyanide  of  potash,  capable  of 
producing  22|  parts  of  Prussian  blue.  Oil  of  bitter  almonds  combines  with  the  alkalis. 
Perfumers  employ  a  great  quantity  of  this  oil  in  scenting  their  soaps.  One  manufacturer 
in  Paris  is  said  to  prepare  annually  3  cwts.  of  this  oil.  A  similar  poisonous  oil  is  obtained 
by  distilling  the  following  substances  with  water : — the  leaves  of  the  peach  (amyf^daltu 
periica)y  the  leaves  of  the  bay-laurel  ( prunun  lauro-cerasus),  the  bark  of  the  plum-tree 
(^prunm$  pridut),  and  the  bruised  kernels  of  cherry  and  plumstones.  All  these  oils  con- 
tain hydrocyanic  acid,  which  renders  them  poisonous,  and  they  also  generate  benzoic  acid, 
by  absorbing  oxygen  on  exposure  to  air. 

OU  of  anise-seed  is  extracted  by  distillation  from  the  seeds  of  the  pimpindla  anisum.  It 
is  either  colorless,  or  has  merely  a  faint  yellow  color,  with  the  smell  and  taste  of  the  seed. 
It  concretes  in  lamellar  cr>'stals  at  the  temperature  of  50^,  and  does  not  melt  again  till 
heated  to  64**  nearly.  Us  specific  gravity  at  61°  is  0-9958,  and  at  IT,  0*9857.  It  is  sol- 
uble in  all  proportions  in  alcohol  of  0*808 ;  but  only  to  the  extent  of  42  per  cent,  in  alco- 
hol of  0*84.  When  it  becomes  resinous  by  long  exposure  to  the  air,  it  loses  its  congeal- 
ing property,  ft  consists  of  two  oils ;  a  solid  stearessence,  and  a  liquid  oleiessence,  which 
may  be  separated  by  compression  of  the  cold  concrete  oil. 

Oil  of  bergamoi  is  extracted  by  pressure  from  the  rind  of  the  ripe  fruit  of  the  citrut 
bergamium  and  aurantium.  It  is  a  limpid,  yellowish  fluid,  having  a  smell  resembling  that 
of  oranges.  Its  specific  gravity  varies  from  0*888  to  0*885.  It  becomes  concrete  when 
cooled  a  little  below  32°. 

OU  of  cajeput  is  prepared  in  the  Moluccas,  by  distilling  the  dry  leaves  of  the  melaleuca 
Uucadendron,  Cajeput  is  a  native  word,  signifying  merely  a  white  tree.  This  oil  is 
green ;  it  has  a  burning  taste,  a  slron?  smell  of  camphor,  turpentine,  and  savine.  It  is 
very  fluid,  and  at  48°  has  a  specific  gravity  of  0*948.  The  color  seems  to  be  derived  from 
the  copper  vessels  in  which  it  is  imported,  so  that  it  is  removed  by  distillation  with  water, 
which  also  separates  the  oil  into  two  sorts ;  the  first  which  comes  over  having  a  density 
of  0-837,  the  last  of  0*920.     This  has  a  green  color. 

The  oil  of  caraway  is  extracted  from  the  seerls  of  the  carum  carui.  It  has  a  pale  yellow 
color,  and  the  smell  and  taste  of  the  plant.  Its  specific  gravity  is  0*960.  The  seeds  of 
the  cuminum  cyminnm  (cumin)  afford  an  oil  similar  to  the  preceding,  but  not  so  agreeable. 
Its  specific  gravity  is  0*975. 

The  oil  of  cassia^  from  the  laurus  cftssioy  is  yellow  passing  into  brown,  has  a  specific 
gravity  of  1*071,  and  afibrds  a  crystalline  stearessence  by  keeping  in  a  somewhat  open 
▼essel. 

The  oil  of  chamomile  is  extracted  by  distillation  from  the  flowers  of  the  matricaria 
thamomiUa.    It  has  a  deep  blue  color,  is  almost  opaque,  and  thick ;  and  possesses  the 
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peculiar  smell  of  the  plant.    In  the  atmosphere  it  becomes  brown  and  nnctnoiiB.    IT 
ounce  of  oil  of  lemons  be  added  to  3  pounds  of  this  oil,  they  make  it  separate 
readily  from  the  adhering  water. 

Other  blue  oils,  having  much  analogy  with  oil  of  chamomile,  are  obtained  by  HkiiHii 
the  ^llowinsr  plants  :  Roman  chamomile  {anthemU  no6i7ts),  the  flowers  of  arnica 
and  those  of  milfoil  {achUlaa  milUfolia).    The  last  has  a  spec.  grav.  of  0-852. 

Oil  of  cinnamon  is  extracted  by  distillation  from  the  bark  of  the  launu  ctmai 
It  is  produced  chiefly  in  Ceylon,  from  the  pieces  of  bark  unfit  for  exportation.  It  ■ 
distilled  over  with  difficulty,  and  the  process  is  promoted  by  the  addition  of  salt  water, 
and  the  use  of  a  low  still.  It  has  at  first  a  pale  yellow  color,  but  it  becomes  browi 
with  ase.  It  possesses  in  a  high  degree  both  the  sweet  burning  taste,  and  the  agreeskk 
smell  of  cinnamon.  It  is  heavier  than  water ;  its  specific  gravity  being  1*035.  It  eot- 
cretes  below  32°  F.,  and  does  not  fuse  a^ain  till  heated  to  4  P.  It  is  very  sparis^ 
soluble  in  water,  and  when  agitated  with  it  readily  separates  by  repose.  It  dissoliti 
abundantly  in  alcohol,  and  combines  with  ammonia  into  a  viscid  mass,  not  decomposri 
on  exposure  to  air. 

When  oil  of  cinnamon  is  kept  for  a  long  time,  it  deposites  a  stearessence  in  large 
regular  colorless  or  yiellow  crystals,  which  may  be  pulverized,  and  which  melt  at  a  very 
gentle  heat  into  a  colorless  liquid,  which  crystallizes  on  cooling.  It  has  an  odor  inter- 
mediate between  that  of  cinnamon  and  vanilla ;  and  a  taste  at  first  greasy,  but  after* 
wards  burnins:  and  aromatic.  It  crackles  between  the  teeth.  It  requires  a  high  temper- 
ature for  distillation,  and  becomes  then  brown  and  cmpyreumatic.  It  is  very  sduUe  ii 
alcohol. 

The  oil  of  cloves  is  extracted  from  the  dried  flower  buds  of  the  earyophtfUtu  aromat 
tcus.  It  is  colorless,  or  yellowish,  has  a  strong  smell  of  the  cloves,  and  a  bumisg 
taste.  Its  specific  gravity  is  1*061.  It  is  one  of  the  least  volatile  oils,  and  the  moit 
difficult  to  distil.  At  the  end  of  a  certain  time  it  deposites  a  cr>'stalline  concrete  ofl.  A 
similar  stearessence  is  obtained  by  boiling  the  bruised  cloves  in  alcohol,  and  letting  the 
solution  cool.  The  crystals  thus  formed  are  brilliant,  white,  grouped  in  globules,  with* 
out  taste  and  smell.  Oil  of  cloves  has  remarkable  chemical  pro|)erties.  It  dissolves  is 
alcohol,  ether,  and  acetic  acid.  It  does  not  solidify  at  a  temperature  of  4^  under  0^  F., 
even  when  exposed  to  that  cold  for  several  hours.  It  absorbs  chlorine  gas,  beeoBMi 
green,  then  brown,  and  turns  resinous.  Nitric  acid  makes  it  red,  and  if  heated  upon  il^ 
converts  it  into  oxalic  acid.  If  mixed  by  slow  degrees  with  one  thinl  of  its  weight  sf 
sulphuric  acid,  an  acid  liquor  is  formed,  at  whose  bottom  a  resin  of  a  fine  purple  color  ii 
found.  AAer  bein?  washed,  this  resin  becomes  hard  and  brittle.  Alcohol  dissolves  it, 
and  takes  a  red  color ;  and  water  precipitates  it  of  a  blood  red  hue.  It  dissolves  also  is 
ether.  When  we  agitate  a  mixture  of  strong  caustic  soda  ley  and  oil  of  cloves  in  eqoal 
parts,  the  mass  thickens  very  soon,  and  forms  delicate  lamellar  crystals.  If  we  then  poor 
water  upon  it,  and  distil,  there  passes  along  with  the  water,  a  small  quantity  of  an  ofl 
which  diflers  from  oil  of  cloves  both  in  taste  and  chemical  properties.  During  the  eool- 
ing,  the  liquor  led  in  the  retort  lets  fall  a  quantity  of  crjstalline  needles,  which  beisg 
separated  by  expression  from  the  alkaline  liquid,  are  almost  inodorous,  but  possess  an 
alkaline  taste,  joined  to  the  burning  taste  of  the  oil.  These  crystals  require  for  sololioo 
from  10  to  12  parts  of  cold  water.  Potash  ley  produces  similar  eflects.  Ammoniacal 
gas  transmitted  through  the  oil  is  absorbed  and  makes  it  thick.  The  concrete  combios- 
{ion  thus  formed  remains  solid  as  long  as  the  vial  containing  it  is  corked,  but  when  opei- 
ed,  the  compound  becomes  liquid ;  and  these  phenomena  may  be  reproduced  as  many  timei 
as  we  please.  Such  combinations  are  decomi)osed  by  acids,  and  the  oil  set  nt  liberty  bai 
the  same  taste  and  smell  as  at  first,  but  it  has  a  deep  red  color.  The  alkalis  enable  M 
to  detect  the  presence  of  other  oils,  as  that  of  turpentine  or  sassafras,  in  that  of  cloves, 
because  they  fix  the  latter,  while  the  former  may  be  volatilized  with  water  by  distilling 
the  mixture.  The  oil  of  cloves  found  in  commerce  is  not  pure,  but  contains  a  mixture  of 
the  tincture  of  pinks  or  clove-gillyfiowers,  whose  acrid  resin  is  thereby  introduced,  ft 
is  sometimes  sophisticated  with  other  oils. 

The  oil  of  elder  is  extracted  by  ilistillalion  from  the  flowers  of  the  sambucut  nigrs,  U 
has  the  consistence  of  butter.    The  watery  solution  is  used  in  medicine. 

Oil  of  fennel  is  extracted  by  distillation  from  the  seeds  of  the  anethumfaniculum.  It  is 
either  colorless  or  of  a  yellow  tint,  has  the  smell  of  the  plant,  and  a  specific  gravity  of 
0*997.  When  treated  with  nitric  acid,  it  affords  benzoin.  It  congeals  at  the  tempera- 
ture of  14°  F.,  and  then  yields  by  pressure  a  solid  and  a  liquid  oil ;  the  former  appearing 
in  crystalline  plates.     It  is  used  in  this  country  for  scenting  soap. 

Oils  of  fermented  liquors.  The  substances  usually  fermented  contain  a  small  quantity 
of  essential  oils,  which  become  volatile  along  with  the  alcoholic  vapors  in  distillatioa» 
and  progressively  increase  as  the  spirits  become  weaker  towards  the  end  of  the  proecii. 
The  vapors  then  condense  into  a  milky  liquor.  These  oils  adhere  strongly  to  the 
alcohol,  and  give  it  a  peculiar  acrid  taste.    They  differ  according  to  the  vinons 


OILS,  VOLATILE  OR  ESSENTIAL.  913 

Irom  which  they  are  obtained,  and  combine  with  greater  or  leas  facility  with  caostte 
alkalis. 

1.  Oil  of  grain  apirits.  At  the  ordinary  temperature  it  is  partially  a  white  solid; 
when  cooled  lower  it  assumes  the  aspect  of  suet,  and  therefore  consists  chiefly  of  stear- 
«Mcnce.  Its  taste  and  smell  are  most  offensive ;  it  swims  upon  the  surface  of  water, 
and  even  of  spirit  containing  30  per  cent,  of  aicohol.  It  sometimes  derives  a  green 
color  iVom  the  copper  worm  of  the  still.  When  heated  it  fuses  and  turns  yellow. 
When  it  has  become  resinous  by  the  agency  of  the  atmosphere,  it  gives  a  greasy  stain  to 
paper.  It  dissolves  in  6  parts  of  anhydrous  alcohol,  and  in  two  of  ether ;  and  is  said  to 
crystallize  when  the  spirit  solution  has  been  saturated  with  it  hot,  and  is  allowed  to 
cooL  By  exposure  to  a  freezing  mixture,  the  whiskey  which  contains  it  lets  it  faU. 
Caustic  potash  dissolves  it  very  slowly,  and  forms  a  soap  soluble  in  60  parts  of  water. 
It  is  absorbed  by  wood  charcoal,  and  still  better  by  bone  black ;  whereby  it  may  be  com- 
I^etely  abstracted  from  bad  whiskey.  According  to  Buchner,  another  oil  may  also  be  ob- 
tained from  the  residuum  of  the  second  distillation  of  whiskey,  if  saturated  with  sea  salty 
and  again  distilled.  Thus  we  obtain  a  pale  yellow  fluid  oil,  which  does  not  concrete  with 
cold,  possessed  of  a  disagreeable  smell  and  acrid  taste.  Its  specific  gravity  is  0*835.  It 
is  soluble  in  alcohol  and  ether. 

2.  The  oil  from  potato  spirits  has  properties  quite  different  from  the  precedinjf.  It 
is  obtained  in  considerable  quantity  by  continuing  the  distillation  after  most  of  the  al- 
cohol has  come  over,  and  it  appears  in  the  form  of  a  yellowish  oil,  mixed  with  water 
and  spirits.  AAer  being  agitated  first  with  water,  then  with  a  strong  solution, of  mu- 
riate of  lime,  and  distilled  afVesh,  it  possesses  the  following  properties ;  it  is  colorless, 
limpid,  has  a  peculiar  smell,  and  a  bitter  hot  taste  of  considerable  permanence.  It 
leaves  no  greasy  stain  upon  paper,  remains  liquid  at  0^  F.,  but  cooled  below  that  point 
it  crystallizes  like  oil  of  anise-seed.  When  pure  it  boils  at  257°  F. ;  but  at  a  lower 
degree,  if  it  contains  alcohol.  Its  specific  gravity  is  0*821,  or  0*823  when  it  contains  a 
Kttle  water.  It  burns  with  a  clear  flame  without  smoke,  but  it  easily  goes  out,  if  not 
burned  with  a  wick.  It  dissolves  in  small  quantity  in  water,  to  which  it  imparts  its 
taste  and  the  properties  of  forming  a  lather  by  agitation.  It  dissolves  in  all  proportions 
in  alcohol.  Chlorine  renders  it  green.  Concentrated  sulphuric  acid  converts  it  into  a 
crimson  solution,  from  which  it  is  precipitated  yellow  by  water.  It  dissolves  in  all  pro- 
portions in  acetic  acid.  Concentrated  caustic  leys  dissolve  it,  but  give  it  up  to  water.  It 
does  not  appear  to  be  poisonous,  like  the  oil  of  corn  spirits ;  because,  when  given  by 
spoonfuls  to  dogs,  it  produced  no  other  effect  but  vomiting. 

3.  The  oil  ofbnmdy  or  grape  spirits  is  obtained  during  the  distillation  of  the  fermented 
residuum  of  expressed  grapes ;  being  produced  immediately  ader  the  spirituous  liquor 
has  passed  over.  It  is  very  fluid,  limpid,  of  a  penetrating  odor,  and  an  acrid  disagree- 
able taste.  It  grows  soon  yellow  in  the  air.  When  this  oil  is  distilled,  the  first  portions 
of  it  pass  unchajiged,  but  afterwards  it  is  decomposed  and  becomes  empyreumatic.  It  dis- 
solves in  1000  parts  of  water,  and  communicates  to  it  its  peculiar  taste  and  smell.  One 
drop  of  it  is  capable  of  giving  a  disagreeable  flavor  to  ten  old  English  gallons  of  spirits. 
It  combines  with  the  caustic  alkalis,  and  dissolves  sulphur. 

Oil  of  juniper  is  obtained  by  distilling  juniper  berries  along  with  water.  These  should 
be  bruised,  because  their  oil  is  contained  in  small  sacs  or  reservoirs,  which  must  be  laid 
open  before  the  oil  can  escape.  It  is  limpid  and  colorless,  or  sometimes  of  a  faint 
greenish  yellow  color.  Its  specific  gravity  is  0*911.  It  has  the  smell  and  taste  of  the 
juniper.  Water,  or  even  alcohol,  dissolves  very  little  of  it.  Gin  contains  a  very  minute 
quantity  of  this  oil.  Like  oil  of  turpentine,  it  imparts  to  the  urine'of  persons  who  swallow 
it,  the  smell  of  violets.  Oil  of  juniper  is  frequently  sophisticated  with  oil  of  turpentine 
introduced  into  the  still  with  the  berries ;  a  fraud  easily  detected  by  the  diminished  den- 
sity of  the  mixture. 

The  oil  of  lavender  is  extracted  from  the  flowering  spike  of  the  lavandnla  spiea.  It  is 
yellow,  very  fluid,  has  a  strong  odor  of  .the  lavender,  and  a  burning  taste.  The 
specific  gravity  of  the  oil  found  in  commerce  is  0*898  at  the  temperature  of  72°  F.,  and 
<k  0*877  when  it  has  been  rectified.  It  is  soluble  in  all  proportions  in  alcohol  of  0*830, 
but  alcohol  of  0*887  dissolves  only  42  per  cent,  of  its  weight.  The  fresh  oil  detonates 
slightly  when  mixed  with  iodine,  with  the  production  of  a  yellow  cloud.  There  occurs 
in  conmierce  a  kind  of  oil  of  lavender  known  under  the  name  of  oil  of  aspic  or  oil  of  spike^ 
extracted  by  distillation  from  a  wild  variety  of  the  lavandula  spica,  which  has  large 
leares,  and  is  therefore  called  latifolia.  This  oil  is  manufactured  in  the  south  of  Europe. 
Its  odor  is  less  characteristic  than  that  of  the  lavender,  resembling  somewhat  that  of 
ofl  of  turpentine,  with  which  it  is  indeed  oflen  adulterated.  It  is  also  so  cheap  as 
to  be  sometimes  used  instead  of  the  latter  oil.  Oil  of  lavender  deposites,  when  partially 
exposed  to  the  air,  a  concrete  oil,  which  resembles  camphor,  to  the  amount  of  one  fourth 
flftts  weight. 

OH  oflemom  »  extracted  by  pressure  from  the  yellow  peel  of  the  fhiit  of  the  lemon^or 
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ct^riM  tnedica.  In  this  state  it  is  a  yellowish  fluid,  having  a  specific  gniTity  oT  0*82^17; 
but  when  distilled  along  with  water  till  three  fiAhs  of  the  oil  have  come  over,  it  is  o^ 
tained  in  a  colorless  state,  and  of  a  specific  gravity  of  0*847  at  72°  F.  This  oil  does  not 
become  concrete  till  cooled  to  4°  below  CP  F. 

The  oil  of  lenu)n8  has  a  very  agreeable  smell  of  the  fruit,  which  is  injured  by  diftiDa- 
tion.  It  is  soluble  in  all  proportions  in  anhydrous  alcohol,  but  only  14  parts  dissolve  m 
100  of  spirits  of  wine  of  specific  gravity  0*837.  This  oil,  especially  when  distilled,  fonni 
with  muriatic  acid  similar  camphorated  compounds  with  oil  of  turpentine,  absorbing  M 
less  than  280  volumes  of  the  acid  gas. 

Oil  of  lemons  kept  long,  in  ill-corked  bottles,  generates  a  quantity  of  stearcasciice, 
which  when  dissolved  in  alcohol,  precipitated  by  water,  and  evaporated,  affords  brilliaat, 
colorless,  transparent  needles.  Some  acetic  acid  is  also  generated  in  the  old  oiL  Aceoid* 
ing  to  Brandes,  the  specific  gravity  of  oil  of  lemons  is  0*8786. 

The  oil  of  mace  lets  fall,  after  a  certain  time,  a  concrete  oil  under  the  form  of  a  crys- 
talline crust,  called  by  John  myristicine. 

The  oil  of  nutmegs  is  extracted  chiefly  from  mace,  which  is  the  ianer  epidennb  d 
these  nuts.  It  is  colorless,  or  yellowish,  a  little  viscid  with  a  strong  aromatic  odor 
of  nutmegs,  an  acrid  taste,  and  a  spcciflc  gravity  of  0*948.  It  consists  of  two  oils,  whi^ 
may  be  easily  separated  from  each  other  by  agitation  with  water ;  lor  oae  of  them,  which 
is  more  volatile  and  aromatic,  comes  to  the  surface,  while  the  other,  which  is  denser, 
white,  and  of  a  buttery  consistence,  falls  to  the  bottom.  The  latter  liquefies  by  the  heat 
of  the  hand. 

The  oil  of  orange  flowers,  called  nerdx,  is  extracted  from  the  fresh  flowers  of  the  ctfrsr 
aurarUium,  When  recently  prepared  it  is  yellow ;  but  when  exposed  ibr  two  hours  to 
the  rays  of  the  sun,  or  for  a  longer  time  to  diffuse  daylight,  it  becomes  of  c  yellowish- 
red.  It  is  very  fluid,  lighter  than  water,  and  has  a  most  agreeable  smell.  The  aqneoos 
solution  known  under  the  name  of  orange-flower  water,  is  used  as  a  perfume.  It  is 
obtained  either  by  dissolving  the  oil  in  water,  or  by  distilling  with  water  the  leaves  dtber 
fresh  or  salted  ;  the  first  being  the  stronger,  but  the  last  being  the  more  fragrant  prepsr- 
ation.  Orange-flower  water  obtained  by  distillation,  contains  besides  the  oil,  a  principle 
which  comes  over  with  it,  of  a  nature  hitherto  unknown ;  it  possesses  the  property  of  im- 
parting to  water  the  faculty  of  becoming  red  with  a  few  drops  of  sulphuric  acid.  The 
water  formed  from  the  oil  alone,  is  destitute  of  this  property.  The  intensity  of  the  rose- 
color  is  a  test  in  some  measure  of  the  richness  of  the  water  in  oil. 

The  oil  of  parsley  is  extracted  from  the  opium  pelroselinum.  It  is  of  a  pale  ydknr 
color,  having  the  smell  of  the  plant,  and  consists  of  two  oils  separable  by  agitation  in 
water.  Its  liquid  part  floats  upon  the  surface  in  a  very  fluid  form ;  its  steareseenee^ 
which  falls  to  the  bottom,  is  butyraceous  and  crj'stallizes  at  a  low  temperature.  This 
concrete  oil  melts  at  86°  F. 

The  oil  of  pepper  is  extracted  from  the  piper  nigrum.  In  the  recent  state  it  is  liDpii 
and  colorless,  but  by  keeping  it  becomes  yellow.  It  swims  upon  the  surface  of  water. 
In  odor  it  resembles  pepper,  but  is  devoid  of  its  hot  taste. 

The  oil  of  peppermint  is  extracted  from  the  mejdha  piperita.  It  is  yellowish,  and  endued 
with  a  very  acrid  burning  taste.  Its  specific  gravity  is  0-920.  At  6°  or  7®  below  O'*  F., 
it  deposites  small  capillary  crystals.  After  long  keeping  it  affords  a  stearessence  resem- 
bling camphor,  provided  the  oil  had  been  obtained  from  the  dry  plant  gathered  in  flower, 
but  not  from  distillation  of  the  fresh  plant.  When  artificially  cooled,  it  yields  6  per  cent 
of  stearessence,  which  cry'stallizes  in  prisms  with  three  sides,  has  an  acrid,  somewhat  rank 
taste,  is  soluble  in  ether  and  alcohol,  and  is  thrown  down  from  the  latter  solution  by  water 
in  the  form  of  a  white  powder.  Peppermint  water  is  characterized  by  the  sensation  of 
coolness  which  it  diffuses  in  the  mouth. 

The  oil  of  pimento  is  extracted  from  the  envelopes  of  the  fruits  of  the  mytiuM  phnmiOj 
which  afford  8  per  cent,  of  it.  It  is  yellowish,  almost  colorless,  of  a  smell  analogous  to 
that  of  cloves,  an  acrid  burning  taste,  and  a  specific  gravity  greater  than  water.  Nitric 
acid  makes  it  first  red,  and  aAer  the  effervescence,  of  a  rusty  brown  hue.  It  combines 
with  the  salifiable  bases,  like  oil  of  cloves. 

The  oil  of  rhodium  is  extracted  from  the  wood  of  the  convolvclus  scoparins.  It  is  very 
fluid,  and  has  a  yellow  color,  which  in  time  becomes  red.  It  has  somewhat  of  the  rose 
odor,  and  is  used  to  adulterate  the  genuine  otto.  Its  taste  is  bitter  and  aromatic,  which 
it  imparts  to  the  otto  as  well  as  its  fluidity. 

The  oil  of  rous,  called  also  the  attar  or  otto,  is  extracted  by  distillation  from  the  petals 
of  the  rosa  centifolia  and  sempervirens.  Our  native  roses  furnish  such  small  quantities 
of  the  oil,  that  they  are  not  worth  distilling  for  the  purpose.  The  best  way  of  operating 
is  to  return  the  distilled  water  repeatedly  upon  fresh  petals,  and  eventually  to  cool  the 
saturated  water  with  ice ;  whereby  a  little  butyraceous  oil  is  deposited.  But  the  oil 
thus  obtained  has  not  a  very  agreeable  odor,  being  injured  by  the  action  of  the  air  n 
the  repeated  distillations.    In  the  East  Indies,  the  attar  is  obtained  by  stiatiiying 
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leases  in  earthen  pans  in  alternate  layers,  with  the  oleiferous  seeds  of  a  species  of  digi- 
talis,  called  gen^eH,  for  several  days,  in  a  cool  sitaation.  The  fat  oil  of  the  f^eed  absorbs 
the  essential  oil  of  the  rose.  By  repeating  this  process  with  fresh  leaves  and  the  same 
seed,  this  becomes  eventually  swollen,  and  'being  then  expressed  famishes  the  oil.  The 
torbid  liquid  thus  obtained  is  leO  at  rest,  in  well-closed  vessels,  where  it  gets  clarified. 
The  layer  of  oil  that  floats  on  the  top  is  then  drawn  oif  by  a  capillary  cotton  wick,  and 
subjected  to  distillation  along  with  water,  whereby  the  volatile  otto  is  separated  from  the 
fat  seed-oil. 

The  oil  of  roses  is  colorless,  and  possesses  the  smell  of  roses,  which  is  not  however 
a^rreeable,  unless  when  diffused,  for  in  its  concentrated  state  it  is  far  from  pleasant  to  the 
nostrils,  and  is  apt  to  occasion  headsches.  Its  taste  is  bland  and  sweetish.  It  is  lighter 
than  water,  and  at  the  temperature  of  92^,  its  specific  srravity  compared  to  that  of  water 
at  6(P  is  0*832.  At  lower  tcmneratiires  it  becomes  concrete  and  butyraceous ;  and  after- 
wards fuses  at  90^.  It  is  hut  slightly  soluble  in  alcohol ;  1000  parts  of  this  liquid  at  0*906 
dissolving  only  7|  parts  at  58°  F.  This  oil  consists  of  two  parts,  the  stearessence  and 
oleiessence ;  the  latter  bein?  the  more  volatile  odoriferous  portion. 

The  oil  of  ro$tmnry  is  extracted  from  the  rosmarinvs  officialis.  It  is  as  limpid  as  water, 
has  the  smell  of  the  plant,  and  in  other  respects  resembles  oil  of  turpentine.  The  oil 
fband  in  commerce  has  a  specific  gravity  of  0*911,  which  becomes  0*8886  by  rectification. 
It  boils  at  320°  P.  (occasionally  at  329^).  It  is  soluble  in  all  portions  in  alcohol  of  0  830. 
When  kept  in  imperfectly  closed  vessels,  it  deposites  a  stearessence  to  the  amount  of  one 
tenth  of  its  weight,  resembling  camphor.  It  is  sometimes  adulterated  with  oil  of  turpen- 
tine, a  fraud  easily  detected  by  adding  anhydrous  alcohol,  which  dissolves  only  the  oil  of 
iDseraary. 

The  oil  of  saffron  is  extracted  from  the  atiginata  of  the  crocus  sativus.  It  is  yellow, 
Tery  fluid,  falls  to  the  bottom  of  water,  difluses  the  penetrating  odor  of  the  plant,  and  has 
an  acrid  and  bitter  taste.     It  is  narcotic. 

The  oil  of  sassafras  is  extracted  from  the  woody  root  of  the  lanrus  sassafras.  It  is 
colorless,  but  at  the  end  of  a  certain  time  it  becomes  yellow  or  red.  It  has  a  peculiar, 
sweetish,  pretty  agreeable,  but  somewhat  burning  taste.  Its  specific  gravity  is  1*094. 
According  to  Bonastre,  this  oil  separates  by  a?itation  with  water  into  an  oil  lighter  and 
an  oil  heavier  than  this  flnii.  When  Ion?  kept,  it  deposites  a  stearessence  in  transparent 
and  eolorless  crystals,  which  have  the  smell  and  taste  of  the  liquid  oil. 

The  oil  of  savine  is  extracted  from  the  leaves  of  the  juniperus  sabina.  It  is  limpid, 
and  has  the  odor  and  taste  of  the  plant,  which  is  one  more  productive  of  volatile  oil  than 
any  other. 

The  oil  of  lansy  has  a  si>ecific  gravity  of  0-946,  the  penetrating  odor  of  the  lanacetum 
fmlg^sre,  with  an  acrid  and  bitter  taste. 

Oil  of  turpentine,  commonly  called  essence  of  turpentine.  It  is  extracted  from  several 
species  of  turpentine,  a  semi-liiuii  resinous  substance  which  exudes  from  certain  trees 
of  the  pine  tribe,  and  is  obtained  by  distillin?  the  resin  alon?  with  water.  This  oil  is 
the  cheapest  of  all  the  volatile  speci«s,  and,  as  commonly  sold,  contains  a  little  resin, 
from  which  it  may  be  free  1  by  re-Iistillition  with  wafer.  It  is  colorless,  limpid,  ver]^ 
iuM,  and  has  a  very  peculiar  smell.  Us  specific  gravity  at  60°  is  0*872;  that  of  the 
spirit  on  sale  in  the  shops  i§  0*876.  This  oil  always  reddens  litmus  paper,  because  it  con- 
tains a  little  succinic  acid. 

100  parts  of  spirits  of  wino,  of  specific  gravity  0*8t,  dissolve  only  13|  of  oil  of  turpen- 
tine at  72°  F.  When  agitated  with  alcohol  at  0*830  the  oil  retains  afterwards  one  fifth 
of  its  hulk  of  the  soirlt;  hence  Ihi^  proposed  methoJ  for  purifying  oil  of  turpentine  is 
defective.  The  oil,  if  lrt\  durin?  funr  months  in  contact  with  air,  is  capable  of  absorbing 
20  times  its  bulk  of  oxy«jen  sras.  One  voltime  of  rectified  oil  of  tiypentine  absorbs  at 
the  temperature  of  72°,  anl  under  the  common  atmospheric  pressure,  163  times  its  vol- 
nme  of  muriatic  a«*i  I  ?as,  provide' I  the  vessel  be  kept  cool  with  ice.  This  mixture  being 
allowei  to  repose  for  21  hours,  prolnces  out  of  the  oil  from  26  to  47  per  cent,  of  a  white 
crystalline  substance,  which  snb<:ides  to  the  bottom  of  a  brown,  smokin?,  translucent 
liinor.  Others  say  that  100  parts  of  oil  of  turpentine  yield  110  of  this  crystalline 
matter,  which  was  called  by  Kind,  its  discoverer,  artificial  camphor,  from  its  resemblance 
in  smell  and  appearance  to  this  snhstance.  Both  the  solid  and  the  liquid  are  combina- 
tions of  muriatic  acid  and  oil  of  turpentine;  indicating  the  existence  of  a  stearine  and  an 
oleine  in  the  latter  substance.  The  liquid  compoun:l  is  lighter  than  water,  and  is  not 
decomposed  by  it,  nor  does  it  f'irni«»h  any  more  solil  matter  when  more  muriatic  eas  is 
fw^ei  throusrh  it.  The  soli  I  compound,  after  bein^  washed  first  with  water  containing 
a  little  carbonate  of  sola,  then  with  pure  water,  and  finally  purified  by  sublimation  with 
some  chalk,  lime,  ashes,  or  charcoal,  appears  as  a  white,  translucent,  crystalline  body,  in 
the  form  of  flexible,  tenacious  needles.  It  swims  upon  the  surface  of  water,  diffuses  a 
faint  smell  of  camphor,  commonly  mixed  with  that  of  oil  of  turpentine,  and  has  rather 
«m  nromalie  than  a  camphorated  taste.     It  does  not  redden  litmos  paper.     Water 
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dissolTM  a  very  minute  quantity;  Irat  cold  alcohol  of  0*806  dissolves  fbllj  one  third  of 
Its  weight,  and  hot  mnch  more,  depositing,  as  it  cools,  this  excess  in  the  form  of  eiystak. 
The  solution  is  not  precipitated  by  nitrate  of  silrer,  which  shows  that  the  nature  of  the 
muriatic  acid  is  perfectly  masked  by  the  combination.  It  is  composed,  in  100  parts,  ef 
76*4  carbon,  9*6  hydrogen,  and  14  muriatic  acid.  The  muriatic  acid,  or  chlorine,  may  be 
separated  by  distilling  an  alcoholic  solution  of  the  artificial  camphor  12  or  14  times  it 
succession  with  slaked  lime. 

Oil  of  turpentine  is  best  preserved  in  casks  enclosed  within  others,  with  water  betweoi 
the  two.    Its  principal  use  is  for  making  varnishes,  and  as  a  remedy  for  the  tape-wofm. 

The  oil  of  thyme  is  extracted  from  the  ihyrmu  •erpyUum.  It  is  reddish  yellow,  has  •■ 
agreeable  smell,  and,  after  being  long  kept,  it  lets  fall  a  crystalline  stearessenee.  It  is 
used  merely  as  a  perfume. 

The  oil  of  wormwood  is  extracted  from  the  ariemina  abeinthium.  It  is  yeUow,  sr 
sometimes  green,  and  possesses  the  odor  of  the  plant.  Its'  taste  resembles  that  of 
wormwood,  but  without  its  bitterness.  Its  specific  gravity  is  0*9703,  according  to  Brissoa, 
and  0*9725,  according  to  Brandes.  It  detonates  with  iodine  when  it  is  fres^  TrealM 
with  nitric  acid  of  1-25  specific  gravity,  it  becomes  first  blue,  and  after  some  thne 
brown. 

OIL  OF  VITRIOL  is  the  old  name  of  concentrated  Sttlphuric  Acid. 

OLEATES  are  saline  compounds  of  oleic  acid  with  the  bases. 

OLEFIANT  GAS  is  the  name  originally  given  to  bi-carbureted  hydrogen. 

OLEIC  ACID  is  the  acid  produced  by  saponifying  olive  oil,  and  then  sepaimting  the 
base  by  dilute  sulphuric  or  muriatic  acid.    See  Fats,  and  Stearine. 

OLEINE  is  the  thin  oily  part  of  fats,  naturaUy  associated  in  them  with  glyccriic^ 
margarine,  and  stearine. 

OLIBANUM  is  a  gum-resin,  used  only  as  incense  in  Roman  Catholic  chnrehes. 

OLIVE  OIL.    See  Oils,  unctuous. 

ONYX,  an  ornamental  stone  of  little  value ;  a  subspecies  of  quartz. 

OOLITE  is  a  species  of  limestone  composed  of  globules  clustered  together,  commoaly 
without  any  visible  cement  or  base.  These  vary  in  size  from  that  of  small  pin-heads  to 
peas ;  they  sometimes  occur  in  concentric  layers;  at  others  they  are  compact,  or  radiated 
from  the  centre  to  the  circumference ;  in  which  case,  the  oolite  is  called  roogetutein  by  tht 
German  mineralogists.  In  geology  the  oolitic  series  includes  all  the  strata  between  tht 
iron  sand  above  and  the  red  mar{  below.  It  is  the  great  repository  of  the  best  architect- 
vral  materials  which  the  mkiland  and  eastern  parts  of  England  produce ;  it  is  divided  iito 
three  systems  : — 

1.  The  upper  oolite^  includinir  the  argillo-calcareous  Purbeck  strata,  which  separate  the 
iron  and  oolitic  series ;  the  oolitic  strata  of  Portland,  Tisbury,  and  Aylesbury ;  the  calea- 
reous  sand  and  concretions,  as  of  Shotover  and  Thame;  and  the  argiilo-caleareooa fotiss- 
tion  of  Kimmeridge,  the  oak  tree  of  Smith. 

2.  The  middle  oolite ;  the  oolitic  strata  associated  with  the  coral  rag ;  calcareous  ssai 
and  grit ;  great  Oxfbid  clay,  between  the  oolites  of  this  and  the  following  system. 

3.  The  lower  oolite ;  which  contains  numerous  oolitic  strata,  occasionally  subdinded  by 
thin  argillaceous  beds ;  including  the  combrash,  forest  marble,  schistose  oolite,  and  saaa 
of  Stonesfield  and  Hinton,  great  oolite  and  inferior  oolite ;  calcareo-silicious  sand  passiig 
into  the  inferior  oolite ;  great  argillo-calcareous  formation  of  lias,  and  lias  marl,  eonstita* 
ting  the  base  of  the  whole  series. 

These  formations  occupy  a  zone  30  miles  broad  in  England. 

OOST,  or  OAST ;  the  trivial  or  provincial  name  of  the  stove  in  which  the  pidced  hops 
are  dried. 

OPAL ;  an  ornamental  stone  of  moderate  value.    See  Lapidart. 

OPERAMETER  is  the  name  given  to  an  apparatus  patented  in  February,  1829,  bf 
Samuel  Walker,  cloth  manufhcturer,  in  the  parish  of  Leeds.  It  consists  of  a  timia  sf 
toothed  wheels  and  pinions  enclosed  in  a  box,  having  indexes  attached  to  the  eentitl 
arbor,  like  the  hands  of  a  clock,  and  a  dial  plate ;  whereby  the  number  of  rotations  of  a 
shaft  projecting  from  the  posterior  part  of  the  box  is  shown.  If  this  shall  be  oonnedfld 
1^  any  convenient  means  to  the  working  parts  of  a  gig  mill,  shearing  frame,  or  any  other 
BHiehinery  of  that  kind  for  dressing  do^hs,  the  numlier  of  rotations  made  hj  the  operatinf 
machine  will  be  exhibited  by  the  indexes  upon  the  dial  plate  of  this  apparatus.  In  dresi* 
ing  doths,  it  is  often  found  that  too  little  or  too  much  work  has  been  expended  upon  tben^ 
kk  eenseqnence  of  the  unskilfulness  or  inattention  of  the  workmen.  By  the  use  of  tbfl 
operameter,  that  evil  will  be  avoided,  as  the  master  may  regulate  and  prescribe  befbrehand 
by  the  dial  the  number  of  turns  which  the  wheels  should  perform. 

A  similar  clock-woiic  mechanism,  called  a  cowUery  has  been  for  a  great  many  years 
employed  in  the  cotton  factories  to  indicate  the  number  of  revolutions  of  the  main  diaft 
of  the  mill,  and  of  course  the  quantity  of  yam  that  might  or  should  be  spun,  or  of  doth 
IIhiI  might  ba  woven  m  the  power  looms.     A  common  pcndolom  or  ipriBf  dodt  ii 
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eommonly  set  up  alongside  of  the  coanter ;  and  sometimes  the  indexes  of  both  are  regm- 
lated  to  go  together,  when  the  mill  performs  its  average  work. 

OPIUM,  is  the  juice  which  erodes  from  incisions  made  in  the  heads  of  ripe  poppies, 
{papavar  aomniferum,)  rendered  concrete  by  exposure  to  the  air  and  the  sun.  The  best 
opium  which  is  found  in  the  European  markets  comes  from  Asia  Minor  and  Egypt ; 
iHiat  is  imported  from  India  is  reckoned  inferior  in  quality.  This  is  the  most  valuable  of 
•n  the  vegetable  products  of  the  gum-resin  ftunily :  and  very  remarkable  for  the  complexity 
of  its  chemical  composition.  Though  examined  by  many  able  analysts,  it  still  requires 
fiuther  elucidation. 

Opium  occurs  in  brown  lumps  of  a  rounded  form  about  the  size  of  the  fist,  and 
often  larger ;  having  their  surface  covered  with  the  seeds  and  leaves  of  a  species  of 
rmmexy  for  the  purpose  of  preventing  the  mutual  adhesion  of  the  pieces  in  their  serai- 
iidarated  state.  These  seeds  are  sometimes  introduced  into  the  interior  of  the  masses 
to  increase  their  weight ;  a  fraud  easily  detected  by  cutting  them  across.  Good  opium 
18  hard  in  the  cold,  but  becomes  flexible  and  doughy  when  it  is  worked  between  the  hot 
kftnds.  It  has  a  characteristic  smell,  which  by  heat  becomes  stronger,  and  very  offensive 
to  the  nostrils  of  many  persons.  It  has  a  very  bitter  taste.  Water  first  soAens,  and 
then  reduces  it  to  a  pasty  magma.  Proof  spirit  digested  upon  opium  forms  lawfanum, 
being  a  better  solution  of  its  active  parts  than  can  be  obtained  by  either  water  or  strong 
aleohol  alone.  Water  distilled  from  it  acquires  its  peculiar  smell,  but  carries  over  no 
volatile  oiL 

Opium  was  analyzed  by  Bucholz  and  Braconnot,  but  at  a  period  anterior  to  the 
knowledge  of  the  alkaline  properties  of  morphia  and  opian  (narcotine).  Bucholz 
tend  in  100  parts  of  it,  9*0  of  resin ;  30*4  of  gum ;  35-6  of  extractive  matter ;  4-8  of 
cnoutchoue ;  11*4  of  gluten ;  2*0  of  ligneous  matter,  as  seeds,  leaves,  Apc. ;  6*8  of  water 
•ad  loss.  John,  who  made  his  analysis  more  recently,  obtained  2-0  parts  of  a  rancid 
nauseous  fat ;  12*0  of  a  brown  hard  resin ;  10*0  of  a  soil  resin ;  2  of  an  elastic  substance ; 
12-0  of  morphia  and  opian ;  1*0  of  a  balsamic  extract ;  25*0  of  extractive  matter;  2*5  of 
tke  meeonates  of  lime  and  magnesia ;  18*5  of  the  epidermis  of  the  heads  of  the  poppy ; 
16  of  water,  salts,  and  odorous  matter. 

In  the  Numbers  of  the  Quarterly  Journal  of  Science  for  January  and  June,  1830^ 
I  published  two  papers  upon  opium  and  its  tests,  containing  the  results  of  researches  made 
upon  some  porter  which  had  been  fatally  dosed  with  that  drug ;  for  which  crime,  a  man 
and  his  wife  had  been  capitally  punished,  about  a  year  before,  in  Scotland.*  From  the 
first  of  these  papers  the  following  extract  is  made : — 

"  Did  the  anodyne  and  soporific  virtue  of  opium  reside  in  one  definite  principle, 
efaemical  analysis  might  furnish  a  certain  criterion  of  its  powers.  It  has  been  pretty 
generally  supposed  that  this  desideratum  is  supplied  by  Sertumer's  discovery  of  morphia. 
Of  this  narcotic  alkali  not  more  than  7  parts  can  be  extracted  by  the  most  rigid 
analysis  from  100  of  the  best  Turkey  oj^ium ;  a  quantity,  indeed,  somewhat  above  the 
aTerage  result  of  many  skilful  chemists.  Were  morphia  the  real  medicinal  essence  of 
the  poppy,  it  should  display,  when  administered  in  its  active  saline  state  of  acetate,  an 
operation  on  the  living  system  commensurate  in  energy  with  the  fourteen-fold  concen- 
tmtion  which  the  opiam  has  undergone.  But  so  far  as  may  be  judged  from  the  most 
■nthentic  recent  trials,  morphia  in  the  acetate  seems  to  be  little,  if  any,  stronger  as  a 
narcotic  than  the  heterogeneous  drug  from  which  it  has  been  eliminated.  Mr.  John 
Murray's  experiments  would,  in  fact,  prove  it  to  be  greatly  weaker;  for  he  gave  2 
drachms  of  superacetate  of  morphia  to  a  cat,  without  causing  any  poisonous  disorder. 
This  is  perhaps  an  extreme  case,  and  may  seem  to  indicate  either  some  defect  in  the 
preparation,  or  an  uncommon  tenacity  of  life  in  the  animal.  To  the  same  efi*ect 
Lanatgne  found  that  a  dog  lived  12  hours  after  36  grains  of  acetate  of  morphia  in 
watery  solution  had  been  injected  into  its  jugular  vein.  The  morphia  meanwhile  was 
entirely  decomposed  by  the  vital  forces,  for  none  of  it  could  be  detected  in  the  blood 
dnwn  from  the  animal  at  the  end  of  that  period.  Now,  from  the  effects  produced  by  5 
frmins  of  watery  extract  of  opium,  injected  by  Orfila  into  the  veins  of  a  dog,  we  may  con- 
dade  that  a  quantity  of  it,  equivalent  to  the  above  dose  of  the  acetate  of  morphia,  would 
h^Tc  proved  speedily  fatal. 

^  Neither  can  we  ascribe  the  energy  of  opium  to  the  white  crystalline  substance  called 
nmreoiiney  or  opian,  extracted  from  it  by  the  solvent  agency  of  sulphuric  ether ;  for  Orfila 
miires  us  that  these  crystals  may  be  swallowed  in  various  forms  by  man,  even  to  the 
aaionnt  of  2  drachms  in  the  course  of  12  hours,  with  impunity ;  and  that  a  drachm  of  it 
dteolved  in  muriatic  or  nitric  acid  may  be  administered  in  the  food  of  a  dog  without 
pndncing  any  inconvenience  to  the  animal.    It  appears,  however,  on  the  same  authority^ 

*A  eaaatry  aMicbant  traTelHnff  ia  a  ■taam-boat  upon  IYm  rirer  Clyde,  who  bad  iMftvtioaaly  ditptoftd 
afMd d««l  oi  moMy,  wu  poisoaed  witU  porUr  oharged  with  landuum.  The  ronlwn  of  th*  dftad  miaff 
itbtmmi^  wcro  font  to  me  for  aaaljrni. 
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tliat  30  grains  of  it  dissolyed  in  acetic  or  snlphnric  acid  caused  dogs  tbat  bad  twmHowd 
the  duse  to  die  under  convulsions  in  the  space  of  24  hours,  while  the  head  was  throws 
backwards  on  the  spine.  Oil  seems  to  be  the  most  potent  menstruum  of  narcotine ;  ftr 
3  ^ains  dissolved  in  oil  readily  kill  a  dog,  whether  the  dose  be  introduced  into  the 
ach  or  into  the  jugular  vein. 

«  Since  a  bland  oil  thus  seems  to  develop  the  peculiar  force  of  narcotine,  and 
opium  affords  to  ether,  and  also  to  ammonia,  an  unctuous  or  fatty  matter,  and  a 
(the  caoutchouc  of  Bucholz)  to  absolute  alcohol,  we  are  entitled  to  infer  tbat  the  aelivily 
of  opium  is  due  to  its  state  of  composition,  to  the  union  of  an  oleate  or  margarate  of  nar- 
cotine with  morphia.  The  meconic  acid  associated  with  this  salifiable  base  has  no 
cotic  power  by  itself,  but  may  probably  promote  the  activity  of  the  morphia.** 

Opian  or  narcotine,  and  morphia,  may  be  well  prepared  by  the  following 
The  watery  infusion  of  opium  being  evaporated  to  the  consistence  of  an  extract,  eroy 
3  parts  are  to  be  diluted  with  one  and  a  ha^*  parts  in  bulk  of  water,  and  then  mixed  ia 
a  retort  with  20  parts  of  ether.  As  soon  as  5  parts  of  the  ether  have  been  distiDed 
over,  the  narcotic  salt  contained  in  the  extract  will  be  dissolved.  The  flak!  oontents  of 
the  retort  are  to  be  poured  hot  into  a  vessel  apart,  and  the  residuum  being  wadied  with 
6  other  parts  of  ether,  they  are  to  be  added  to  the  former.  Crystals  of  narcotine  will  Ve 
oblain'ed  as  the  solution  cools.  The  remaining  extract  is  to  be  diluted  in  the  retort 
with  a  little  water,  and  the  mixture  set  aside  in  a  cool  place.  After  some  time,  sfaac 
narcotine  will  be  found  crystallized  at  the  bottom.  The  supernatant  liquid  thai 
freed  from  narcotine  being  decanted  off,  is  to  be  treated  with  caustic  ammonia;  aad 
the  precipitate  thrown  upon  a  filter.  This,  when  well  washed  and  dried,  is  to  Ve 
boiled  with  a  quantity  of  spirit  of  wine  at  0*84,  equal  to  thrice  the  weight  of  the 
opium  employed,  containing  6  parts  of  animal  charcoal  for  every  hundred  parts  of  the 
drug.  The  alcoholic  solution  being  filtered  hot,  affords,  on  cooling,  colorless  crystali 
of  morphia. 

^  This  alkali  may  be  obtained  by  a  more  direct  process  without  alcohol  or  ether.  A  sota- 
tion  of  opium  in  vinegar,  is  to  be  precipitated  by  ammonia ;  the  washed  precipitate  is  to 
be  dissolved  in  dilute  muriatic  acid,  the  solution  is  to  be  boiled  along  with  powdenNl  boae 
black,  filtered,  and  then  precipitated  by  ammonia.  This,  when  washed  upon  a  filter  aid 
dried,  is  white  morphia,  which  may  be  dissolved  in  hot  alcohol,  if  fine  crystals  be  wantd 
See  Morphia. 

Opiumy  quantity  of, 


Imported. 

Retained  for  oon- 
•umption. 

Exported. 

Year. 
1835. 
1836. 

Lbs. 

85,481 
130,794 

Us. 

31,181 
•      38,943 

Us. 

74,126 
70,824 

Duty,  at  present,  U.  per  lb. 

OPO BALSAM  is  the  balsam  of  Peru  in  a  dry  state. 

OPOPONAX  is  a  gum-resin  resembling  gum  ammoniac.     It  is  occasionally  used  in 
medicine. 

ORANGE  DYE  is  given  by  a  mixture  of  red  and  yellow  dyes  in  various  proportkas. 
Annotto  alone  dyes  orange ;  but  it  is  a  fugitive  color. 

ORCINE  is  the  name  of  the  coloring  principle  of  the  lidien  dta&aius.  The 
lichen  dried  and  pulverized  is  to  be  exhausted  by  boiling  alcohol.  The  solutioB 
filtered  hot,  lets  fall  in  the  cooling  crystalline  Aocks,  which  do  not  belong  to  the 
coloring  matter.  The  supernatant  aleohol  is  to  be  distilled  off,  the  residnnm  is  to 
be  evaporated  to  the  consistence  of  an  extract,  and  triturated  with  water  tdl  this  liquid 
will  dissolve  no  more.  The  aqueous  solution  reduced  to  the  consistence  of  sirup,  and 
left  to  itself  in  a  cool  place,  lets  fall,  at  the  end  of  a  few  days,  long  brown  teittle 
needles,  which  are  to  be  freed  by  pressure  from  the  mother  water,  and  dried.  That 
water  being  treated  with  animal  charcoal,  filtered  and  evaporated,  will  yield  a  second 
crop  of  crystals.  These  are  orcine.  Its  taste  is  sweet  and  nauseous ;  it  melts  readily 
in  a  retort  into  a  transparent  liquid,  and  distils  without  undergoing  any  changes.  It  ii 
soluble  in  water  and  alcohol.  Nitric  acid  colors  it  blood-red ;  which  color  afterwards 
disappears.  Subacetate  of  lead  precipitates  it  completely.  Its  conversion  into  the  archil 
red  is  effected  by  the  action  of  an  alkali,  in  contact  with  the  air.  When  dissolvcdL 
for  example,  in  ammonia,  and  exposed  to  the  atmosphere,  it  takes  a  dirty  brown  red 
hue ;  but  when  the  orcine  is  exposed  to  air  charged  with  vapors  of  ammonia,  it  assumes 
by  degrees  a  fine  violet  color.  To  obtain  this  result,  the  orcine  in  powder  should  be 
placed  in  a  capsule,  alongside  of  a  saucer  containing  water  of  ammonia;  and  both 
should  be  covered  by  a  large  bell  glass;  whenever  the  orcine  has  aoqnind  a  duk 
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brown  cast,  it  must  be  withdrawn  from  ander  the  bell,  and  the  excess  of  ammonia  be 
allowed  to  volatilize.  As  soon  as  the  smell  of  ammonia  is  gone,  the  orcine  is  to  be  dis- 
solved in  water ;  and  tlien  a  few  drops  of  ammonia  being  poured  into  the  brownish 
liquid,  it  assumes  a  magnificent  reddish-violet  color.  Acetic  acid  precipitates  the  red 
lake  of  lichen. 

ORES  (Minesy  Fr. ;  Erze,  Germ.),  are  the  mineral  bodies  which  contain  so  much 
metal  as  to  be  worth  the  smelting,  or  being  reduced  by  fire  to  the  metallic  state.  The 
substances  naturallj*  combined  with  metals,  which  mask  their  metallic  characters,  are 
chiefly  oxygen,  chlorine,  sulphur,  phosphorus,  selenium,  arsenic,  water,  and  several  acids, 
of  which  the  carbonic  is  the  most  common.  Some  metals,  as  gold,  silver,  platinum,  often 
occur  in  the  metallic  state,  either  alone,  or  combined  with  other  metals,  constituting  what 
are  called  native  alloys. 

I  have  described  in  the  article  Mine,  the  general  structure  of  the  great  metallic 
repositories  within  the  earth,  as  well  as  the  most  approved  methods  of  bringing  them 
to  the  surface ;  and  in  the  article  Metallurgy,  the  various  mechanical  and  chemical 
operations  requisite  to  reduce  the  ores  into  pure  metals.  Under  each  particular  metal, 
moreover,  in  its  alphabeiical  place,  will  be  found  a  systematic  account  of  its  most  impor- 
tant ores. 

Relatively  to  the  theory  of  the  smelting  of  ores,  the  following  observations  may 
he  made.  It  is  probable  that  the  coaly  matter  employed  in  that  process  is  not  the 
immediate  agent  of  their  reduction ;  but  the  charcoal  seems  first  of  all  to  be  transformed 
by  the  atmospherical  oxygen  into  the  oxyde  of  carbon ;  which  gaseous  product  then 
surrounds  and  penetrates  the  interior  substance  of  the  oxydes,  with  the  eflect  of  decom- 
posing them,  and  carrying  ofi*  their  oxygen.  That  this  is  the  true  mode  of  action,  is 
evident  from  the  well-known  facts,  that  bars  of  iron,  stratified  with  pounded  charcoal, 
in  the  steel  cementation-chest,  most  readily  absorb  the  carbonaceous  principle  to  their 
innermost  centre,  while  their  surfaces  get  blistered  by  the  expansion  of  carburetol 
^ases  formed  within;  and  that  an  intermixture  of  ores  and  charcoal  is  not  always 
necessary  to  reduction,  but  merely  an  interstratification  of  the  two,  without  intimate 
contact  of  the  particles.  In  this  case,  the  carbonic  acid  which  is  generated  at  the  lower 
surfaces  of  contact  of  the  strata,  rising  up  through  the  first  bed  of  ignited  charcoal,  be- 
comes converted  into  carbonic  oxyde ;  and  this  gaseous  matter,  passing  up  through  the 
next  layer  of  ore,  seizes  its  oxygen,  reduces  it  to  metal,  and  is  itself  thereby  transformed 
once  more  into  carbonic  acid;  and  so  on  in  continual  alternation.  It  may  be  laid 
down,  however,  as  a  general  rule,  that  the  reduction  is  the  more  rapid  and  complete,  the 
more  intimate  the  mixture  of  the  charcoal  and  the  metallic  oxyde  has  been,  because  the 
formation  of  both  the  carbonic  acid  and  carbonic  oxyde  becomes  thereby  more  easy  and 
direct.  Indeed,  the  cementation  of  iron  bars  into  steel  will  not  succeed,  unless  the 
charcoal  be  so  porous  as  to  contain,  interspersed,  enough  of  air  to  favor  the  commence- 
ment of  its  conversion  into  the  gaseous  oxyde ;  thus  acting  like  a  ferment  in  brewing. 
Hence  also  finely  pulverized  charcoal  docs  not  answer  well ;  unless  a  quantity  of  ground 
iron  cinder  or  oxyde  of  man?anese  be  blended  with  it,  to  afibrd  enough  of  oxygen  to  be- 
gin the  generation  of  carbonic  oxyde  gas ;  whereby  the  successive  transformations  into 
acid,  and  oxyde,  are  put  in  train. 

ORPIMENT  (Eng.  and  Fr.,  Yellmo  sulphuret  of  arsenic ;  Opermeniy  Rauschgtlby  Germ.), 
occurs  in  indistinct  crystalline  ])articles,  and  sometimes  in  oblique  rhomboidal  prisms ; 
bat  for  the  most  part,  in  kidney  and  other  imitative  forms ;  it  has  a  scaly  and  granular 
aspect;  texture  foliated,  or  radiated;  fracture  small  granular,  passing  into  conchoidal ; 
splintery,  opaque,  shinin?,  with  a  weak  diamond  lustre;  lemon,  orange,  or  honey  yellow; 
sometimes  green ;  specific  gravity,  3*44  to  3*6.  It  is  found  in  floetz  rocks,  in  marl,  clay, 
sand-stone,  along  with  reaUar,  lead-glance,  pyrites,  and  blende,  in  many  parts  of  the 
world.    It  volatilizes  at  the  blowpipe.     It  is  used  as  a  pigment. 

The  finest  specimens  come  from  Persia,  in  brilliant  yellow  masses,  of  a  lamellar  tex- 
ture, called  golden  orpiment. 

Artificial  orpiment  is  manufactured  chiefly  in  Saxony,  by  subliming  in  cast  iron  cucur- 
bits, surmounted  by  conical  cast-iron  capitals,  a  mixture  in  due  proportions  of  sulphur 
and  arsenious  acid  (white  arsenic).  As  thus  obtained,  it* is  in  yellow  compact  opaque 
masses,  of  a  glassy  aspect ;  aflfording  a  powder  of  a  pale  yellow  color.  Genuine 
orpiment  is  oAen  adulterated  ^ith  an  ill-made  compound;  which  is  sold  in  this 
country  by  the  preposterous  name  of  kinsr's  yellow.  This  fictitious  substance  is  fre- 
quently nothing  else  than  white  arsenic  combined  with  a  little  sulphur ;  and  is  quite 
soluble  in  water.  It  is  therefure  a  deadly  iraison,  and  has  been  administered  with 
criminal  intentions  and  fatal  eflects.  I  had  occasion,  some  years  ago,  to  examine  such 
a  specimen  of  king's  yellow,  with  which  a  woman  had  killed  her  child.  A  proper 
insoluble  sulphuret  of  arsenic,  like  the  native  or  the  Saxon,  may  be  prepared  by  trans- 
mitting sulphureted  hydrogen  gas  through  any  arsenical  solution.  It  consists  of  38*09 
sulphur,  and  60*92  of  metallic  arsenic,  and  is  not  remarkably  poisonous.    The  finest 
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kinds  of  native  orpiment  are  reserved  for  artists ;  the  inferior  are  nsod  fyr  the  iadigo  nt 
They  are  all  soluble  in  alkaline  leys^  and  in  water  of  ammonia. 

ORYCTNOGNOSY  is  the  name  given  by  Werner  to  the  knowledge  of  minefals;  oi 
is  therefore  synonymous  with  the  English  term  Mineralogy. 

OSTEOCOLLA  is  the  glue  obtained  from  bones,  by  removing  the  eutliy  j/km^ 
phates  with  muriatic  acid,  and  dissolving  the  cartilaginous  residuum  in  wmter  at  a  tcflh 
perature  considerably  above  the  boiling  point,  by  means  of  a  digester.  It  is  a  Tery  ndi^ 
ferent  article. 

OSMIUM  is  a  metal  discovered  by  Mr.  Tennant  in  1803,  among  the  grains  of  natife 
platinum.  It  occurs  also  associated  with  the  ore  of  iridium.  As  it  has  not  been  ap^ied 
to  any  use  in  the  arts,  I  shall  reserve  any  chemical  observations  that  the  snlgect  nay  re- 
quire for  the  article  Platinum. 

OXALATES  are  saline  compounds  of  the  bases  with 

OXALIC  ACID  {Jcide  oxalique,  Fr. ;  SauerkleeMaurty  Germ.),  whiek  is  tke  otjeel 
of  a  considerable  chemical'  manufacture.  It  is  usually  prepared  upon  the  small  scale  kf 
digesting  four  parts  of  nitric  acid  of  specific  gravity  1*4,  upon  one  part  of  sugar,  in  a  gkoi 
retort ;  but  on  the  large  scale,  in  a  series  of  salt-glazed  stoneware  pipkins,  two  Uiiids 
filled,  and  set  in  a  water  bath.  The  addition  of  a  little  sulphuric  acid  has  been  fbnnd  Is 
increase  the  product.  15  pounds  of  sugar  yield  fully  17  pounds  of  the  crysuQline  waL 
This  acid  exists  in  the  juice  of  wood  sorrel,  the  oxalis  aceto\eila,  in  the  state  of  a  ki*> 
oxalate ;  from  which  the  salt  is  extracted  as  an  object  of  commerce  in  Switzerland,  aai 
sold  under  the  name  of  salt  of  sorrel,  or  sometimes,  most  incorrectly,  under  tlwt  of  nk 
of  lemons. 

Some  prefer  to  make  oxalic  acid  by  acting  upon  4  parts  of  sugar,  with  24  parti  tf 
nitric  acid  of  specific  gravity  1*220,  heating  ihe  solution  in  a  retort  till  the  acid  kegiss 
to  decompose,  and  keeping  it  at  this  temperature  as  long  as  nitrons  gas  is  disengaged. 
The  sugar  loses  a  portion  of  its  carbon,  which  combining  with  the  oxygen  of  the  nitric 
add,  becomes  carbonic  acid,  and  escapes  along  with  the  deutoxyde  of  nitrogen.  The  re- 
maining carbon  and  hydrogen  of  the  sugar  being  oxydized  at  the  expense  of  the  nitric  acii^ 
generate  a  mixture  of  two  acids,  the  oxalic  and  the  malic.  Whenever  gas  ceases  to  issae^ 
the  retort  must  be  removed  from  the  source  of  heat,  and  set  aside  to  eool;  the  oxalic  acid 
crystallizes,  but  the  malic  remains  dissolved.  A(\er  draining  these  crystals  upon  a  filter 
funnel,  if  the  brownish  liquid  be  further  evaporated,  it  will  furnish  another  crop  of  then. 
The  residuary  mother  water  is  generally  regarded  as  malic  acid,  but  it  also  contains  bolk 
oxalic  and  nitric  acids ;  and  if  heated  with  6  parts  of  the  latter  acid,  it  will  yield 
a  good  deal  more  oxalic  acid  at  the  expense  of  the  malic.  The  brown  cryitali 
now  formed  being,  however,  penetrated  with  nitric,  as  well  as  malic  acid,  must  bt 
allowed  to  dry  and  effloresce  in  warm  dr>'  air,  whereby  the  nitric  acid  will  be  got  rid  of 
without  injury  to  the  oxalic.  A  second  crystallization  and  efflorescenee  will  entirely 
dissipate  the  remainder  of  the  nitric  acid,  so  as  to  afford  pure  oxalic  acid  at  the  thiid 
crystallization.  Sugar  affords,  with  nitric  acid,  a  purer  oxalic  acid,  but  in  smaller 
quantity,  than  saw-dust,  glue,  silk,  hairs,  and  several  other  animal  and  TcgetaUt 
substances. 

Oxalic  acid  occurs  in  aggregated  prisms  when  it  crystallizes  rapidly,  but  in  tables  sf 
greater  or  less  thickness  when  slowly  formed.  They  lose  their  water  of  crirstallisaticMi 
in  the  open  air,  fall  into  powder,  and  weigh  0-28  less  than  before ;  but  still  retain 
0*14  parts  of  water,  which  the  acid  does  not  part  with  except  in  favor  of  another  oxyde, 
as  when  it  is  combined  with  oxyde  of  lead.  The  effloresced  acid  contains  20  per  cent  of 
water,  according  to  Berzelius.  By  my  analysis,  the  cr}'stals  consist  of  three  prime 
^equivalents,  of  water  =  27,  combined  with  one  of  dry  oxalic  acid  =  36 ;  or  in  100 
parts,  of  42*86  of  water  with  57*14  of  acid.  The  acid  itself  consists  of  2  atoms  of  carboa 
=  12,  -f  3  of  oxygen  =  24  ;  of  which  the  sum  is,  as  above  stated,  36.  This  acid  has  a 
sharp  sour  taste,  and  sets  the  teeth  on  edge ;  half  a  pint  of  water,  containing  only  1  gr.  of 
acid,  very  sensibly  reddens  litmus  paper.  Nine  parts  of  water  dissolve  one  part  of  the 
crystals  at  60^  F.  and  form  a  solution,  of  spec.  grav.  1*045,  which  when  swallowed  acts 
as  a  deadly  poison.  Alcohol  also  dissolves  this  acid.  It  difilers  from  all  the  other  add  pro- 
ducts of  the  vegetable  kingdom,  in  containing  no  hydrogen,  as  I  demonstrated  (in  my 
paper  upon  the  ultimate  analysis  of  organic  bodies,  published  in  the  Phil.  Trans,  for  1922), 
by  its  giving  out  no  muriatic  acid  gas,  when  heated  in%  glass  tube  with  calomel  or  cor- 
rosive sublimate. 

Oxalic  acid  is  employed  chieAy  for  certain  styles  of  discharge  in  calico-printing  (whiek 
tee),  and  for  whitening  the  leather  of  boot-tops.  Oxalate  of  ammonia  is  an  excellent  re- 
agent for  detecting  lime  and  its  salts  in  any  solution.  The  acid  itself,  or  the  bi-oxakta 
of  potash,  is  often  used  for  removing  ink  or  iron-mould  stains  from  linen. 

A  convenient  plan  of  testing  the  value  of  peroxyde  of  manganese  for  bleachers,  Itc, 
originally  proposed  by  Bertbier,  has  been  since  simplified  by  Dr.  Thomson,  as  follows. 
In  a  poised  Florence  flask  weigh  6<X)  grains  of  water,  and  75  grains  of  crystallized  oialie 


oxvuES.  an 

Mid ;  add  SO  gniot  of  the  nangineu,  Knd  as  qnieUr  w  poMihlc  •flerwardi  from  150  to 
300  grminii  of  caoccnlnted  lalphoric  acid.  Cover  the  mmth  of  the  flask  irith  paper,  and 
Iswe  il  at  rett  for  24  boon.  The  Ion  of  veifilit  it  bai  now  lafiered,  eorreapondt  eiaetl)' 
M  the  weight  of  peroijde  of  maaganeie  preseal ;  became  the  quanlil;  of  carbonic  acid 
iniaciUe  br  the  reaction  of  the  oialie  add  with  the  peraxyde,  is  preciiely  equal  10  (he 
Wi^t  oT  Ihe  peroxjde,  u  the  doctrine  of  chemical  equiTal«nt>  shows. 
(HCVDES  are  neatral  compoaodi,  contuning;  oxjgen  in  equiralcnl  proportion. 
OXYSELS  an  salts,  eonsUting  of  oijgenaled  acids  and  oxydei,  to  disiingnWi  ihm 
fca  the  HALO^UJ,  which  are  salts  consisting  of  one  of  the  archscal  elements ;  tneh  •• 
(kloriae,  iadiBC,  hromine,  kx.  combined  with  inrtala.    See  &u.t. 

OXTQEN  (Ozyglw,  Fr. ;  Smuriloff,  Gemu),  is  a  body  which  can  be  exnmined 
vij  in  the  gaseons  Ibnn ;  for  which  poipoee  il  is  most  conTenieallr  obtained  in  a  pore 
ttte  by  oipoaing  chlorate  of  potash,  or  red  oiyde  oT  mercarjr,  in  a  glass  retort,  or 
nmmd  tnbe,  to  the  heal  of  a  spirit  lamp ;  100  grains  of  the  talt  Tield  1 15  enbic  inches 
rfgas.  One  poond  of  nitre,  ignited  in  an  iron  retort,  givet  out  about  1200  cubic  inches 
<t  otjgca,  mixed  with  a  little  Mlrogen.  The  perojyde  of  manganese  aiw  aHbrds  it, 
aUei  bf  ifailioD  alone  in  an  iron  or  earthen  retort,  or  by  a  lamp  heat  in  a  glass  retort, 
vkeaBuied  with  solpburic  acid.  Oxygen  is  void  oflaile,  color,  and  smell.  11  possessea 
tHUMnechwiiCBl  properties  of  Ihe  almoaphere.  Its  specific  gravity  is  M026  compared 
istir  1-0000 ;  whence  100  cubic  inches  o(  it  weich  33-83  graioa.  Combaslibles,  gtcq 
ina  and  diamonds,  once  kindled,  burn  in  il  mosl  ipleni"  " 
utaar  of  air,  being  the  constituent  essential  to  Ihe  at 
HBal  and  Tcgetable  life,  as  well  as  flame. 

The  foil  development  of  this  subject  in  its  mullifarions  relations,  will  be  discussed  in 
■I  iMthcomiiu:  new  syslem  of  chemistry. 

OiTodAtxD-HiJUATtc,  and  Ojtmusiatic,  are  the  names  originally  given  by  Ihe 
fmch  *^— 'jfi'i  from  false  theoretical  notions,  lo  chlorine,  which  Sir  H.  Davy  proved  to 
It  il  udecomponnded  sobatance. 
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P. 
e  of  the  alloy  called  white  copper,  or  German 


wfaraly  with  any  mordant.    In  fig.  774,  i 


p  represents  in  secLion  a  cast  inn 
frame,  supporting  two  opposite 
standards  above  m,  in  whose  vertical 
slot  the  gudgeons  a  b,  of  two  copper 
or  bronze  cylinders  k  f,  run ;  Ihe 
gudgeons  d"  k  turn  upon  fixed 
brasses  or  plnmmer  blocks ;  but  ihe 
superior  cylinder  r  resls  upon  the 
tniface  tt  the  under  one,  uid  may 
be  pressed  down  upon  it  with 
greater  or  less  force  by  means  of 
the  weighted  lever  d  t  f  f,  whose 
centre  of  motion  is  at  d,  and  which 
beam  down  upon  the  axle  of  r. 
a.  is  the  roller  upon  which  the  piece* 
of  cotton  dolh  intended  to  be  pad- 
ded are  wound ;  aciera]  of  them 
being  stilchrd  endwice  together. 
They  receive  lennion  from  Ihe  ac- 
tioD  of  a  weighted  belt  0,  b,  which 
passes  round  a  pulley  n,  upon  Ihe 
end  of  Ihe  roller  e.  The  Iraugh  o, 
which  contains  the  coloring  mat- 
ter or  mordant,  resls  benealh  Ihe 
cylinder  npon  Ibe  laUe  l,  or  other 
Mfiport.  About  two  inches  above  the  bottom  of  the  tnni^,  there  is  ■ 
■WBCp-raUtf  c,  under  which  the  cloth  passes,  aAer  going  round  ihe  guide  roller  m. 
'       the  trough,  it  is  drawn  over  the  half-round  sltctcher-bM' at  ijgroovpd 
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obliqnclr  right  and  left,  u  (hown  at  h,  whercbjr  it  acqnim  ■  diTerging  exleaiiui 
fnHn  the  middle,  and  eotcn  irtlh  a  imooth  sarTaee  between  the  two  cylinden  i  r. 
Thete  ore  lapped  round  6  or  7  liinei  vilh  cotton  elolh,  to  soflen  and  eqiulize  Ihcir 
presanre.  The  piece  of  gooda  gtidea  obliqnely  apwanU,  in  eonloct  with  oncUiinltf 
tbe  cylinder  f,  and  ia  finailjr  mnind  about  the  uppennost  rnller  h.  The  gndgeoa  tf  ■ 
revolves  in  the  end  of  the  rtdiasA,k,  which  it  jointed  at  k,  andmoreaUe  t>f  amartiMiti 
along  the  quadrantat  arc  lowsrda  I,  ai  (he  roller  k  becomei  enlarged  bjr  the  ccMivolatioai 
of  the  web.  The  under  cylinder  e  receiTea  motion  hy  a  puller  or  rigger  apon  tti  op- 
poiite  end,  rrom  a  band  connected  with  the  driving-ahafl  of  the  prinlrii^.  To  tatim 
perrect  equability  in  the  application  of  the  mordant,  tbe  gooda  are  in  toue  wrala  p*ml 
twice  Ihrauih  the  trnnich;  the  pressure  being  increated  the  •eeond  lime  t>r  alidi^tte 
weight  g  lo  (he  end  of  Ihe  levei  df. 

A  view  of  a  paildini;  machine  in  couneiion  with  the  driring  mechaoiam  ii  givea  aaia 
Hot  Plue;  sec  also  Stakching  Machine. 

PAINT.    See  Rouge. 

PAINT^  URiNDING  OF.  There  are  many  pigments,  auch  aa  eeoddaa  «ni- 
meat,  or  king's  yellow,  and  venligtia,  which  are  slton;  poiians ;  othert  wbich  an  tor 
deleterious,  and  occasion  dreadful  maladies,  such  as  while  lead,  red  lead,  cbrome  ydiv*, 
and  Tccmilion ;  none  of  which  can  be  lafely  ground  by  band  with  (he  alab  tad  Milkr, 
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but  shonlit  always  be  Iritunited  in  a  mill.  The  emanations  of  white 
thai  dangerous  disease  the  coJtca  pidattun,  aAerwarda  poralyais,  or  prem 
and  lingering  death. 

Figi.  775, 776,  777, 778  exhibit  Ihe  conttraction  of  a  good  color-  mill  in  thr«e  ikn; 
Jig.  775  being  an  elevation  ahowa  ipca 
llie  siile  of  the  handle,  or  wboe  the 
power  is  applied  to  the  ahaR ;  jif .  TK 
a  gecand  elcration,  taken  upon  the  vie 
of  Ihe  line  r,  d,  of  the  plan  or  bifd'»«yc 
view,/g.  777, 

The  frame-work  A  a  oT  the  sitl  is 
made  of  wood  or  eatt  iiDn,  iMU/tl 
mortised  or  boiled  togMhs)  tat 
strengthened  by  the  two  cron  iroa  but 
B,  B.  Fig.  7TS  is  a  plan  tf  the  mill- 
■lones.  Thelying  or  nether  mOMaKC 
^g.776,is<.fc«sliroi. 
outs  upper  face  like  com  di 
i^Kxcd  upon  the  two  iron  ban  ^i; 
but  may  be  prrferably  inppofled  ipca 
the  3  poinls  of  adjustable  act«w«,  put 
ing  up  through  bearing-bats.  Tbe 
millstone  c  is  surrounded  by  a  laiga 
iron  hoop  n,  for  preventing  Uie  pasty- 
consistenced  color  IVom  running  ova 
the  edge.  II  can  escape  only  by  Ibt 
Hie  hoopj  and  ii  then  received  in  Ihe  tab  s  placed  ba- 


PALLADIUM.  923 

The  upper  or  moving  mlUstone  f,  is  also  made  of  cast  iron.  The  dotted  lines  indi- 
cate  its  shape.  In  the  centre  it  has  an  aperture  with  ledees  g,  g  ;  there  is  also  a  ledge 
upon  its  outer  circumference,  sufficiently  high  to  confine  the  color  which  may  oc- 
casionally accumulate  upon  its  surface.  An  upright  iron  shaA  h  passes  into  the  turning 
stone,  and  gives  motion  to  it.  A  horizontal  iron  bevel  wheel  k,  figt.  776,  777,  fur 
Dished  with  27  wooden  teeth,  is  fixed  upon  the  upper  end  of  the  upright  shaA  h.  A 
similar  bevel  wheel  l,  having  the  same  number  of  teeth,  is  placed  vertically  upon  the 
horizontal  iron  axis  m,  m,  and  works  into  the  wheel  k.  This  horizontal  axis  m,  m  bears, 
at  one  of  its  ends,  a  handle  or  winch  n,  by  which  the  workman  may  turn  the  millstone 
T ;  and  on  the  other  end  of  the  same  axis,  the  fly-wheel  o  is  made  fast,  which  serves 
to  regulate  the  movements  of  the  machine.  Upon  one  of  the  spokes  of  the  fly-wheel 
there  is  fixed,  in  like  manner,  a  handle  p,  which  may  serve  upon  occasion  for  turning 
the  mill.  This  handle  may  be  attached  at  any  convenient  distance  from  the  centre,  by 
means  of  the  slot  and  screw-nut  J.  ^ 

The  color  to  be  ground  is  put  into  the  hopper  r,  fliow  which  the  bucket  s  is  sus- 
pended, for  supplying  the  color  uniformly  through  the  orifice  in  the  millstone  g.  A 
cord  or  chain  t,  by  means  of  which  the  bucket  s  is  suspended  at  a  proper  height  for 
pouring  out  the  requisite  quantity  of  color  between  the  stones,  pulls  the  bucket  obliquely, 
and  maJces  its  beak  rest  against  the  square  upright  shaA  h.  By  this  means  the  bucket 
is  continually  agitated  in  such  a  way  as  to  discharge  more  or  less  color,  according  to  its 
degree  of  inclination.  The  copper  cistern  x,  receives  the  color  successively  as  it  is  ground ; 
and,  when  full,  it  may  be  carried  away  by  the  two  handles  z,  z ;  it  may  be  emptied  by  the 
stopcock  T,  without  removing  the  tub. 

PAINTS,  VITRIFIABLE.    See  Porcelain,  Pottery,  and  Stained  Glass. 

PALLADIUM,  a  rare  metal,  possessed  of  valuable  properties,  was  discovered  in  1803, 
by  Dr.  WoUaston,  in  native  platinum.  It  constitutes  about  1  per  cent,  of  the  Columbian 
ore,  and  from  j  to  1  per  cent,  of  the  Uralian  ore  of  this  metal ;  occurring  nearly  pnre  in 
loose  grains,  of  a  steel-gray  color,  passing  into  silver  while,  and  of  a  specific  gravity  of 
from  11*8  to  12*14;  also  as  an  alloy  with  gold  in  Brazil,  and  combined  with  selenium  in 
the  Harz  near  Tilkerode.  Into  the  nitro-muriatic  solution  of  native  platinum,  if  a  solu- 
tion of  cyanide  of  mercury  be  poured,  the  pale  yellow  cyanide  of  palladium  will  be  thrown 
down,  which  being  ignited  affords  the  metal.  This  is  the  ingenious  process  of  Dr.  Wol- 
laston.  The  palladium  present  in  the  Brazilian  gold  ore  may  be  readily  separated  as 
follows :  melt  the  ore  along  with  two  or  three  parts  of  silver,  granulate  the  alloy,  and  di- 
gest it  with  heat  in  nitric  acid  of  specific  gravity  1*3.  The  solution  containing  the  silver 
and  palladinm,  for  the  gold  does  not  dissolve,  being  treated  with  common  salt  or  muriatic 
acid,  will  part  with  all  its  silver  in  the  form  of  a  chloride.  The  supernatant  liquor  being 
concentrated  and  neutralized  with  ammonia,  will  yield  a  rose-colored  salt  in  long  silky 
crystals,  the  ammonia-muriate  of  palladium,  which  being  washed  in  ice-cold  water,  and 
ignited,  will  afford  40  per  cent,  of  metal. 

The  metal  obtained  by  this  process  is  purer  than  that  by  the  former ;  and  if  it  be 
fVised  in  a  crucible  along  with  borax,  by  the  heat  of  a  powerful  air-furnace  or  forge,  a 
button  of  malleable  and  ductile  palladium  will  be  produced.  When  a  slip  of  it  is 
heated  to  redness,  it  takes  a  bronze-blue  shade  of  greater  or  less  intensity,  as  the  slip  is 
cooled  more  or  less  slowly ;  but  if  it  be  suddenly  chilled,  as  by  plunging  it  into  water, 
it  resumes  instantly  its  white  lustre.  This  curious  phenomenon  depending  upon  oxydize- 
ment  and  de-oxydlzement,  in  different  circumstances,  serves  at  once  to  distinguish  palla- 
dinm At>m  platinum. 

Pore  palladium  resembles  platinum,  but  has  more  of  a  silver  hue ;  when  planished  by 
the  hammer  into  a  cup,  such  as  that  of  M.  Breant,  in  the  museum  of  the  Mint  at  Paris, 
it  is  a  splendid  steel- white  metal,  not  liable,  like  silver,  to  tarnish  in  the  air.  Another  cup 
made  by  M.  Breant,  weighing  2  lbs.  (1  kilogramme),  was  purchased  by  Charles  X.,  and 
is  DOW  in  the  garde-meuble  of  the  French  crown.  The  specific  gravity  of  this  metal,  when 
Ikminated,  is  stated  by  Dr.  Wollaston  at  11*8,  and  by  Vauquelin  at  12*1.  It  mplts  at 
fkom  150^  to  160°  Wedgewood ;  and  does  not  oxydize  at  a  white  heat.  When  a  drop  of 
tincture  of  iodine  is  let  fall  upon  the  surface  of  this  metal,  and  dissipated  over  a  lamp 
flame,  a  black  spot  remains,  which  does  not  happen  with  platinum.  A  slip  of  palladium 
lias  been  used  with  advantage  ta  inlay  the  limbs  of  astronomical  instruments,  where 
the  fine  graduated  lines  are  cut,  oecause  it  is  bright,  and  not  liable  to  alteration,  like 
sOrer. 

There  are  a  protoxyde  and  peroxyde  of  palladium.  The  proto-chloride  consists  of  60 
of  metal  and  40  of  chlorine ;  the  cyanide,  of  67  of  metal,  and  33  of  cyanogen. 

PALM  OIL  (Huile  de  palme,  Fr. ;    Palmdl,  Germ.),  is  obtained,  in   Guinea  and 
Gnyana,  by  expressing,  as  also  by  boiling,  the  fruit  of  the  avoira  tlaU.    It  has  an 
oiange  color,  a  smell  of  violets,  a  bland  taste,  is  lighter  than  water,  melts  at  84°  Fahr^ 
becomes  rancid  and  pale  by  exposure  to  air,  dissolves  in  boiling  alcohol,  and  consists  oi 
09  parts  of  deine,  and  31  of  stearine,  in  100.    It  is  employed  chiefly  for  making  yellow 
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Palm  oil,  gamfity  of, 


ln,p«l-i. 

R»,»dl««.m.F.i. 

Bn»t«L 

Vtar. 
183S. 
1836. 

IS37. 

260,151 
277,017 

22^29 

242,733 
234^7 
214,000 

Cwf. 

30^14 
34^79 

Doty,  U.  3d.  per  ewU 
R  CtnriNG.  Mr.  T. 

diiiuFr  macbine  over  healed  eyliiiders,  foi  the  purpmc  of  dijiag  il  eipeditiiHUlr,  ik  imib- 
lion  of  the  mode  so  long  ptacliscd  in  drying  calicoei,  obluned,  alon;  wilh  Eaoch  Bfjlla, 
another,  in  May,  1826,  for  culling  the  endless  neb  of  paper  leasthvUe,  by  rcmltin 
circular  b1iules,Gied  apon  a  roller,  parallel  loe  eyJindcr,  round  which  tliE  paper  ia  lappi^ 
•nd  progrcsBirelj  unwoand. 

A  patent  bad  been  obtained  tiro  months  before,  for  certain  iroproremnita  in  nUiif 
paper,  by  Mr.  Edward  Cowper,  consiilin)!  of  a  machine,  wilb  a  reel  on  which  the  wk 
of  paper  of  very  considerable  length  has  been  previously  wound,  in  the  ael  of  beiaf  nadl 
in  a  Fount rinier's  machine  ;  this  web  of  paper  being  of  mfficient  width  to  prodtiee  twg^ 
three,  or  more  sheets,  when  cat. 

The  several  operative  parts  of  the  machine  are  mounted  upon  St 
of  any  convenieul  form  or  dimensions,  and  cobeIsI  of  travelling  endlen  Upea  t( 
the  paper  over  and  Under  s  Series  of  guide  roUera ;  of  circulu'  rotatory  cntlen  for  Ika 
purpose  of  separating  the  web  of  pii|>er  into  strips  equal  to  the  widths  of  the  inteaiM 
(heels;  nnd  of  a  saW'.edged  knife,  which  is  made  to  slide  boriionlaUy  for  the  pnipoaerf 
■eparaling  the  strips  into  such  portiona  or  lengths  as  shall  bring  them  lo  the  dimcMiMi 
of  a  sheet  of  paper. 

The  ettd  of  the  web  of  paper  from  the  reel  a,  fig.  779,  it  first  conducted  up  an  jiiiImI 
plane  b  by  hoi,  ft 
s  then  tajcea  hoU  ¥ 


FatN 

which  see.  Tbeaeca^ 
leu  tapea  earry  te 
web  of  paper  t«  Un 
roller  c,  which  is  pnw- 
ed  agalnat  the  mOat 
by  weighted  laro^ 
acting  upon  the  ptia- 
mer  blodi*  that  fa 
axle  is  moonted  i*. 
The  leeond  ndler  i 
„  may  be  either  af 
O  wood  or  metal,  haviig 
tereral  groorea  Gicn- 
ed  roand  ita  petipbeij 
Ibr  the  piupoie  of  re- 
ceiving Ih  e  edges  of  tha 


slandanii  or  flame. 

In  order  lo  allow  the  web  of  paper  to  proceed  smoothly  between  the  two  roIleiB  c,  d,  a 
narrow  rib  of  leather  is  placed  round  the  edges  of  one  or  both  of  these  tollert,  fa  Ibl 
pDrpofe  of  leaving  a  free  space  between  them,  IhroMgti  which  the  paper  ntay  pMi  with- 
Dot  wrinlilin^. 

FttHD  Ihe  Ant  roUer  c,  the  endless  tapes  conduct  the  paper  over  the  second  d,  and  IfaM 
pderapressinf  roller/,in  which  progress  Ihe  edges  of  the  circular  knivca  (,  Teralviic  if 
Be  grooves  of  the  secondioller  J,  ent  the  webof  paperlongitodinally  inloatripatf  m'' 
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widths  as  may  be  required,  according  to  the  number  of  the  circular  cutters  and  distances 
between  them. 

The  strips  of  paper  proceed  onward  from  between  the  knife  roller  d  and  pressing  rol^ 
ler/,  conducted  by  tapes,  until  they  reach  a  fourth  roller  g,  when  they  are  allowed  to  descend, 
and  to  pass  through  the  apparatus  designed  to  cut  them  traAversely ;  that  is,  into  sheM 
lengths. 

The  apparatus  for  cutting  the  strips  into  sheets  is  a  slidins;:  knife,  placed  horizontally 
upon  a  frame  at  h,  which  frame,  with  the  knife  f,  is  moved  to  and  fro  by  a  jointed  rod  t,  con- 
nected to  a  crank  on  the  axle  of  the  puUey  k.  A  flat  board  or  plate  I  is  fixed  to  the  standard 
frame  in  an  upright  position,  across  the  entire  width  of  the  machine ;  and  this  boaid  or 
plate  has  a  groove  or  opening  cut  along  it  opposite  to  the  edge  of  the  knife.  The  paper 
descending  from  the  fourth  roller  g  passes  against  the  face  of  this  board,  and  as  the  carriage 
with  the  knife  advances,  two  small  blocks,  mounted  upon  rods  with  springs  m  th,  come 
against  the  paper,  and  hold  it  tight  to  the  board  or  plate  /,  while  the  edge  of  the  knife  is 
protruded  forwards  into  the  groove  of  that  board  or  plate,  and  its  sharp  saw-shaped  teeth 
passing  through  the  paper,  cut  one  row  of  sheets  from  the  descending  strips ;  which,  on 
the  withdrawing  of  the  blocks,  falls  down,  and  is  collected  on  the  heap  below. 

The  power  for  actuating  this  machine  is  applied  to  the  reverse  end  of  the  axle,  on  which 
the  pulley  k  is  fixed,  and  a  band  n,  n,  n,  i>,  passing  from  this  pulley  over  tension  wheels  o, 
drives  the  wheel  q  fixed  to  the  axle  of  the  knife  roller  d ;  hence  this  roller  receives  the 
rotatory  motion  which  causes  it  to  conduct  forward  the  web  of  paper,  but  the  other  rollers 
c  andy,  are  impelled  solely  by  the  friction  of  contact. 

The  rotation  of  the  crank  on  the  axle  of  ky  through  the  intervention  of  the  crank-rod  t, 
moiTes  the  carriage  h,  with  the  knife,  to  and  fro  at  certain  periods,  and  when  the  spring 
blocks  m  come  against  the  grooved  plate  /,  they  slide  their  guide  rods  into  them,  while  the 
knife  advances  to  sever  the  sheets  of  paper.  But  as  sheets  of  difTerent  dimensions  are 
oecasionally  required,  the  lengths  of  the  slips  delivered  between  each  return  of  the  knife 
are  to  be  regulated  by  enlarging  or  diminishing  the  diameter  of  the  pulley  k,  which  will  of 
coarse  retard  or  facilitate  the  rotation  of  the  three  conducting  rollers,  c,  (f,/,  and  cause  a 
greater  or  less  length  of  the  paper  to  descend  between  each  movement  of  the  knife  carriage. 

The  groove  of  this  pulley  fc,  which  is  susceptible  of  enlargement,  is  constructed  of 
wedge-formed  blocks  passed  through  its  sides,  and  meeting  each  other  in  opposite  direc- 
tions, so  that  on  drawing  out  the  wedges  a  short  distance,  the  diameter  of  the  pulley  be- 
comes diminished;  or  by  pushing  the  wedges  further  in,  the  diameter  is  increased ;  and  a 
tension  wheel  p  being  suspended  in  a  weighted  frame,  keeps  the  band  always  tight. 

As  it  is  necessary  that  the  paper  should  not  continue  descending  while  it  is  held  by  the 
blocks  niy  m  to  be  cut,  and  yet  that  it  should  be  led  on  progressively  over  the  knife  roller  d, 
the  fcnirth  roller  g,  which  hangs  in  a  lever  j,  is  made  to  rise  at  that  time,  so  as  to  take  up 
the  length  of  paper  delivered,  and  to  descend  ai?ain  when  the  paper  is  withdrawn.  This 
Is  effected  by  a  rod  r,  connected  to  the  crank  on  the  shaA  of  the  aforesaid  roller  k,  and  also 
to  the  under  part  of  the  lever/,  which  lever  hanging  loosely  upon  the  axle  of  the  knife 
roUer  dy  as  its  fulcrum,  vibrates  with  the  under  roller  g,  so  as  to  effect  the  object  in  the 
way  described. 

The  patentee  states  that  several  individual  parts  of  this  machine  are  not  new,  and  that 
some  of  them  are  to  be  found  included  in  the  specifications  of  other  persons,  such  as  the 
eircnlar  cutters  e,  which  are  employed  by  Mr.  Dickinson  (CARD-ctrrriNG),  and  the  horizon- 
tal catter  A,  by  Mr.  Hansard ;  he  therefore  claims  only  the  general  arrangement  of  the  parts 
in  the  form  of  a  machine  for  the  purpose  of  cutting  paper,  as  the  subject  of  his  invention. 

Tlie  machine  for  cutting  paper  contrived  by  John  Dickinson,  Esq.  of  Nash  Mill 
patented  in  January,  1829.    The  paper  is  wound  upon  a  cylindrical  roUer  a,  fig,  780, 


upon  an  axle,  supported  in  an  iron  frame  or  standard.    From  this  roller  the 
in  its  breadth  is  extended  over  a  conducting  drum  6,  also  mounted  upon  an  aile 
t^t^t^g  in  the  frame  or  standard,  and  aAer  passing  under  a  small  guide  roller,  it 
thrcnavh  a  pair  of  drawing  or  feeding  roUers  c,  which  carry  it  into  the  cutting 
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Upon  n  tib]eB,d,SrailrGxfd  to  the  floor  oTthc  building,  IhercuaKrie*  of  el 
knJTMt,  c,  e,  placed  si  »Dch  dislancei  apart  ai  the  dimensions  of  the  cnt  BheetidfiispsBt 
intended  to  be.  There  knivea  are  made  Tail  to  the  table,  and  againtt  tbem  a  aenet  rf 
ctixnlar  eutten /,/,/>  mounted  in  aawingins  fnuneg, ;,  are  intended  to  acL  Theln^ 
of  paper  bein^  brouEhl  bIo%  the  table  over  llie  edgei  of  the  knlTcc,  op  to  ■  Mop  k,  tk 
eatleis  are  then  iwun^  rorwardg,  and  by  pauinK  over  the  paper  agaiaat  the  •lalioaaq 
kBires,  (he  leni^lh  of  paper  become*  cut  into  three  ceparate  sheet*. 

The  frame f,|:,iThich.carrie<  the  circular  cuders/.X/'i  ha>>K*opc>n  averr  eleratedail^ 
in  order  thai  i(»  pendulous  svrin^  may  more  the  cntlers  aa  nearl;  in  a  horiionlal  line  m 
possible ;  and  il  is  maile  la  vihrale  to  and  fro  bjr  an  eccentric,  or  crank,  filed  apaa  i 
horiionlal  rolator}'  shnd  exiendin;  over  the  dnim  b,  eooaiderably  abore  it,  which  naj  k 
driven  by  any  convenienl  machinery. 

The  workmen  draw  the  paper  from  between  Ihe  roDen  F,and  bring  it  ap  to  the  ttafi, 
in  the  intervals  between  Ihe  passini;  to  and  fro  of  the  swing-cnller*. 

The  foUowini'  very  ingeaiaus  appamtas  for  catling  the  paper  web  traacTendy  iM* 
any  desired  lengths,  was  made  the  subject  of  a  patent  by  Hr.  EL  N.  Fotuiirinis,  ■ 
June,  1831,  and  has  since  been  performing  its  duty  well  in  many  eMabliahracnta. 

Fig.  7S1  is  an  eleration,  taken  upon  one  tide  ol  Ibe  machine  i  and  fig,  TBZ  i>  a  kap- 
ludinal  aeelion.  a,a,*fa, 
are  fonr  reels,  each  eont- 
ed  wilh  one  eonlinMM 
(heetorpapert  wkiehicdi 


i,i,b.  c,c,c.U  an  al- 
ia* weh  of  fell  ekAhpMi 
oTer  Ihe  rollera  d,i.i,i, 
which  is  kept  in  cIom  eoa- 
tact  with  Ihe  noder  lide  J 
the  dram  c,  t,  aeen  bol  it 
/«.782. 

The  f«*eml  panDd 
libera  of  paper  to  he  cR, 
being  passed  between  Ik* 
dmn  t,  and  the  CNUa* 
felt  e,  will  be  drawn  sff 
their  reapectire  rsds,sy 
fed  into  the  machine  when- 
ever  Ihe  driTiaf-band  is  dil 
from  the  looM  to  Ihefbl 
pnlley  npon  the  ead  of  Ik 
main  shaft  /.  BU  since 
Ihe  progrenire  adraneeif 
the  paper-weba  nasi  k 
arrested  doriag  the  ttmctf 
making  the  cnw«  nl 
through  it,  Ihe  foHowtHg 
apparatus  becomes  neces- 
sary. A  diac  g,  wkicb 
carries  Ihe  pin  or  stad  of  a 
crank  i,  is  made  fJuttoUx 
end  of  the  driving  sbaA  /. 
This  pin  is  lel  in  an  a^iail- 
able  sliding  piece,  wbick 
may  be  cooGned  by  a  sere* 
within  Ihe  heveUed  gi>- 
dnaled  sroore,  opon  ihe 
face  of  Ihe  disc  g,  at  vari- 
able dislancea  froiq  theai- 
is,  whereby  ihe  eccentricity  of  the  stud  i,  and  of  coarse  the  ihrow  of  Ihe  crank,  may  k 
considerably  varied.  1'lie  crank  Ftud  i,  is  conneclcd  by  its  rod  j,  to  the  swin^ng  enrrjliii- 
ear  rack  k,  which  takes  into  ihe  Loolhed  wheel  I,  thnl  [urns  freely  npon  Ihe  aile  of  Ik 


re  palls  a, 
of  the  dr 


work  in  Ihe  teeth  of  ihe  ereal  ralchel  whtel  o,  a,  moanled  upon  the  shaTl  of  the  drnm  «• 

The  crank-plale  g  being  driven   round  iu  Ihe  direction  of  its  arrow,  will  coouDBSt- 

cale  a  see-saw  movemenl  lo  the  toothed  arc  A:,  next  to  the  toothed  wheel  I  in  gearisi 

wilh  il,  and  an  oscillalory  motion  to  Ihe  aims  m,  m,  at  also  to  their  taimoiuiliBC  p*ll» 
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In  its  swing  to  the  lefl  hand,  the  catch  of  the  pall  will  slide  orer  the  slope  of  the  teeth 
of  the  ratchet  wheel  o ;  hot  in  its  return  to  the  right  hand,  it  will  lay  hold  of  these  teeth 
mod  pnll  them,  with  their  attached  drum,  round  a  part  of  a  revolution.  The  layers  of 
paper  in  close  contact  with  the  under  half  of  the  drum  will  he  thus  drawn  forward  at 
intervals,  from  the  reels,  by  the  friction  between  its  surface  and  the  endless  felt,  and  in 
lengths  corresponding  to  the  arc  of  vibration  of  the  pall.  The  knife  for  cutting  these 
lengths  transversely  is  brought  into  action  at  the  time  when  the  swing  arc  is  making  its 
inactive  stroke,  viz.,  when  it  is  sliding  to  the  leA  over  the  slopes  of  the  ratchet  teeth  o. 
The  extent  of  this  vibration  varies  according  to  the  distance  of  the  crank  stud  t,  from 
the  centre/,  of  the  plate  g,  because  that  distance  regulates  the  extent  of  the  oscillations 
of  the  curvilinear  rack,  and  that  of  the  rotation  of  the  drum  e,  by  which  the  paper  is  fed 
forwards  to  the  knife  apparatus.  The  proper  length  of  its  several  layers  being  by  the 
above  described  mechanism  carried  forward  over  the  bed  r  of  the  cutting  knife  or  shears 
r,  1^  whose  under  blade  r  is  fixed,  the  wiper  j,  in  its  revolution  with  the  shad/,  lids  the 
tail  of  the  lever  /,  consequently  depresses  the  transverse  moveable  blade  v  (as  shown  in 
fig.  783),  and  slides  the  slanting  blades  across  each  other  obliquely,  like  a  pair  of  scissors, 
to  as  to  canse  a  clean  cut  across  the  plies  of  paper.  But  just  before  the  shears  begin  to 
operate,  the  transverse  board  u  descends  to  press  the  paper  with  its  edge,  and  hold  it  fast 
upon  the  bed  r.  During  the  action  of  the  upper  blaide  v,  against  the  under  r,  the  fall 
board  u,  is  suspended  by  a  cord  passing  across  pulleys  from  the  arm  y  of  the  bell-crank 
lerer  /,  /.  Whenever  the  liAer  cam  «,  has  passed  away  from  the  tail  of  the  bell-crank  /, 
the  weight  z,  hung  upon  it,  will  cause  the  blade  v,  and  the  pinching  board  «,  to  be 
moved  up  out  of  the  way  of  the  next  length  of  paper,  which  is  regularly  brought  for- 
ward by  the  rotation  of  the  drum  e,  as  above  described.  The  upper  blade  of  the  shears 
is  not  set  parallel  to  the  shall  of  the  drum,  but  obliquely  to  it,  and  is,  moreover,  some- 
what curved,  so  as  to  close  its  edge  progressively  upon  that  of  the  fixed  blade.  The 
Made  v  may  also  be  set  between  two  guide  pieces,  and  have  the  necessary  motion  given 
to  it  by  levers. 

PAPER-HANGINGS,  called  more  properly  by  the  French,  papUra  ptinta.  The 
art  of  making  paper-hangings,  papur  de  ieniurty  has  been  copied  from  the  Chinese, 
among  whom  it  has  been  practised  from  time  immemorial.  The  English  first  imported 
and  bejiran  to  imitate  the  Chinese  paper-hangings ;  but  being  exposed  till  very  lately  to  a 
high  excise  duty  upon  the  manufacture,  they  have  not  carried  it  to  that  extent  and  pitch 
of  refinement  which  the  French  genius  has  been  enabled  to  do,  unchecked  by  taxation. 
The  first  method  of  making  this  paper  was  stencilling ;  by  laying  upon  it,  in  an  extended 
•tate,  a  piece  of  pasteboard  having  spaces  cut  out  of  various  figured  devices,  and  apply- 
ing dififerent  water  colors  with  the  brush.  Another  piece  of  pasteboard  with  other  pat- 
terns cnt  out  was  next  applied,  when  the  former  figures  were  dry,  and  new  designs  were 
thos  imparted.  By  a  series  of  such  operations,  a  tolerable  pattern  was  executed,  but 
with  no  little  labor  and  expense.  The  processes  of  the  calico  printer  were  next  resorted 
to,  in  which  engraved  blocks  of  the  pear  or  sycamore  were  employed  to  impress  the  col- 
ored designs. 

Paper-hangings  may  be  distinguished  into  two  classes;  1.  those  which  are  really 
painted,  and  which  are  designed  in  France  under  the  title  of  papiers  peinis,  with  bril- 
liant flowers  and  figures ;  and  2.  those  in  which  the  designs  are  formed  by  foreign  mat- 
ters applied  to  the  paper,  under  the  name  of  papier  tantisse,  or  flock  paper. 

The  operations  common  to  paper-hangings  of  both  kinds,  may  be  stated  as  follows : — 

1.  The  paper  should  be  well  sized. 

2.  The  edges  should  be  evenly  cut  by  an  apparatus  like  the  bookbinder's  press. 

3.  The  ends  of  each  of  the  24  sheets  which  form  a  piece,  should  be  nicely  pasted 
together;  or  a  Fourdrinier  web  of  paper  should  be  taken. 

4.  Laying  the  irrounds,  is  done  with  earthy  colors  or  colored  lakes  thickened  with 
size,  and  applied  with  brushes. 

An  expert  workman,  with  one  or  two  children,  can  lay  the  grounds  of  300  pieces  in  a 
day.  The  pieces  are  now  suspended  upon  poles  near  the  ceiling,  in  order  to  be  dried. 
They  are  then  rolled  op  and  carried  to  the  apartment  where  they  are  polished,  by  being 
laid  upon  a  smooth  table,  with  the  painted  side  undermost,  and  rubbed  with  the  polisher. 
Pieces  intended  to  be  satined,  are  grounded  with  fine  Paris  plaster,  instead  of  Spanish 
white ;  and  are  not  smoothed  with  a  brass  polisher,  but  with  a  hard  brush  attached  to 
the  lower  end  of  the  swing  polishing  rod.  AAer  spreading  the  piece  upon  the  table  with 
the  i?rounded  side  undermost,  the  paper-stainer  dusts  the  upper  surface  with  finely  pow- 
dered chalk  of  Brian<;on,  commonly  called  talc,  and  rubs  it  strongly  with  the  brush.  In 
this  way  the  satiny  lustre  is  produced. 

niE  PRINTINO  OPERATIOKS. 

Blocks  about  two  inches  thick,  formed  of  three  separate  boards  glued  together,  of 
which  two  are  made  of  poplar,  and  one  (that  which  is  engraved)  of  pear-tree  or  syca 
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more,  are  used  for  printing  paper-hangings,  as  for  calicoes.  The  grain  of  tht  vpfa 
layer  of  wood  should  be  laid  across  that  of  the  layer  below.  As  many  btodu  are  r^ 
quired  as  there  are  colors  and  shades  of  color.  To  make  the  figure  of  a  rose,  for  example^ 
three  several  reds  must  be  applied  in  succession,  the  one  deeper  than  the  other,  a  whjta 
for  the  clear  spaces,  two  and  sometimes  three  greens  for  the  leaves,  and  two  wood  eoion 
for  the  stems ;  altogether  from  9  to  12  for  a  rose.  Each  block  carries  HDftU  pin  pointo 
fixed  at  its  corners  to  guide  the  workman  in  the  insertion  of  the  figure  exactly  in  its  jdace. 
An  expert  hand  places  these  guide  pins  so  that  their  marks  are  covered  uid  conceaM 
by  the  impression  of  the  next  block ;  and  the  finished  piece  shows  merely  those  beloagiog 
to  the  first  and  last  blocks. 

In  printins,  the  workman  employs  the  same  isinmming4vb  apparatus  which  has  bea 
described  under  block  printing  (see  Calico-printing),  takes  ofii'  the  color  npoa  ktt 
blocks,  and  impresses  them  on  the  paper  extended  upon  a  table  in  the  very  same  way. 
The  tub  in  which  the  drum  or  frame  covered  with  calf-skin  is  inverted,  contains  sim^ 
water  thickened  with  parings  of  paper  from  the  bookbinder,  instead  of  the  pasty  mixtare 
employed  by  the  calico-printers.  In  impressing  the  color  by  the  block  upon  the  paper, 
he  employs  a  lever  of  the  second  kind,  to  increase  the  power  of  his  arm,  making  it  id 
upon  the  block  through  the  intervention  of  a  piece  of  wood,  shaped  like  the  bridge  cf  a 
violin.  This  tool  is  called  tatatau  by  the  French.  A  child  is  constantly  occnpied  is 
spreading  color  with  a  brush  upon  the  calf-skin  head  of  the  drum  or  sieve,  and  in  sUdisf 
ofi*  the  paper  upon  a  wooden  trestle  or  horse,  in  proportion  as  it  is  finished.  When  tin 
piece  has  received  one  set  of  colored  impressions,  the  workman,  assisted  by  his  little  aid, 
Cfdled  a  tireur  (drawer),  hooks  it  upon  the  drying-poles  under  the  cefling.  A  sufilcieBt 
number  of  pieces  should  be  provided  to  keep  the  printer  occupied  during  the  whole  at 
least  of  one  day,  so  that  they  will  be  dried  and  ready  to  receive  another  set  of  colored  im- 
pressions by  the  following  morning. 

All  the  colors  are  applied  in  the  same  manner,  every  shade  being  formed  by  means  of 
the  blocks,  which  determine  all  the  beauty  and  regularity  of  the  design.  A  pattern  dnw- 
er  of  taste  may  produce  a  very  beautiful  efiect.  The  history  of  Psyche  and  Cupid,  by  M. 
Dufour,  has  been  considered  a  masterpiece  in  this  art,  rivalling  the  productions  of  the 
pencil  in  the  gradation,  soAness,  and  brilliancy  of  the  tints. 

When  the  piece  is  completely  printed,  the  workman  looks  it  all  over,  and  if  there  be 
any  defects,  he  corrects  them  by  the  brush  or  pen^l,  applying  first  the  correction  of  one 
color,  and  aAerwards  of  the  rest. 

A  final  satining,  alter  the  colors  are  dried,  is  communicated  by  the  friction  of  a  find; 
polished  brass  roller,  attached  by  its  end  gudgeons  to  the  lower  extremity  of  a  loag 
swing-frame ;  and  acting  along  the  cylindrical  surface  of  a  smooth  table,  upon  which  t^ 
paper  is  spread. 

The  fbndu  or  rainbow  style  of  paper-hangings,  which  I  have  referred  to  this  place  in 

the  article  Calico-printing,  is  produced  by  means  of  an  assortment  of  oblong  narrow 

tin  pans,  fixed  in  a  frame,  close  side  to  side,  each  being  about  one  inch  wide,  two  inchef 

deep,  and  eight  inches  long ;  the  colors  of  the  prismatic  spectrum,  red,  orange,  yellow, 

green,  &c.,  are  put,  in  a  liquid  state,  successively  in  these  pans ;   so  that  when  the 

oblong  brush  A,  b,  with  guide  ledges  a,  c,  d,  is  dipped  into  them  across  the  whole  of  the 

734  parallel  row  at  once,  it  comes  out  impressed  with  the  different  colon 

^frr~f~fjT^      at  successive  points  e,  e,  e,  e,  of  its  length,  and  is  then  drawn  by  the 

V^'jBftsfm '       paper-stainer  over  the  face  of  the  woollen  drum  head,  or  sieve  of  the 

*    •  •    •  swimming  tub,  upon  which  it  leaves  a  corresponding  series  of  stripes 

in  colors,  graduating  into  one  another  like  those  of  the  prismatic  spectrum.     By  applying 

his  block  to  the  tear,  the  workman  takes  up  the  color  in  rainbow  hues,  and  transfers  these 

to  the  paper.    fif,f,f  show  the  separate  brushes  in  tin  sheaths,  set  in  one  frame. 

At  M.  Zuber's  magnificent  establishment  in  the  ancient  ch&teau  of  Rizheim,  near 
Mulhouse,  where  the  most  beatiful  French  papiers  peint*  are  produced,  and  where  I 
was  informed  that  no  less  than  3000  blocks  arc  required  for  one  pattern,  I  saw  a  two- 
color  calico  machine  employed  with  great  advantage,  both  as  to  taste  and  expeditioai 
Steam-charged  cylinders  were  used  to  dry  the  paper  immediately  after  it  was  printed,  as 
the  colors,  not  being  so  rapidly  absorbed  as  they  are  by  calico,  would  be  very  apt  to 
spread. 

The  operations  employed  fbr  common  paper-hangings,  are  also  used  for  making  flock 
paper,  only  a  stronger  size  is  necessary  for  the  ground.  The  flocks  are  obtained  frail 
the  woollen  cloth  manufacturers,  being  cut  ofl"  by  their  shearing  machines,  called  kwim 
by  the  English  workmen,  and  are  preferred  in  a  white  state  by  the  French  paper-haBgaf 
makers,  who  scour  them  well,  and  dye  them  of  the  proper  colors  themselves.  WhcB 
they  ore  thoroughly  stove-dried,  they  are  put  into  a  conical  fluted  mill,  like  that  for 
making  snuflT,  and  are  properly  ground.  The  powder  thus  obtained  is  afterwards  sift- 
ad  by  a  bolting-machine,  like  that  of  the  flour  mill,  whereby  flocks  of  dififerent  degrees 
of  fineness  are  produced.    These  are  applied  to  the  paper  after  it  has  nndagone  aO  Ifct 
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tisual  printiiig  operations.  Upon  the  workman's  left  hand,  and  in  a  line  with  his  print- 
ing table,  a  large  chest  is  placed  for  receiving  the  flopk  powders  :  it  is  seven  or  eig^t 
feet  long,  two  feet  wide  at  the  bottom,  three  feet  and  a  half  at  top,  and  from  15  to  18 
inches  deep.  It  has  a  hinged  lid.  Its  bottom  is  made  of  tense  calf-skin.  This  chest  is 
«alled  the  drum ;  it  rests  upon  fonr  strong  feet,  so  as  to  stand  from  24  to  28  inches  above 
the  floor. 

The  block  which  serves  to  apply  the  adhesive  basis  of  the  velvet-powders,  bears  in 
relief  only  the  pattern  corresponding  to  that  basis,  which  is  formed  with  linseed  oil,  ren- 
dered drying  by  being  boiled  with  litharge,  and  afterwards  ground  up  with  white  lead. 
The  French  workmen  call  this  mordant  the  encaustic.  It  is  pat  upon  the  cloth  which 
covers  the  inverted  swimming  tub,  in  the  same  way  as  the  common  colors  are,  and  is 
apread  with  a  brush  by  the  tireur  (corruptly  styled  tearer  by  some  English  writers).  The 
workman  daubs  the  blocks  upon  the  mordant,  spreads  the  pigment  even  with  a  kind  of 
brush,  and  then  applies  it  by  impression  to  the  paper.  Whenever  a  sufficient  surface  of 
fhe  paper  has  been  thus  covered,  the  child  draws  it  along  into  the  great  chest,  sprinkling 
Che  flock  powder  over  it  with  his  hands ;  and  when  a  length  of  7  feet  is  printed,  he  covers 
it  up  within  the  drum,  and  beats  upon  the  calf-skin  bottom  with  a  couple  of  rods  to  raise 
a  cloud  of  flock  inside,  and  to  make  it  cover  the  prepared  portion  of  the  paper  uniformly. 
He  now  lifts  the  lid  of  the  chest,  inverts  the  paper,  and  beats  its  back  lightly,  in  order  to 
detach  all  the  loose  particles  of  the  woolly  powder. 

By  the  operation  just  described,  the  velvet-down  being  applied  'everywhere  of  the 
same  color,  would  not  be  agreeable  to  the  eye,  if  shades  could  not  be  introduced  to 
relieve  the  pattern.  To  give  the  effect  of  drapery,  for  example,  the  appearance  of  folds 
must  be  introduced.  For  this  purpose,  when  the  piece  is  perfectly  dry,  the  workman 
stretches  it  upon  his  table,  and  by  the  guidance  of  the  pins  in  his  blocks,  he  applies  to 
the  flock  surface  a  color  in  distemper,  of  a  deep  tint,  suited  to  the  intended  shades,  so 
that  he  dyes  the  wool  in  its  place.  Light  shades  are  produced  by  applying  some  of  his 
lighter  water-colors. 

Gold  leaf  is  applied  upon  the  above  mordant,  when  nearly  dry ;  which  then  forms  a 
proper  gold  size ;  and  the  same  method  of  application  is  resorted  to,  as  for  the  ordinary 
gilding  of  wood.  When  the  size  has  become  perfectly  hard,  the  superfluous  gold  leaf 
is  brushed  off  with  a  dossil  of  cotton  wool  or  fine  linen. 

The  colors  used  by  the  paper-hangers  are  the  following : — 

1.  Whites^    These  are  either  white-lead,  good  whitening,  or  a  mixture  of  the  two. 

2.  Yellowt.  These  are  frequently  vegetable  extratts ;  as  those  of  weld,  or  of  Avignon 
or  Persian  berries,  and  are  made  by  boiling  the  substances  with  water.  Chrome  yellow 
is  also  frequently  used,  as  well  as  the  terra  di  Sienna  and  yellow  ochre. 

3.  Red*  are  almost  exclusively  decoctions  of  Brazil  wood. 

4.  Blues  are  either  Prussian  blue,  or  blue  verditer. 

0.  Greens  are  Scheele's  green,  a  combination  of  arsenious  acid,  and  oxyde  of  copper ; 
the  green  of  Schweinfurth,  or  green  verditer ;  as  also  a  mixture  of  blues  and  yellows. 

6.  Vioiets  are  produced  by  a  mixture  of  blue  and  red  in  various  proportions,  or  they 
may  be  obtained  directly  by  mixing  a  decoction  of  logwood  with  alum. 

7.  Brownsy  blacks,  and  grays.  Umber  furnishes  the  brown  tints.  Blacks  are  either 
common  ivory  or  Frankfort  black ;  and  grays  are  formed  by  mixtures  of  Prussian  blue 
and  Spanish  white. 

All  the  colors  are  rendered  adhesive  and  consistent,  by  being  worked  up  with  gelatinous 
size  or  a  weak  solution  of  glue,  liquefied  in  a  kettle.  Many  of  the  colors  are  previously 
thickened,  however,  with    starch.      Sometimes    colored    lakes    are  employed.      See 


PAPER,  MANUFACTURE  OF.  (PapeteriCy  Fr. ;  Papiermackerkunst,  Germ.) 
This  most  useful  substance,  which  has  procured  for  the  modems  an  incalculable  advantage 
over  the  ancients,  in  the  means  of  diffusing  and  perpetuating  knowledge,  seems  to  have 
been  first  invented  in  China,  about  the  commencement  of  the  Christian  era,  and  was 
thence  brought  to  Mecca,  along  with  the  article  itself,  about  the  beginning  of  the  8th 
century ;  whence  the  Arabs  carried  it,  in  their  rapid  career  of  conquest  and  colonization, 
to  the  coasts  of  Barbary,  and  into  Spain,  about  the  end  of  the  9th  or  beginning  of  the 
lOth  century. 

By  other  accounts,  this  art  originated  in  Greece,  where  it  was  first  made  from 
cotton^  fibres,  in  the  course  of  the  tenth  century,  and  continued  there  in  common  use  during 
the  next  three  hundred  years.  It  was  not  till  the  beginning  of  the  14th  century 
that  paper  was  made  from  linen  in  Europe,  by  the  establishment  of  a  paper-mill  in 
1390,  at  Nuremberg  in  Germany.  The  first  English  paper-mill  was  erected  at  Dart- 
foni  by  a  German  jeweller  in  the  service  of  Queen  Elizabeth,  about  the  year  1688. 
But  the  business  was  not  very  successful ;  in  consequence  of  which,  for  a  long  period 
tfterwards,  indeed  till  within  the  last  70  years,  this  country  derived  its  supplies  of  fine 
writiiig  papen  fiom  France  and  Holland.     Nothmg  places  in  a  more  striking  light  the 
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TUl  iinprotenienl  which  has  Islcen  pliice  in  >11  the  mnhaniea}  >i1>  of  Enf  land  aittt  ttr 
era  oJ'  Arkniiehl,  than  (be  condilion  of  our  paper-machine  faelorin  now,  cuDpind 
wilh  those  on  Ihe  Continenl.  Almosl  every  Rood  aulomatic  paper  mechaniun  at  piesol 
moDnted  in  Fiance,  Germanf,  Belgintn,  Italf,  Ruisia,  Sn-eden,  and  Ihe  United  Slato, 
has  eilhpr  been  made  in  Great  Britain,  and  exported  to  these  coanlriei,  co*  has  been  na- 
almcted  in  Ihem  clofety  upon  the  Enelieh  models. 

Till  within  the  last  30  yesrr,  the  linen  and  hempen  rairs  from  vhich  paper  wai  midc, 
were  reduced  to  the  party  Ftntc  of  comininulion  requisite  for  this  tnanofaetDie  if 
moshin;  Ihetn  with  water,  and  sellina:  the  miiture  to  ferment  for  many  daye  in  doM 
veslels,  whereby  (hey  nnderwcnl  in  reality  a  species  of  putrernclion.  Ilia  easy  to  ne 
(hsl  the  oi^anie  structure  of  the  fibret  would  \k  thus  unneceacarily  altered,  nay,  freqncitlT 
destroyed.  The  ncit  method  employed,  was  to  bent  (he  ra(r<  inio  a  pulp  by  stanpint 
n>ds,  shod  with  iron,  working  in  slroDR  oalc  mortars,  and  moved  by  water-wheel  ma. 
chinery.  So  rude  and  inetibelive  nas  (he  ap|<aia(us,  that  forty  pairs  of  slamps  vrrt 
required  to  operate  a  niahl  and  a  day,  in  preparing  one  hundred  weiehl  of  rags.  The 
pulp  or  paste  was  then  diffused  (hrouzh  water,  and  made  into  paper  by  methods  similit 
to  (hose  still  practised  in  Ihe  small  hand-mills. 

About  the  middle  of  the  last  cen(ury,  the  cylinder  oi  eneine  mode,  as  it  is  called,  of 
comminutine  nis  into  l<aper  pulp,  was  invented  in  Holland  ;  which  was  soon  aflerntdi 
adopted  in  France,  and  at  a  Inter  period  in  Enlland. 

The  first  step  in  the  paper  manulaclure,  is  the  sorting  of  the  rags  into  Ibar  or  fin 
qualities.  They  are  imported  inia  this  country  chiefly  from  Germany,  and  (he  poils<^ 
the  Mediterranean.  At  the  mill  Ihey  are  sorted  n^-ain  more  carefully,  and  cnl  iits 
shreds  by  women.  For  this  purpose  n  table  frnme  is  covered  at  lop  with  wire  cloth, 
containing  about  nine  meshes  to  (he  square  inch.  To  this  rrame  a  long  steel  Made  it 
attached  in  a  slonling  position,  against  whose  sharp  edee  the  ra^  arc  cnt  into  tqntra 
or  Ullets,  after  having  their  dust  Ihnrouuhly  shaken  out  through  the  wire  cloth.  Each 
piece  of  rai;  is  thrown  into  a  certain  comparttnent  of  a  box,  acCDrdinR  to  ita  finenes!; 
■even  or  eight  sorts  being  dislii^uished-    An  active  woman  cao  cut  and  Mitl  nearly  one 

The  sorted  rags  are  next  dusted  in  a  revolving;  cylinder  surrounded  wilh  wire  elotk, 
about  six  feet  long,  and  four  feet  in  diameter,  having  spokes  about  SO  inches  lonir,  attaehed 
at  right  angles  to  its  axis.  These  prevent  (he  rai^  from  being  carried  lonnd  with  tk 
case,  and  beat  them  during:  it*  rolalion ;  so  that  in  half  an  hour,  being  pretty  clean,  thcj 
are  taken  out  by  the  side  door  of  .the  cylinder,  and  transferred  to  the  engine,  to  be  im 
washed,  and  next  reduced  into  a  pnlp.  For  fine  poper,  they  should  be  previoosly  boihd 
fbr  some  time  in  a  caoslic  lev,  to  cleanse  and  separate  their  filaments. 
The  construction  uf  the  j(ti^-<TigiM  is  represented  in^g..  785, 7S6.  Fig.  785  is  Ihe  loa- 
gitudinal  section,  and  fit. 
786  (he  plan  of  (he  enmit. 
The  large  vat  is  an  ob1«( 
cistern  ronnded  at  the  u- 
gles.  Itisdivfdedbythepar- 
tition  b,  b,  and  (be  whole  m- 
Fide  is  liaed  with  )etd.  The 
cylinder  c,  is  made  Ikst  (o 
the  spindle  d,  which  extendi 
across  the  engine,  and  ii  pat 
in  motion  by  the  pinion  f, 
fixed  to  its  extremity.  The 
cylinder  is  made  tk  wood, 
and  furnished  with  a  num- 
ber of  blade*  or  cutters, 
secured  to  its  drcnnfrr- 
enee,  parallel  to  the  axis, 
and  projeeting  about  an 
inch  above  its  surfaee. 
Immedia(ely  beneath  Ihe 
cylinder  a  block  of  wood  k 
is  placed.  This  is  nonnted 
with  euttere  like  (hose  of 
the  cylinder,  which  in  their 
must  not  touch  it.  The  di*- 
ipnble  of  adjustment  by  elevating  of 
of  the  shaft  are  sopponed.  These 
at  their  ends,  fitted  into  upright 
"'""""■         "~  esdef 


J'^ 
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Kvtdiiliott  past  very  near  to  (he  teeth  of  the  block, 

taoee  between  these  fixed  and  moving  blades  is 

depressing  the  hearings  upon  which  the  necks  i 

Itearings  rest  upon  two  levers  g,  e,  which  have 

BMtbet,  made  in  ihort  beams  h.  A,  bolted  to  the  ndes  of  the  enginel    Tba 
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the  levers  g,  g,  is  moveable,  while  the  other  end  is  adapted  to  rise  and  fall  upon  bolts 
in  the  beams  h,  A,  as  centres.  The  front  lever,  or  that  nearest  to  the  cylinder  c,  is  capa- 
ble of  being  elevated  or  depressed,  by  turning  the  handle  of  a  screw  (not  seen  in  this 
view),  which  acts  in  a  nut  fixed  to  the  tenon  of  g,  and  comes  up  through  the  top  of  the 
beam  A,  upon  which  the  head  of  the  screw  takes  its  bearing.  Two  brasses  are  let  into 
the  middle  of  the  levers  g,  g,  and  form  the  bearings  for  the  shafl  of  the  engine  to  turn 
upon.  The  above-mentioned  vertical  screw  is  used  to  raise  or  lower  the  cylinder,  and 
cause  it  to  cut  coarser  or  finer,  by  enlarging  or  diminishing  the  space  between  the  fixed 
cutters  in  the  block  and  those  in  the  cylinder. 

To  the  left  hand  of  Lfig*  785,  is  a  circular  breasting  made  of  boards,  and  covered  with 
sheet  lead ;  it  is  curved  to  fit  the  cylinder  very  truly,  and  leaves  but  very  little  space  be- 
tween the  teeth  and  breasting ;  at  its  bottom,  the  block  k  is  fixed.  The  engine  is  supplied 
with  water  from  a  pump,  by  a  pipe,  which  delivers  it  into  a  small  cistern,  near  to  and 
communicating  with  the  engine.  A  stopcock  cuts  ofi'or  regulates  the  supply  of  water  at 
pleasure,  and  a  grating  covered  with  hair-cloth  is  fixed  across  that  small  cistern,  to  inter- 
cept any  filth  that  may  be  floating  in  the  water ;  in  other  cases  a  flannel  bag  is  tied  round 
the  nose  of  the  stopcock,  to  act  as  a  filter. 

The  rags  being  put  into  the  engine  filled  with  water,  are  drawn  by  the  rapid  rotation 
of  the  cylinder  between  the  two  sets  of  cutters,  whereby  they  are  torn  into  the  finest  fila- 
ments, and  by  the  impulsion  of  the  cylinder  they  are  floated  over  the  top  of  the  breasting 
upon  the  inclined  plane.  In  a  short  time  more  rags  and  water  are  raised  into  that  part 
of  the  engine  vat.  The  tendency  in  the  liquid  to  maintain  an  equilibrium,  puts  the  whole 
contents  of  the  cistern  in  slow  motion  down  the  inclined  plane,  to  the  led  hand  of  t,  and 
round  the  partition  b,  b,  (see  the  arrow),  whereby  the  rags  come  to  the  cylinder  again  M 
the  space  of  about  20  minutes ;  so  that  they  are  repeatedly  drawn  out  and  separated  in 
all  directions  till  they  are  reduced  to  the  appearance  of  a  pulp. 

This  circulation  is  particularly  useful,  by  turning  over  the  rags  in  the  engine,  causing 
them  to  be  presented  to  the  cutter  at  diflferent  angles  every  time ;  otherwise,  as  the 
blades  always  act  in  one  direction,  the  comminution  would  not  be  so  complete.  The 
catting  is  performed  as  follows :  The  teeth  of  the  block  are  set  somewhat  obliquely  to 
the  axes  of  the  cylinder,  as  shown  hy  fig,  787 ;  but  the  teeth  of  the  cylinder  c  itself  are  set 
787  parallel  to  its  axis ;  therefore  the  cutting  edges  meet  at  a 

small  angle,  and  come  in  contact,  first  at  the  one  end,  and 
then  towards  the  other,  by  successive  degrees,  so  that  any 
rags  coming  between  them,  are  torn  as  if  between  the  blades 
of  a  pair  of  forceps.  Sometimes  the  blades  k  in  the  block  are 
bent  to  an  angle  in  the  middle,  instead  of  being  straight  and 
inclined  to  the  cylinder.  These  are  called  elbow  plates ;  their 
two  ends  being  inclined  in  opposite  directions  to  the  axis  of  the  cylinder.  In  either  case, 
the  edges  of  the  plates  of  the  block  cannot  be  straight  lines,  but  must  be  curved,  to  adapt 
themselves  to  the  curve  which  a  line  traced  on  the  cylinder  will  necessarily  have.  The 
plates  or  blades  are  united  by  screwing  them  tosjether,  and  fitting  them  into  a  cavity  cut 
into  the  wooden  block  k.    Their  edges  are  bevelled  away  upon  one  side  only. 

The  block  is  fixed  in  its  place  by  being  made  dovetailed,  and  truly  fitted  into  the  bottom 
of  the  cistern,  so  that  the  water  will  not  leak  through  its  junction.  The  end  of  it  comes 
through  the  woodwork  of  the  chest,  and  projects  to  a  small  distance  on  its  outside,  being 
kept  in  its  place  by  a  wedge.  By  withdrawing  this  wedge,  the  block  becomes  loose,  and 
can  be  rempved  in  order  to  sharpen  the  cutters,  as  occasion  may  be.  This  is  done  at  a 
grindstone,  aAer  detach in<?  the  plates  from  each  other. 

The  cutters  of  the  cylinder  are  fixed  into  grooves,  cut  in  the  wood  of  the  cylinder, 
at  equal  distances  asunder,  round  its  periphery,  in  a  directiop  parallel  to  its  axis.  The 
number  of  these  grooves  is  twenty,  in  the  machine  here  represente<l.  For  the  washer,  each 
groove  has  two  cutters  put  into  it ;  then  a  fillet  of  wood  is  driven  fast  in  between  them, 
to  hold  them  firm ;  and  the  fillets  are  secured  by  spikes  driven  into  the  solid  wood  of  the 
cylinder.  The  beater  is  made  in  the  same  manner,  except  that  each  groove  contains  three 
bars  and  two  fillets. 

la  the  operation  of  the  cylinder,  it  is  necessary  that  it  should  be  enclosed  in  a  case, 
or  it  would  throw  all  the  water  and  rags  out  of  the  engine,  in  consequence  of  its  great 
velocity.  This  case  is  a  wooden  box  m,  m,  fig.  785,  enclosed  on  every  side  except  the 
bottom ;  one  side  of  it  rests  upon  the  edge  of  the  vat,  and  the  other  upon  the  edge  of  the 
partition  6,  6,  fig,  786.  The  diagonal  lines  m,  r,  represent  the  edges  of  wooden  frames, 
which  are  covered  with  hair  or  wire-cloth,  and  immediately  behind  these  the  box  is  furnished 
with  a  bottom  and  a  ledge  towards  the  cylinder,  so  as  to  form  a  complete  trough.  The 
square  figures  under  n,  n,  in  fig.  785,  show  the  situation  of  two  openings  or  spouts 
tlirough  the  side  of  the  case,  which  conduct  to  flat  lead-pipes,  one  of  which  is  seen 
near  Uie  upper  g  mfig.  786,  placed  by  the  side  of  the  vat ;  the  beam  being  cut  away  from  • 
them.    These-  are  wast^  pipes  to  discharge  the  foul  water  from  the  engine ;  because  the 
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cylinder,  as  it  turns,  throws  a  great  quantity  of  water  and  rags  op  against  the  neres; 
the  water  goes  through  them,  and  runs  down  to  the  trough  under  n, «,  and  thence 
into  the  ends  of  the  fiat  leaden  pipes,  through  which  it  is  discharged,  o,  o^fif.  785, 
are  grooves  for  two  boards,  which,  when  put  down  in  their  places,  coyer  the  hair 
aeves,  and  stop  the  water  from  going  through  them,  should  it  be  required  in  the 
engine.  This  is  always  the  case  in  the  beating  engines,  and  therefore  they  are  seldoB 
provided  with  these  waste  pipes,  or  at  most  on  one  side  only ;  the  other  side  of  the  eo?er 
being  curved  to  conform  to  the  cylinder.  Except  this,  Uie  only  difference  between 
the  washing  engine  and  the  beater,  is  that  the  teeth  of  the  latter  are  finer,  there  being 
60  instead  of  40  blades  in  the  periphery ;  and  it  revolves  quicker  than  the  washer,  so  that 
it  will  tear  oat  and  comminute  those  particles  which  pass  through  the  teeth  of  the  washer. 
In  small  mills,  when  the  supply  of  water  is  limited,  there  is  frequently  but  one  engine, 
which  may  be  used  both  for  washing  and  beating,  by  adjusting  the  screw  so  as  to  M  the 
cylinder  down  and  make  its  teeth  work  finer.  But  the  s}'stem  in  all  considerable  woiks, 
is  to  have  two  engines  at  least,  or  four  if  the  supply  of  water  be  great.  The  power  i«> 
quired  for  a  5  or  6  vat  mill,  is  about  20  horses  in  a  water-wheel  or  steam  engine. 

In  the  above  figures  only  one  engine  is  sho\('n,  namely,  the  finisher ;  there  is  an- 
other,  quite  similar,  placed  at  its  end,  but  on  a  level  with  its  surface,  which  is  caDed  the 
washer,  in  which  the  rags  are  first  worked  coarsely  with  a  stream  of  water,  mnninjr 
through  them  to  wash  and  open  their  fibres ;  aAer  this  washing  they  are  called  h^/' 
ttuff,  and  are  then  let  down  into  the  bleaching  engine,  and  next  into  the  beatimg  engisf, 
above  described. 

By  the  arrangements  of  the  mill  gearing,  the  two  cylinders  of  the  wather  and  heater 
engines  make  from  120  to  150  revolutions  per  minute,  when  the  water-wheel  moves  with 
due  velocity.  The  beating  engine  is  always  made  to  move,  however,  much  faster  than 
the  washing  one,  and  nearly  in  the  ratio  of  the  above  numbers. 

The  vibratory  noise  of  a  washing  engine  is  very  great ;  for  when  it  revolves  120  times 
per  minute,  and  has  40  teeth,  each  of  which  passes  by  12  or  14  teeth  in  the  block  at  ever) 
revolution,  it  will  make  nearly  60,000  cuts  in  a  minute,  each  of  them  sufficiently  loud  to 
produce  a  most  grating  growling  sound.  As  the  beater  revolves  quicker,  having  perhaps 
60  teeth,  instead  of  40,  and  20  or  24  cutters  in  the  block,  it  will  make  180,000  cuts  in  a 
minute.  This  astonishing  rapidity  produces  a  coarse  musical  humming,  which  may  be 
heard  at  a  great  distance  from  the  mill.  From  this  statement,  we  mu%  easily  understand 
how  a  modem  engine  is  able  to  turn  out  a  vastly  greater  quantity  of  paper  pulp  in  a  day 
than  an  old  mortar  machine. 

The  operation  of  grinding  the  rags  requires  nice  management.  When  first  put 
mto  the  washinr  engine  they  should  be  worked  gently,  so  as  not  to  be  cut,  bat  only 
powerfully  scrubbed,  in  order  to  enable  the  water  to  carry  off  the  impurities.  This 
efiect  is  obtained  by  raising  the  cylinder  upon  its  shaf^,  so  that  its  teeth  are  separated 
considerably  from  those  of  the  block.  When  the  rags  ore  comminuted  too  much  in  the 
washer,  they  would  be  apt  to  be  carried  off  in  part  with  the  stream,  and  be  lost ;  for  at 
this  time  the  water-cock  is  fully  open.  AAcr  washing  in  this  way  for  20  or  30  minutes, 
the  bearings  of  the  cylinder  are  lowered,  so  that  its  weight  rests  upon  the  cutters.  Now 
the  supply  of  ^vater  is  reduced,  and  the  rags  begin  to  be  torn,  at  first  with  considerable 
agitation  of  the  mass,  and  stress  upon  the  machinery.  In  about  three  or  four  boors, 
the  engine  comes  to  work  very  smoothly,  because  it  has  by  this  time  reduced  the  rags  to 
the  state  o(  half -stuff.  They  are  then  discharged  into  a  large  basket,  through  v^ich  the 
water  drains  away.  * 

The  bleaching  is  usually  performed  upon  the  half-stuff.  At  the  celebrated  maou- 
factory  of  Messrs.  Montgolfier,  at  Annonay,  near  Lyons,  chlorine  gas  is  employed 
for  this  purpose  with  the  best  effect  upon  the  paper,  since  no  lime  or  muriate  of  lune 
can  be  thus  left  in  it ;  a  circumstance  which  oflcn  happens  to  English  paper,  bleached 
in  the  washing  engine  by  the  introduction  of  chloride  of  lime  among  the  rags,  after 
they  have  been  well  washed  for  three  or  four  hours  by  the  rotation  of  the  engine.  The 
current  of  wafer  is  stopped  whenever  the  chloride  of  lime  is  put  in.  From  1  to  2 
pounds  of  that  chemical  compound  are  sufficient  to  bleach  1  cwt.  of  fine  rags,  bat  more 
must  be  employed  for  the  coarser  and  darker  colored.  During  the  bleaching  oper^ 
ation  the  two  sliders  o,  o^fig.  785,  are  put  down  in  the  cover  of  the  cylinder,  to  prevent 
the  water  getting  away.  The  engine  must  be  worked  an  hour  longer  with  the  ghlwide 
of  lime,  to  promote  its  uniform  operation  upon  the  rags/  The  cylinder  is  usually 
raised  a  little  during  this  period,  as  its'  only  purpose  is  to  agitate  the  mass,  hat  not  to 
triturate  it.  The  water-cock  is  then  opened,  the  boards  m,  m  are  removed,  and  the  waih- 
ing  is  continued  for  about  an  hour,  to  wash  the  salt  away ;  a  precaution  which  onght  to 
be  better  attended  to  than  it  always  is  by  paper  manufacturers. 

The  half-stuff  thus  bleached  is  now  transferred  to  the  beating  engine,  and  woriced  into 
a  fine  pulp.  This  operation  takes  from  4  to  5  hours,  a  little  water  being  admitted  fiom 
time  to  time,  bat  no  corrent  being  allowed  to  pass  through^  as  in  the  washing 


PAPER,  MANUFACTURE  OF.  933 

The  soAest  and  fairest  water  should  be  selected  for  this  purpose ;  and  it  should  be  ad- 
ministered in  nicely  regulated  quantities,  so  as  to  produce  a  proper  spissitude  of  stuff  for 
making  paper. 

For  printing  paper,  the  sizing  is  given  in  the  beating  engine,  towards  the  end  of  its 
operation.  The  size  is  formed  of  alum  in  fine  powder,  ground  up  with  oil  j  of  which 
mixture  about  a  pint  and  a  half  are  thrown  into  the  engine  at  intervals,  during  the  last 
half-hour's  beating.  Sometimes  a  little  indigo  blue  or  smalt  is  also  added,  when  a 
peculiar  bloom  color  is  desired.  The  pulp  is  now  run  off  into  the  stuff  chest,  where 
the  different  kinds  ore  mixed ;  whence  it  is  taken  out  as  wanted.  The  chest  is  usually 
a  rectangular  vessel  of  stone  or  wood  lined  with  lead,  capable  of  containing  300  cubic 
feet  at  least,  or  3  engines  full  of  stuff.  Many  paper-makers  prefer  round  chests,  as  they 
admit  of  rotatory  agitators. 

IVhen  the  paper  is  made  in  single  sheets,  by  hand  labor,  as  in  the  older  establish- 
ments, a  small  quantity  of  the  stuff  is  transferred  to  the  working-vat  by  means  of  a  pipe, 
and  there  dfluted  properly  with  water.  This  vat  is  a  vessel  of  stone  or  wood,  about  5 
feet  square,  and  4  deep,  with  sides  somewhat  slanting.  Along  the  lop  of  the  vat  a  board 
is  laid,  with  copper  fillets  fastened  lengthwise  upon  it,  to  make  the  mould  slide  more 
easily  along.  This  board  is  called  the  bridge.  The  maker  stands  on  one  side ;  and 
has  to  his  left  hand  a  smaller  board,  one  end  of  which  is  made  fast  to  the  bridge,  while 
the  other  rests  on  the  side  of  the  vat.  In  the  bridge  opposite  to  this,  a  nearly  upright 
piece  of  wood,  called  the  ass,  is  fastened.  In  the  vat  there  is  a  copper,  which  conmiuni- 
cates  with  a  steam  pipe  to  keep  it  hot ;  there  is  also  an  agitator,  to  maintain  the  stuff  in 
a  uniform  consistence. 

The  moulds  consist  of  frames  of  wood,  neatly  joined  at  the  corners,  with  wooden  bars 
mnning  across,  about  an  inch  and  a  half  apart.  Across  these,  in  the  length  of  the  moulds, 
the  wires  run,  from  fifteen  to  twenty  per  inch.  A  strong  raised  wire  is  laid  along  each  of 
the  cross  bars,  to  which  the  other  wires  are  fastened ;  this  gives  the  laid  paper  its  ribbed 
appearance. 

The  water-mark  is  made  by  sewing  a  raised  piece  of  wire  in  the  form  of  letters,  or  any 
figured  device,  upon  the  wires  of  the  mould,  which  makes  the  paper  thinner  in  these 
places.  The  frame-work  of  a  wove  mould  is  nearly  the  same ;  but  instead  of  sewing  on 
separate  wires,  the  frame  is  covered  with  fine  wire  cloth,  containing  from  48  to  64  meshes 
per  inch  square.  Upon  both  moulds  a  deckel,  or  moveable  raised  edge-frame,  is  used ; 
which  must  fit  very  neatly,  otherwise  the  edges  of  the  paper  will  be  rough. 

A  pair  of  mouldis  being  laid  upon  the  bridge,  the  workman  puts  on  the  deckel,  brings 
the  mould  into  a  vertical  position,  dips  it  about  half  way  down  into  the  stuff  before  him, 
then  turning  it  into  a  horizontal  position,  covers  the  mould  with  the  stuff  and  shakes  it 
gently.  This  is  a  very  delicate  operation ;  for  if  the  mould  be  not  held  perfectly  level, 
one  part  of  the  sheet  will  be  thicker  than  another.  The  sheet  thus  formed  has,  however, 
DO  coherence ;  so  that  by  turning  the  mould,  and  dipping  the  wire  cloth  surface  in  the 
▼at,  it  is  again  reduced  to  pulp  if  necessary.  He  now  pushes  the  mould  along  the  small 
booLfd  to  the  left,  and  removes  the  deckel.  Here  another  workman  called  the  coucher 
receives  it,  and  places  it  at  rest  upon  the  ass,  to  drain  off  some  of  the  water.  Meanwhile 
the  tfat'tnan  puts  the  deckel  upon  the  other  mould,  and  makes  another  sheet.  The 
coucher  stadds  to  the  left  side  of  the  vat,  with  his  face  towards  the  vat-man  or  maker, 
on  his  right  is  the  press  furnished  with  felt  cloths,  or  porous  fianaels ;  a  three-inch  thick 
plank  lies  before  him  on  the  ground.  On  this  he  lays  a  cushion  of  felts,  and  on  this 
another  felt ;  he  then  turns  the  paper  wire  mould,  and  presses  it  upon  the  felt,  where 
the  sheet  remains.  He  now  returns  the  mould  by  pushing  it  along  the  bridge. 
The  maker  has  by  this  time  another  sheet  ready  for  the  coucher  ;  which,  like  the  pre- 
ceding, is  laid  upon  the  ass,  and  then  couched  or  inverted  upon  another  felt,  laid  down  for 
the  purpose. 

In  this  way,  felts  and  paper  are  alternately  stratified,  till  a  heap  of  six  or  eight  quires 
is  formed,  which  is  from  15  to  18  inches  hish.  This  mass  is  drawn  into  the  press,  and 
eitpoMd  to  a  force  of  100  tons  or  upwards.  After  it  is  sufficiently  compressed,  the 
maehine  is  relaxed,  and  the  elasticity  of  the  flannel  makes  the  rammer  descend  (if  a  hy- 
draulic press  be  used)  with  considerable  rapidity.  The  felts  are  then  drawn  out  on  the 
other  side  by  an  operative  called  a  layer,  who  places  each  felt  in  succession  upon  one 
board,  and  each  sheet  of  paper  upon  another.  The  coucher  takes  immediate  possession 
<^the  felts  for  his  further  operations. 

Two  men  at  a  vat,  and  a  boy  as  a  layer  or  lifler,  can  make  about  6  or  8  reams  in  10 
hours.  In  the  evening  the  whole  paper  made  during  the  day  is  put  into  another  press, 
suid  subjected  to  mo<lerate  compression,  in  order  to  get  quit  of  the  mark  of  the  felt,  and 
more  of  the  water.  Next  day  it  is  all  separated,  a  process  called  parting,  and  being  again 
pressed,  is  carried  into  the  lofl.  Fine  papers  are  often  twice  parted  and  pressed,  in  order 
to  give  them  a  proper  surface. 

The  next  operation  is  the 'drying,  which  is  performed  in  the  following  way.    Posts 
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about  10  or  12  feet  high  are  erected  at  the  distance  of  ten  feet  from  each  other,  and 
pierced  with  holes  six  inches  apart ;  two  spars  with  ropes  stretched  between  them,  at 
the  distance  of  5  inches  from  one  another,  called  a  treble  or  tribble,  are  placed  about  5 
feet  high  between  these  posts,  supported  by  pins  pushed  into  the  holes  in  the  posts. 
The  workman  takes  up  4  or  8  sheets  of  paper,  and  puts  them  upon  a  piece  of  wood  ia 
the  form  of  a  T ;  passing  this  T  between  the  ropes,  he  shifts  the  sheets  upon  them,  and 
proceeds  thus  till  all  the  ropes  are  full.  He  then  raises  the  treble,  and  puts  another  ia 
its  place,  which  he  fills  and  raises  in  like  manner.  Nine  or  ten  trebles  are  placed  in  ererj 
set  of  posts.  The  sides  of  the  dr}'ing-room  have  proper  shutters,  which  can  be  opened  to 
any  angle  at  pleasure. 

When  the  paper  is  dry,  it  is  taken  down,  and  laid  neatly  in  heaps  to  be  sized.  Sise 
is  made  of  pieces  of  skin,  cut  off  by  the  curriers  before  tanning,  or  sheep's  feet,  or  aay 
other  matter  containing  much  gelatine.  These  substances  are  boiled  in  a  cbpper  to  a 
jelly ;  to  which,  when  strained,  a  small  quantity  of  alum  is  added.  The  workman  thea. 
takes  about  4  quires  of  paper,  spreads  them  out  in  the  size  properly  diluted  with  water, 
taking  care  that  they  be  equally  moistened.  This  is  rather  a  nice  operation.  The  super- 
fluous size  is  then  pressed  out,  and  the  paper  is  parted  into  sheets.  After  being  oace 
more  pressed,  it  is  transferred  to  the  drying-room,  but  must  not  be  dried  too  quickly. 
Three  days  are  required  for  this  purpose.  When  the  paper  is  thoroughly  dry,  it  is  carried 
to  the  finishing-house,  and  is  again  pressed  pretty  hard.  It  is  then  picked  by  women  with 
small  knives,  in  order  to  take  out  the  knots,  and  separate  the  perfect  from  the  imperfect 
sheets.  It  b  again  pressed,  given  to  the  finisher,  to  be  counted  into  reams,  and  done  up. 
These  reams  are  compressed,  tied  up,  and  sent  to  the  warehouse  for  sale.  A  good  finisher 
can  count  200  reams,  or  96,000  sheets  in  a  day. 

Hot  pressing  is  executed  by  placing  a  sheet  of  paper  between  two  smoothed  paste> 
boards,  alternately,  and  between  every  50  pasteboards  a  heated  plate  of  iron,  and 
subjecting  the  pile  to  the  press.  This  communicates  a  fine  smooth  surface  to  writing- 
paper. 

The  grain  of  the  paper  is  often  disfigured  by  the  felts,  when  they  are  too  much  used, 
or  when  the  loose  fibres  do  not  cover  the  twisted  thread.  The  two  sides  of  the  felt  are 
differently  raised,  and  that  on  which  the  fibres  are  longest  is  applied  to  the  sheets  which 
are  laid  down.  As  the  felts  have  to  resist  the  reiterated  action  of  the  press,  their  warp 
should  be  made  stout,  of  long  combed  wool,  and  well  twisted.  The  woof,  howerer, 
should  be  of  carded  wool,  and  spun  into  a  soft  thread,  so  as  to  render  the  fabric  spongy, 
and  capable  of  imbibing  much  water. 

This  operose  and  delicate  process  of  moulding  the  sheets  of  paper  by  hand,  has  fof 
nearly  thirty  years  past  been  performed,  in  many  manufnctories,  by  a  machine  which  pro. 
duces  it  in  a  continuous  sheet  of  indefinite  length  which  is  afterwards  cut  into  suitable 
sizes,  by  the  Paper-cutting  Machine. 

In  1799,  Louis  Robert,  then  employed  in  the  paper  works  of  Essonne  in  France,  eoa- 
trived  a  machihc  to  make  paper  of  a  great  size,  by  a  continuous  motion,  and  obtained  Tex 
it  a  patent  for  15  years,  with  a  sum  of  8000  francs  from  the  French  government,  as  a  re- 
ward for  his  ingenuity.  The  specification  of  this  patent  is  published  in  the  second  volume 
of  Brevets  d'  Invention  expires.  M.  Leger-Didot,  then  director  of  the  said  woijcs,  bought 
Robert's  machine  and  patent  for  25,000  francs,  to  be  paid  by  instalments.  Having  be- 
come proprietor  of  this  machine,  which,  though  imperfect,  contained  the  ?enn  of  a  val- 
uable improvement  in  paper-making,  M.  Didot  came  over  with  it  to  England,  where  he 
entered  into  several  contracts  for  constructing  and  working  it. 

Meanwhile  M.  L.  Didot  having  failed  to  fulfil  his  obligations  to  Robert,  the  latter 
instituted  a  law-suit,  and  recovered  possession  of  his  patent  by  a  decision  dated  23d 
June,  1810.  Didot  then  sent  over  to  Paris  the  Repertory  of  Arts,  for  Sept.  1808| 
which  contained  the  specification  of  the  English  patent,  with  instructions  to  a  friend  to 
secure  the  improved  machines  described  in  it,  by  a  French  patent.  The  patent  was 
obtained,  but  became  inoperative  in  consequence  of  M.  L.  Didot  failing  to  return  to 
France,  as  he  had  promised,  so  as  to  mount  the  patent  machine  within  the  two  years 
required  by  the  French  patent  law.  It  was  not  till  1815,  that  M.  Calla,  machinc- 
maJter  at  Paris,  constructed  the  paper  apparatus  known  in  Kndand  by  the  name  of 
Fourdrinier's,  and  which,  on  the  authority  of  the  Dictioiinaire  Techvologigue,  was  very 
imperfect  in  comparison  of  an  Enslish  made  machine  imported  about  that  time  into 
France.  La  construction  de  ces  machineSf  qni  n*offre  pourtant  rien  de  difficiley  est  resUi 
jiisqu'  a  ce  jour  exclusivement  dans  hs  mains  des  ^^ngtaisy  is  the  painful  acknowledgment 
made  in  1829,  for  his  countrymen,  by  the  author  of  the  elaborate  article  Papeterie  in  that 
national  work.  If  there  be  nothing  difficult  in  the  construction  of  these  machines,  the 
French  mechanicians  ought  to  be  ashamed  of  forcing  their  countrjinen  to  seek  the  sole  sup- 
ply of  them  in  England ;  for  the  principal  paper  works  in  France,  as  those  of  MM.  Canson, 
Montgolfier,  Thomas  Varenne,  Firmin  Didot,  Delcambrc,  De.  Maupeon,  &c.,  are  mounted 
with  EngUidi-made  machines. 
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The  following,  for  example,  are  a  few  of  the  paper-milU  in  France  which  are  mounted 
with  the  self-acting  machines  of  Messrs.  Bryan  Donkin  &  Co. 

Messrs.  Canson,  at  Annonay. 

M.  de  la  Place,  at  Jean  d'Heares,  Bar-Ie-dnc 

Societe  anonyme,  at  Sainte  Marie,  under'M.  DelaUmche. 

Echarcon  prds  Mennecy,  (Seine  et  Oise). 

Firmin  Didot,  Mesnil  sur  I'Estr^e. 

M.  F.  M.  Montgolfier,  k  Annonay. 

Mailer,  Bonchard,  Ondin  and  Co's.,  at  Gaeures,  near  Dieppe. 

MM.  Richard  et  Cdtap.  i  Plainfoing. 

M.  Callot-BeUisle ;  Vieoze  et  Chantoiseau. 

M.  Bechetaile,  near  St.  Etienne,  at  Bourg  Argental. 

It  deserves  paurticularly  to  be  remarked,  to  the  honor  of  English  mechanism,  that  the 
proprietors  of  the  first  five  of  the  above  works  received  gold  medals  at  the  last  expom- 
tion  of  their  papers  at  the  Louvre,  and  all  the  rest  received  medals  either  of  silver  or 
bfonze.* 

The  following  is  a  true  narrative  of  the  rise  and  progress  of  the  paper  automaton. 

M.  Leger  Didot,  accompanied  by  Mr.  John  Gamble,  an  Englishman  who  had  resided 
lor  several  years  in  Paris,  obtained  permission  from  the  French  government,  in  1800,  to 
carry  over  the  small  working  model  of  Robert's  continuous  machine,  with  the  view  of  get- 
ting the  benefit  of  English  capital  and  mechanical  skill  to  bring  it  into  an  operative  state 
upon  the  great  scale.  Fortunately  for  the  vigorous  development  of  this  embryo  project, 
w^eh  had  proved  an  abortion  in  France,  they  addressed  themselves,  on  the  one  hand,  to 
m  mercantile  firm  equally  opulent  and  public  spirited,  and  on  the  other,  to  engineers  dis- 
tinguished for  persevering  energy  and  mechanical  resource.  A  first  patent  was  granted 
to  Ml".  Gamble  on  the  20th  of  April,  1801,  and  a  second,  for  certain  improvements  upon 
the  former,  on  the  7th  of  June,  1803.  In  January,  1804,  Mr.  Gamble,  for  certain  consid- 
erations, assigned  these  two  patents  to  Messrs.  Henry  and  Sealy  Fourdrinier,  the  house 
above  alluded  to,  who  were  at  that  period,  and  for  several  years  afterwards,  the  most  con- 
siderable stationers  and  paper-makers  in  Great  Britain.  By  an  act  of  parliament  passed 
on  the  4th  of  August,  1807,  Mr.  Gamble's  privilege  of  14  years  from  April,  1801,  was 
prolonged  to  15  years  after  the  date  of  the  act,  being  an  extension  of  about  7  years  upon 
the  original  patent. 

The  proprietors  showed  good  reasons,  in  the  enormous  expense  of  their  experiments, 
and  the  national  importance  of  the  object,  why  the  patent  should  have  been  extended  14 
years  from  the  latter  date,  and  would  have  obtained  justice  from  parliament  in  this  respect, 
.  but  for  an  unworthy  artifice  of  Lord  Laaderdale  in  the  House  of  Lords.  "  He,  and  he 
only,  was  the  person  who  took  the  objection,"  and,  by  introducing  a  regulation  in  a  stand- 
ing order  of  the  House  of  Lords,  that  none  but  the  onginal  inventor  should  have  an  ex- 
tension, though  Mr.  H.  Fourdrinier  was  the  inventor  substantially  of  the  operative 
machine,  he  defeated  the  honorable  intentions  of  his  brother  peers,  whose  committee  said, 
**  We  will  give  seven  years,  and  Mr.  Fourdrinier  may  apply  again,  if  it  should  turn  out 
that  the  seven  years  that  we  propose  to  give  to  Mr.  Fourdrinier  should  not  give  sufficient 
time  to  afford  alby  chance  of  his  receiving  any  remuneration  for  the  expense  that  he  has 
incurred  ii#introducin?  this  invention."  The  bill  passed  in  the  House  of  Commons  for 
14  years,  but  it  was  limited  by  this  nwe  of  Lord  Lauderdale  to  7,  "  who  put  the  standing 
order  upon  the  books  (of  the  upper  house)  which  prevented  Messrs.  Fourdrinier  from 
having  any  benefit  from  the  invention.! 

In  February,  1808,  Mr.  Gamble,  aAcr  losing  both  his  time  and  money  savings  during 
eight  years  of  irksome  diligence,  assigned  over  to  Messrs.  Fourdrinier  the  whole  right  of 
his  share  in  the  patent  to  which  he  was  entitled  under  the  act  of  parliament. 

Dartford  in  Kent,  which  had  been  long  conspicuous  as  the  seat  of  a  good  manufactory 
of  paper  and  paper  moulds,  was  selected  by  the  proprietors  of  the  patent  as  the  fittest 
place  for  realizing  their  plans ;  and  happily  for  them  it  possessed,  in  Mr.  Hall's  engineer- 
ing establishment,  every  tool  requisite  for  constructing  the  novel  automaton,  and  in  his 
assistant,  Mr.  Bryan  Donkin,  a  young  and  zealous  mechanist,  who,  combining  precision 
of  workmanship  with  fertility  of  invention,  could  turn  his  local  advantages  to  the  best 
acconnt.  To  this  gentleman,  aided  by  the  generous  confidence  of  Messrs.  Fourdrinier, 
the  glory  of  rearing  to  a  stately  manhood  the  helpless  bantling  of  M.  L.  Didot  is  entirely 
dae.  In  1803,  after  nearly  three  years  of  intense  application,  he  produced  a  self-acting 
maehine  for  making  an  endless  web  of  paper,  which  was  erected  at  St.  Neol's  under  the 
superintendence  of  Mr.  Gamble,  and  performed  in  such  a  manner  as  to  surprise  every 
beholder. 
Since  that  important  era  Mr.  Donkin  has  steadily  devoted  his  whole  mind  and  means 

*  Rapport  de  Jury  Central,  par  M.  Le  Baron  Charles  Dapin,  rol.  ii.  p.  S78  ;  Pari*,  1836. 
#      t  See  this  ehabby  piece  of  diplomacy  nnTeiled  in  the  Minntee  of  Evidance  taken  before  the  Select  Goal* 
mittce  of  the  Uooee  oc  Commona  on  Fuordiinier's  patent ;  May,  1837. 
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to  the  progressive  improTement  of  this  admirable  apparatus ;  and  has,  by  the  imfailiiig 
*<!i{:alarity,  precision,  promptitude,  and  productiveness  of  its  work,  earned  for  himself  a 
place  along  with  Watt,  Wedgewood,  and  Arkwright,  in  the  temple  of  mechanical  fame. 

'<  La  France,"  says  a  late  official  eulogist^  of  her  arts,  and  interpreter  of  her  senti- 
ments, <<  ne  craint  plus  la  rivalil^  des  autres  p'euples  pour  la  fabrication  de^  divers  genres 
de  papiers  et  de  cartons.''*  •  AAer  this  boast,  one  would  not  expect  to  hear  him  imme- 
diately confess  that  in  1823  his  country  possessed  only  one  manufactory  of  the  papier 
continu,  containins:  one  of  the  Fourdrinier  machines  made  at  London  by  Mr.  Donkin,  for 
M.  Canson,  at  Vidalon-les-Annonay ;  that  in  1827  there  were  onljr  4  of  these  machines 
in  France,  and  that  in  1834  there  were  not  many  more  than  a  dozen.  He  justly 
observes,  that  "  this  mode,  being  more  economical,  more  rapid,  and  more  powerful,  will 
become  henceforth  the  only  one  which  can  be  practised  without  loss.  Then  will  disap* 
pear  the  ancient  system  of  hand-work,  which  likewise  involved  the  inconveniences,  m 
may  9ay  dangers,  resulting  from  combinations  among  the  operatives.  The  machine-inade 
papers  possess  many  advantages :  they  can  receive,  so  to  speak,  unlimited  dimensions; 
they  preserve  a  perfectly  uniform  thickness  throughout  all  their  length ;  they  may  be 
fabricated  in  every  season  of  the  year ;  nor  do  they  require  to  be  sorted,  trimmed,  and 
hung  up  in  the  dr\'ing-house,  operations  which  occasioned  great  waste,  amounting  to  no 
less  than  one  defective  sheet  out  of  every  five.  The  continuous  paper  at  one  time 
retained  the  impression  of  the  wire-wove  web  on  its  under  side ;  a  defect  from  which  it 
has  been  freed  by  a  pressure  apparatus  of  Mr.  Donkin,  recently  imported  fh>m  England 
by  M.  Delnlouche." 

It  nppcars  from  documents  presented  to  a  committee  of  the  House  of  Lords  in  1807, 
that  the  Messrs.  Fourdrinier  had,  by  that  time,  withdrawn  from  their  stationary  business 
the  large  sum  of  60,000/.,  to  further  the  object  of  their  patent ;  so  many  difficulties  dil 
they  encounter  in  bringing  the  machinery  to  its  then  comparatively  complete  state,  and  so 
little  encouragement  or  support  did  they  receive  from  the  paper  manufacturers  throughout 
the  kingdom. 

The  patentees  laid  a  statement  before  the  public  in  1806,  containing  the  following 
comparative  estimate  of  the  expense  attending  seven  vats,  and  that  attending  a  machine 
employed  upon  paper  sized  in  the  engine,  performing  the  same  quantity  of  work  as  seven 
vats,  at  the  rate  of  12  hours  daily. 
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Day. 

Week. 

Month. 

Year. 

• 

Journeymen         .... 

2  Ditto 

2  Finishers 

2  Dry  workers        .... 

Parters  (none)    .... 

Fire  (none)          .... 

Felting 

Washing,  ditto     .... 

Wire 

1  Man,  to  keep  in  repair  the  mill  > 
and  machine    .        .                I 

Total  9 

*.   d. 
3     6 

2  6 

3  6 
3    6 

£   s.    d, 
2    2    0 

1  10    0 

2  2    0 
2    2    0 

• 

£    a.     d. 

8     8^ 
6     0    0 
8    8    0 
8    8    0 

£      J,   d. 
109    4    0 
78    0    0 
109    4    0 
109    4    0 

• 

24    0    0 

5    0    0 

200    0    0 

lOO    0    0 

7  16    0 

31     4    0 

734  12    0 

Expense  of  7  vats  per  annum  (see  next  page)  is 
A  machine  doing  7  vats'  work,  is,  per  annum    . 

£      «.    d. 
.    2,604  12    0 
.       734  12    0 

Balance  saved  by  the  machine  per  annum  . 

.£1,870    0    0 

N,  J?.— There  are  other  advantages,  to  the  amount  of  full  400/.  per  annum,  of  which 
manufacturers  are  well  aware,  although  not  taken  into  this  calculation. 

♦  Rapport  de  Jury  Central,  ror  lea  Prodoita  de  I'lndnatrie  Francaise  expos6  en  1834,  par  Le  Baron  CkailM 
Inipui,  Mamtrre  da  rinstitot,  Rapporteur-g^n^ral  at  Vice  Preaident  da  Jury  Central ;  u.  878. 
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Day. 

WMk. 

Mmth. 

YMr. 

«. 

d. 

£    J.    d. 

£  «.  d. 

JC    J.    d. 

7  Vatmen,  at     -       •       -       - 

3 

3 

6  16    6 

27    6  0 

354  18    0 

7  Coaehers        .       -       -       - 

3 

1 

6    9    6 

25  18  0 

336  14    0 

7  Layers             -        -        -        . 

3 

1 

6    9    6 

25  18  0 

336  14    0 

3  Finishers        -     '  - 

4 

0 

3  12    0 

14    8  0 

187    4    0 

6  Dry  workers   -        -        -        - 

3 

1 

5  11     0 

22    4  0 

288  12    0 

1            3  Men  to  go  to  press,  &c.  - 

2 

6 

2    5    0 

9    0  0 

117    0    0 

7  Parters  (women)     .        .        - 

1 

4 

2  16    0 

11    4  0 

145  12    0 

Fire 

7    0    0 

28    0  0 

364    0    0 

Felting 

140    0    0 

Washing  ditto,  oil,  soap,  fire,  &c. 

1  11     6 

6    6  0 

81  18    0 

Moulds  ..... 

140    0    0 

1  Man,  and  expenses  of  repairing,  ^ 

in  keeping  in  order  7  vats,  vat.  > 

112    0    0 

presses,  &c.                                   ) 

i  Total  41  persons. 

42  11     0 

170    4  0  2,604     0    0  { 

In  the  same  statement,  it  was  shown  that  the  expense  of  making  paper  by  hand  is  16«. 
per  ewt,  whereas  by  their  machine  it  is  only  3i.  9d. ;  so  that  upon  432,000  cwts.  the 
quantity  annually  made  in  Great  Britain  and  Ireland  (as  founded  upon  the  fact  that  one 
vat  can  make  480  cwts.  of  paper,  and  that  there  were  900  vats  in  the  kingdom),  the 
annual  saving  by  the  machine  would  be  264,600/.,  or  345,600/.  —  81,000/. 

In  a  second  statement  laid  before  the  public  in  1807,  the  patentees  observe  that  their 
recently  improved  machine,  from  its  greater  simplicity,  may  be  erected  at  a  considerably 
reduced  expense.  ^  Mr.  Donkin,  the  engineer,  will  engage  to  furnish  machines  of  the 
dimensions  specified  below,  with  all  the  present  improvements,  at  the  prices  specified 
below. 


3  or  4  vats 

6  ditto 

8  ditto 

12  ditto 


3  or  4  vats 

6  ditto 

8  ditto 

U  ditto 


Inches. 

If  driTan  by  ttrapc. 

30 

between  the  deckles 

40 

ditto               ditto 

44 

ditto               ditto 

54 

ditto               ditto 

Ifdrivenby  whMlt. 

30 

between  the  deckles 

40 

ditto               ditto 

44 

ditto               ditto 

54 

ditto                ditto 

715 
845 
940 
995 


750 

880 

980 

1,040 


« Instead  of  5  men,  formerly  employed  upon  1  machine,  3  are  now  (in  1813)  fully 
sufficient,  without  requiring  that  degree  of  attention  and  skill  which  was  formerly  indis- 
pensable. 

<'  In  1806  the  machine  was  capable  of  doing  the  work  of  6  vats  in  twelve  hours ;  it 
is,  however,  now  capable  of  doing  double  that  quantity,  at  one  fourth  of  the  expen^p. 
For  by  the  various  improvements  enumerated  above,  the  consumption  of  wire  is  rediic(>d 
nearly  one  half,  and  lasts  above  double  the  time ;  the  quantity  of  paper  produced  is 
doubled ;  and,  taking  into  consideration  the  work  which  is  npw  performed  by  the  men 
over  and  above  their  immediate  attendance  upon  the  machine,  it  may  be  fairly  stated,  that 
the  number  of  men  is  reduced  to  one  half;  consequently  the  expense  of  wire  and  labor 
is  reduced  to  one  fourth  of  what  it  was. 

''The  other  advantages  incidental  to  the  nature  of  the  process  of  making  paper  by  this 
laachine,  may  be  classed  in  the  following  order : — 

''  1st.  That  the  paper  is  much  superior  in  strength,  firmness,  and  appearance,  to  any 
which  can  be  made  by  hand  of  the  same  material. 

''  2d.  It  requires  less  drying,  less  pressing  and  parting,  and  consequently  comes  sooner 
to  market ;  for  it  receives  a  much  harder  pressure  from  the  machine  than  can  possibly 
be  given  by  any  vat  press,  and  is  therefore  not  only  drier,  but,  on  account  of  the  close- 
nefts  and  firmness  of  texture,  even  the  moisture  which  remains  is  far  sooner  evaporated, 
on  exposure  to  the  air,  than  it  would  be  from  the  more  spongy  or  bibulous  paper  made 
bjhand. 
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*'Thc  superior  pressure,  and  the  circumstance  of  one  side  of  the  paper  passing  under 
the  polished  surface  of  one  of  the  pressinsr  rollers,  contribute  to  that  smoothness  whid 
in  hand-made  papers  can  only  be  obtained  by  repeated  partinsrand  pressing ;  consequently 
a  great  part  of  the  time  necessarily  spent  in  these  operations  is  sayed,  and  the  paper 
sooner  finished  and  ready  for  market, 

^  3dly.  The  quantity  of  broken  paper  and  retree  is  almost  nothing  compared  with  vhil 
is  made  at  the  vats. 

<<  4th.  The  machine  makes  paper  with  cold  water. 

"  5th.  It  is  durable,  and  little  subject  to  be  out  of  repair.  The  machine  at  Two  Waters, 
in  Hertfordshire,  for  the  last  three  years,  has  not  cost  10/.  a  year  in  repairs. 

<<  (3th.  As  paper  mills  arc  almost  universally  wrought  by  streams,  which  vary  con- 
siderably in  their  power  from  time  to  time,  there  will  result  from  this  drcQmstance  a 
very  important  advantage  in  the  adoption  of  the  machine.  The  common  paper  miD 
bein;  limited  by  its  number  of  vats,  no  advantage  can  be  taken  of  the  frequent  accessioDS 
of  power  which  generally  happen  in  the  course  of  the  year ;  but,  on  the  contrary,  as 
scarcely  any  mills  are  capable  of  preparing  stuff  for  twelve  \'ats,  every  accession  of  power 
to  the  mill,  where  a  machine  is  employed,  will  increase  its  produce  without  any  additional 
expense. 

<<  7th.  The  manufacturer  can  suspend  or  resume  his  work  at  pleasure ;  and  he  i$  be- 
sides effectually  relieved  from  the  perplexing  difficulties  and  loss  consequent  upon  the 
perpetual  combinations  for  the  increase  of  wages." 

It  is  a  lamentable  fact,  that  the  attention  required  to  mature  this  valuable  invention, 
and  the  lar^^e  capital  which  it  absorbed,  led  ultimately  to  the  bankruptcy  of  this  opulent 
and  public-spirited  company ;  after  which  disaster  no  patent  dues  were  collected,  tbongfa 
twelve  suits  in  Chancery  were  instituted ;  these  being  mostly  unsuccessful,  on  accooot 
of  some  pnliry  technical  objections  made  to  their  well-specified  patent,  by  that  ud- 
scientitic  judge  Lord  Tenterden.  The  piratical  tricks  practised  by  many  considerable 
paper-makers  against  the  patentees  are  humiliating  to  human  nature  in  a  civilized  and 
toi-divint  Christian  community.  Many  of  th'em  have  owned,  since  the  bankruptcy  of 
the  house  removed  the  fear  of  prosecution,  that  they  owed  them  from  2000/.  to  300Q/. 
apiece. 

Nothing  can  place  the  advantage  of  the  Fourdrinicr  machine  in  a  stronger  point  of 
view,  than  the  ftict  of  there  being  280  of  them  now  at  work  in  the  United  Kingdom, 
making  collectively  1600  miles  of  paper,  of  from  4  to  5  feel  broad,  every  day ;  that  they 
have  lowered  the  price  of  paper  50  per  cent.,  and  that  they  have  increased  the  revenue, 
directly  and  indirectly,  by  a  sum  of  probably  400,000/.  per  annum.  The  tissue  paper 
made  by  the  machine  is  particularly  useful  for  communicating  engraved  impressions  to 
pottery  ware ;  before  the  introduction  of  which  there  was  but  a  miserable  substitute. 
Messrs.  R.  and  J.  Clewcs,  of  Cobridge  potteries,  in  a  letter  to  Messrs.  Fourdrinier,  state, 
'<  that  had  not  an  improvement  taken  place  in  the  manufacture  of  paper,  the  new  style 
of  engraving  would  have  been  of  no  use,  as  the  paper  previously  used  was  of  too  coarse 
a  nature  to  draw  from  the  fair  engravings  any  thing  like  a  clear  or  perfect  impression; 
and  the  Staffordshire  potteries,  in  our  opinion,  as  well  as  the  public  at  large,  are  deeply 
indebted  to  you  for  the  astonishing  improvement  that  has  recently  taken  place,  both  as 
regards  china  and  earthenware,  more  particularly  the  latter.''  The  follovHng  rates  of 
prices  justify  the  above  statement : — 

1814.  1822.  1833. 

t>    d,  s,    d,  M»   d. 

Demy  pottery  tissue        ----12    0  96  70 

Royal  16    3  12    0  8    9 

«  We  have  adopted  a  new  mode  of  printing  on  china  and  earthenware,  which,  but  fbr 
your  improved  system  of  making  tissue  paper,  must  have  utterly  failed ;  our  patent  ma- 
chine requiring  the  paper  in  such  lengths  as  were  impossible  to  make  on  the  M  plan. 
On  referring  to  our  present  stock,  we  find  we  have  one  sheet  of  your  paper  more  than 
1200  yards  long.    Signed,  Machin  and  Potts ;  Burslem,  February  25th,  1834.** 

I  have  had  the  pleasure  of  visiting  more  than  once  the  mechanical  workshops  of 
Messrs.  Bryan  Donkin  and  Co.  in  Bermondscy,  and  have  never  witnessed  a  more 
admirable  assortment  of  exquisite  and  expensive  tools,  each  adapted  to  perform  its  part 
with  despatch  and  mathematical  exactness,  though  I  have  seen  probably  the  best 
machine  factories  of  this  country  and  the  Continent.  The  mnn  of  science  will  appreciate 
this  statement,  and  may  perhaps  be  surprised  to  learn  that  the  irrand  mural  cirde  of 
7  feet  diameter,  made  by  Troughton,  for  the  Royal  Observatory  of  Greenwich,  wms  turad 
with  final  truth  upon  a  noble  lathe  in  the  said  establishment.  It  has  supt>]ied  no  (bwer 
than  133  complete  automatic  paper  machines,  each  of  a  value  of  from  1200/.  to  2000L, 
to  different  manufkctories,  not  only  in  the  United  Kingdom,  but  in  all  parts  of  the 
civilized  world ;  as  mentioned  in  the  second  paragraph  of  the  present  article. 
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maphin?  is  capable  of  mafcinv,  under  Ihc  inipatsion  of  anj 
prime  mover,  nil  unnnlcheil  by  ■  human  eye,  and  ungiiideri  by 
s  human  ham),  rmin  tfO  to  50  feet  in  lenelh.  by  b  feet  broad, 
of  mo!^l  equable  rap"  id  °ne  minule.  Of  paper  of  average 
thickness,  il  turns  olT  30  feel. 

Fitf.  T8S  is  an  upriabl  lonEitudinal  «ee  I  ion,  re  present!  n|t  the 

eyiinilera,  and  tbe  euiniwund  channelled  rollers  of  Mr.  Wilkg, 
suhsBiiuenlly  to  be  described  in  detail.  The  Ejnre  in  the  apper 
Jiue  sbowB  il  all  in  train,  vhen  tbe  paper  is  lo  be  wannd  up 
wet  upon  tbe  reeli  e,  e,  which  being  moreable  roond  the  centre 
/□fa  iwing-bar,  are  pretenled  empty,  time  about,  to  receive 
(he  lender  web.  The  figure  in  the  ander  line  contains  Ibe 
steam  or  dryin;  cylinders;  tlie  points  o  o,  of  whose  frame, 
replace,  at  the  point*  p,  r,  the  wet  reel  /Sume,  c  r,  r. 
A  is  the  »Bi,  w  reteiiei  of  pn!p  from  the  siuff-chest. 

the  knot  Etrniner  of 


the  1 


Tbe  a 


the  pulp  in  the  rat. 

of  the  water  and  pnlp  which 
escape  through  Ilie  endless 
wire,  and  which  nre  returned 
by  aseoop-wheei  into  Ihevat. 
bii  Ihecoppertipof  thevnl, 
which  the  pulp  flows  ' 


Ihc  endlcH 


a  lenlhem 
.lip 


from  11 


"ijp,  lo  support  Ibe  pulp  anil 
[iii^vrnl  its  escaping. 

r.  c  are  Ibe  bars  which  bear 
u|i  the  small  tube  rollers  Ihal 
support  the  wire. 

d,  d  are  ruler  ban  id  support 
Ihe  copper  roUers  oTer  which 

K  is  Ihe  breast  roltei',  roond 

which  tlie  endless  wire  turns. 

n  is  the  point  where  Ibe 

shaking  nuitiDn  is  given  lo  Ibe 

machine. 

H  is  the  guide  roller,  baviug 

its  pivnts  moveable  lalerally 

„  to  adjust  Ihe  wire  nod  keep  it 

□  e  parallel. 

.  is  Ihe  pulp  roller,  or,  "  dandy,"  lo  press  out  water,  and  lo 

liie  paper,      r,  is  the  place  of  Ihe  second,  when  il  is  used. 

11  is  Ibe  first  or  wel  pieiis,  or  couching  rollersi  Ihe  wire 

caves   Ihe  paper  here,  which  latter   Is  couched  upon   Ihe 

■ndtess  fell    p;    and    the  endless  wire  o  relume,   iinssing 

uund  Ibe  lower  Couch  roller.    By  Mr.  Donkin's  happy  inven- 

iiiii  of  placing  these  rollen  obliquely,  the  walcr  runs  freely 

Lwuy,  which  it  did  not  do  when  their  axes  were  in  a  veilical 

.  t  ate  the  deckles,  which  form,  the  edges  of  ihe  sbcfl  of 
er,  and  prevent  Ihe  pnlp  passing  away  lalerally.       They 
iilale  Ihe  width  of  Ibe  endless  sheet. 
,/are  the  revolving  deckle  slrapa. 
ia  ihe  deckle  guide,  or  drivine-palley. 

,  g  are  lube  rollers,  over  which  the  wire  passes,  whkh  do 
partake  of  the  shaking  motion  \  and, 


^^^ 
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M  eani>ga  for  keepiag  te 


h,  A  BT«  noreable  roUen  foe  stretchiiig  the  w 
i^*'^  gi  S  '"'  ptopet  pmilion. 
c  is  the  second  prns,  or  dry  press,  to  expel  the  water  in  a  cold  state. 
K,  I,  Jlc.,  in  the  view  of  the  lower  line,  are  llie  steam  cjliDders  for  drjing  the  a 


10  support  the  paper,  and  preveot  it 


:o  convey  the  paper. 
j,  i  are  rolieri  to  conduct  the  felt]  which  v 
wrinklinit  or  beeomin;  cockled. 

t>,  □  lue  the  heisgoDBl  eipanclin;  reels  for  the  steam-dried  paper  web,  one  only  heiag 
Dsed  at  B  time,  and  made  to  »uit  diSerenl  sizes  of  sheets.    I  is  their  swing  fnlcnun. 
F,  F,  F,  F,  is  the  frame  of  the  machine. 

The  deckle  simps  are  worthy  of  parlicnlar  notice  in  this  beaalifnl  machine.  Tber 
are  composed  of  many  layers  of  cotton  tape,  each  one  inch  broad,  and  toftelheroae 
liair  inch  thick,  cemented  with  caoutchouc,  so  as  to  be  at  once  perfectly  flexible  aid 
water-light. 

The  upper  end  of  each  of  the  two  carriages  of  the  roller  l  is  of  a  forked  shape,  ui 
Ihe  pivots  of  the  roller  are  made  to  turn  in  the  dell  of  the  forked  earriafrt  in  nA  s 
manner,  thai  the  roller  nmj  he  prevented  from  hnving  any  lateral  mot  ion,  wh5e  it  poswuil 
m  free  Tihratory  motion  upwards  and  downwards ;  the  whole  weight  of  the  roller  L  beisf 
borne  by  Ihe  endless  web  of  woven  wire.' 

The  Krealest  difficulty  formerly  eiperienced  in  Ihe  paper  mannfaetnre  npon  Ihe 
continuous  lyatem  of  Fourdririer,  was  lo  remove  the  moisture  from  Ihe  pulp,  and  condeue 
it  with  sufficient  rapidity,  to  as  to  prevent  ils  becomins  whal  is  called  vatrr-galUd,  sad 
to  permit  the  web  to  proceed  directly  lo  the  dryinj  cylinders.  Hitherto  no  invenliaa  hss 
answered  so  well  in  practice  to  remnve  this  difficulty  as  the  channelled  and  pcffonlsd 
pnlp  rollers  or  dandies  of  Mr,  John  Wilks,  the  bgenious  partner  of  Mr.  Donkia;  for 
which  s  patent  was  obtained  in  IS30.  Suppose  one  of  these  rollers  (see  i,  in  Jig.  788, 
and  u,  M,  in  fig.  T93)  is  reqaiied  for  a  machine  which  is  to  make  paper  M  inche*  wide, 
it  must  be  about  60  inches  long,  so  that  its  ejtremiliea  lsee;igj.  789  and  790)  may  eilesd 
over  or  beyond  each  edjie  of  (he  sheet  of  paper  upon  which  it  is  laid.  Its  diameter  nay 
be  T  inches.  About  S  grooves,  each  1-I6lh  of  an  inch  wide,  are  made  in  every  inch  of 
the  tube ;  and  they  are  cut  lo  half  the  thickness  of  the  copper,  with  a  reeungularty 
•haped  tool.  A  sueeession  of  ribs  and  Rroores  are  (hus  formed  thronjhoot  the  whole 
length  of  the  tube.  A  similar  succession  is  then  made  across  Ihe  former,  but  of  S4  is 
the  inch,  and  on  Ihe  opposite  surface  of  the  metal,  which  by  a  peculiar  mode  of  mansge- 
menl  had  been  prepared  for  Ihat  purpose.  As  Ihe  latter  grooves  are  cnt  as  deep  as  Ike 
former,  those  on  Ihe  inside  meet  those  on  the  outside,  crossing  each  other  at  right  anglci, 
and  thereby  producing  so  many  square  holes  ;  leaving  a  series  of  straight  copper  ribs  ea 
traversed  by  another  series  of  riba  coiled  roaad 
idrical  sieve  made  of  one  piece  of  metal.  The 
junded  off  with  a  smooth  file  into  a  semi.cimlsr 
form.  Figi.  789  and  790,  «  A,  are  pc- 
tions  of  the  ribbed  copper  tnbe.  fig.  WS 
■  shows  the  exterior,  and  fig.  790  the  n- 
surfaee ;  b,  b  and  b,  b  show  the  plaii 
each  of  Ihe  end^  where  il  is  made 
the  brass  rings  by  rivels  or  screw*; 
;  the  rinqs  with  arms,  and  n  Matrt 
n  each,  for  fixing  ihe  iron  piraior 
I ;  one  such  pivot  is  fixed  faj  ritel- 
in  each  of  Ihe  centre  pieces  of  tkc 
)s  shown  at  c,  fig.  790  ;  lo  that  both 
said  pieces  shall  be  coneentrie  with  tht 
rmes,  and  have  one  common  axis  with  ead 
other,  and  with  the  roller.  At  a,  ■,  * 
groove  is  turned  in  each  of  the  piroU,  G* 
the  purpose  of  suspending  a  weight  bf  a 
hook,  in  order  to  increase  the  preasore  np- 
on the  paper,  whenever  it  may  be  tani 
necessBTf. 

Fig.  791  is  an  end  view,  ihowug  Ihe 
copper  tube  and  its  internal  rib*  a,  i ;  the 
brass  rings  c,  c  ;  arm  o,  n,  d  ;  centre  piece  t, 
and  pivot  a.  Fi%.  792  ii  a  aeetiou  of  Iks 
said  ring,  with  the  arms,  k,t. 

The  roller  is  shown  at  £,  fig.  788,  u 
lying  npon   the  snrface  t£  the  wire-wd. 


the  interior  surface  of  Ihe  said  t 
them  on  the  outside,  forming  a 
rough  e<^es  of  all  the  ribs  must 
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itire  petition  of  that  perforBtrd  roller,  uid  the  IHtle  roller  b,  over  vUdt 
tuch  Ihal  the  uis  of  l  is  a  little  to  one  side  of  the  >iia  of  b,  and  nol  in  the 
liCBl  plane,  the  latter  bcinf;  iibaijl  an  inch  nnrer  the  Tat  end.  Hence,  wben- 
irire-web  b  eet  in  progresBiTC  motion,  it  will  cause  tfae  roller  L  to  rerotve  upon 
«l  and  ax  the  paper  is  piogressiTelf  made,  it  nill  pass  onvaids  with  the  veb 
le  sarface  of  the  roller.  Thus  ihe  pulpy  layer  of  paper  is  condensed  by 
ion  under  the  ribbed  roller  i  while  il  iranfmits  its  moisture  through  the 
il  becomes  sufficienlly  eompacl  to  endure  rhe  action  of  Ihe  wet  preu 


,  H,  and  also  acquires  the  appearance  of  parallel  lines,  < 


le  by  hand  is 
le  paper  machine. 


'illm  occBsionBlly  employs  a  second  perforated  roUer  in  the 

then  placed  at  the  dolled  lines  >,  >,  t. 

itenlee  has  described  in  Ihe  same  speciGcalion  a  most  ineenioua  modification  of 

roller,  by  which  he  can  eihausl  the  air  from  a  hotlawed  imrlton  of  ila  peripherT, 

e  Ihe  paper  in  its  passage  over  Ihe  roller  to  undei^  the  sucking  operation  of 

iai  Tuid,  so  aa  lo  be  remarkably  condensed  ;  bat  he  has  nol  been  called  upon  to 

■  second  inrenlion,  in  consequence  of  the  perfect  success  ^hich  he  has  eiperi- 

the  workin;  of  the  first. 

•llowing  is  B  more  detailed  illustration  ofMr.  Wilks'  improved  roller. 

93  represents  two  purls  of  his  double-cued  exhausting  cylinder. 

This  consists  of  two  copper  tubes, 
one  nicely  lining  Ihe  olheri  the  inner 
being  punched  full  of  round  holes,  as 
at  K,  I,  where  that  tube  is  shown  un- 
covered ;  a  portion  of  the  inner  sur- 
face of  Ihe  same  lube  is  shown  a{ 
L,  L.  In  this  figure  alto,  iwo  portions 
c^  Ihe  outer  tube  are  shown  al  h,  m, 
and  N,  N  i  the  former  being  an  exiemal, 
end  the  latter  an  internal  view.  Here 
we  see  that  the  exiemal  tube  is  ihe 
ribbed  perforated  one  already  described; 
the  holes  in  Ihe  inner  tube  beine  made 
in  rows  to  correspond  with  the  grooves 
in  Ihe  outer.  The  holes  are  so  dis- 
tributeil  that  every  hole  in  one  row  shall 
be  opposite  lo  the  middle  of  the  space 
lefl  between  Iwo  boles  in  the  next  row, 
as  will  appear  from  inspection  of  the 
figure.  The  diameter  of  each  of  (he 
punched  holes  somewhat  exceeds  the 
width  of  each  rib  in  Ihe  inside  of  Ihe 
outer  cylinder,  and  every  inside  groove 
of  this  lube  coincides  with  a  row  of 
holes  in  the  former,  which  constniction 
pennila  the  free  transudation  or  perco 
the  water  oul  of  the  pulp.  At  each  end  of  this  double-case  cylinder,  a  part  ii 
N,  w,  plain  wiihoul,  and  grooved  merely  in  the  inside  of  Ihe  outer  tube.  The 
■nriace  allows  the  braE^s  ends  lo  be  securely  fixed  i  the  outer  e^e  of  the  bias* 
tight  into  Ihe  inside  of  the  end  of  Ihe  cylinders. 

e  inside  of  each  of  these  rings  there  are  four  piece*  which  project  towards  the 
X  axis  of  Ihe  cylinder ;  two  of  which  pieces  are  shown  al  a,  a,  Jl^.  793,  in 
b,  i,  is  a  brass  ring  with  four  arms  r,  c,  c,  c,  and  a  boss  or  centre  piece  d,  d. 
lex  edge  of  the  last -mentioned  ring  is  also  turned  cylindrical,  and  of  such  a 
r  a«  to  fil  Ihe  interior  of  the  former  ring  a,  o.  The  two  rings  are  securely 
;ether  by  four  srrews.  t,  e  is  the  hollow  iron  axle  or  shaft  upon  which  the 
revolves.  Its  oulside  is  made  Ir^ly  cylindrical,  so  as  lo  fil  the  circular  holes 
bosses  d,  d,  of  the  rings  and  arms  al  each  end  of  the  cylinder.  Hence,  if  the 
Aalt  be  so  liied  that  il  will  not  turn,  Ihe  perforated  cylinder  is  capable  of  having 
ry  motion  given  to  it  round  that  shaft.  This  motion  is  had  recourse  to,  when  the 
•pparaluB  is  employed.  But  otherwise  Ihe  cylinder  is  made  fast  lo  Ihe  hollow 
means  of  Iwo  screw  clsmps.  To  one  end  of  the  cylinder,  as  al  p,  a  toothed  wheel 
led,  for  communicating  a  rotatory  motion  lo  it,  so  Ihal  its  surface  molion  shall  be 
e  as  thai  of  the  paper  web;  otherwise  a  rubbing  motion  might  ensue,  which  would 
id  injure  bolh. 

paper  sluiTor  pulp  is  allowed  to  flow  from  the  val  «,jSg.  7B8,  on  to  themftceof 
tcM  wire-web,  as  Ibis  is  moring  along.    The  lineto,  o,fis.  T88,sbow the  eoBneoT 
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the  motion  of  the  web,  which  operates  as  a  sieve,  separating  to  a  certain  degree  the  vita 
from  the  pulp,  yet  leaving  the  latter  in  a  wet  state  till  it  arrives  at  the  first  pair  of  proi- 
ing  rollers  h,  h,  between  which  the  web  with  its  sheet  of  paper  is  squeezed.  TUd[ 
paper,  in  passing  through  these  rollers,  was  formerly  oAen  injured  by  becoming  witer- 
galled,  from  the  greater  retention  of  water  in  certain  places  than  in  others.  But  McMrL 
Donkin's  cylinder,  as  above  described,  has  facilitated  vastly  the  discharge  of  the  water, 
and  enabled  the  manufacturer  to  turn  otf  a  perfpctly  uniform  smooth  paper. 

In  Jig,  788,  immediately  below  the  perforated  cylinder,  there  is  a  wooden  witff- 
trough.  Along  one  side  of  the  trough  a  copper  pipe  is  laid,  of  the  fane 
lensrth  as  the  cylinder,  and  parallel  to  it ;  the  distance  between  them  beii^  abotf 
one  fuurth  of  an  inch.  The  side  of  the  pipe  facing  the  cylinder  is  perforated  witb  t 
line  of  small  holes,  which  transmit  a  great  many  jets  of  water  against  the  surface  of  the 
cylinder,  in  order  to  wash  it  and  keep  it  clean  during  the  whole  continnance  of  Ike 
process. 

The  principle  adopted  by  John  Dickinson,  Esq.,  of  Nash  Mill,  for  making  paper, 
is  dilierent  from    that  of   Fourdrinier       It  consists  in   causing    a   polished  hfldov 
brass  cylinder,  perforated  with  holes  or  slits,  and  covered  with  wii«  cloth,  to  remlve 
over  and  just  in  contact  with  the  prepared  pulp :  so  that  by  connecting  the  cylinder 
wilh  a  vessel  exhausted  of  its  air,  the  film  of  pulp,  which  adheres  to  the  cyliader 
during  its  rotation,  becomes  gently  presided,  whereby  the  paper  is  supposed  toberes- 
dercd  drier,  and  of  more  imifurm  thickness,  than  upon  the  horizontal  hand  moiiid% 
or  travelling  wire  cloth  of  Fourdrinier.     When  subjected  merely  to  agitation,  the  water 
is  sucked  inwards  through  the  cylindric  caue,  leaving  the  textile  filaments  so  completely 
interwoven  as,  if  felted  among  each  other,  that  they  will  not  separate  without  breaking 
and,  when  dry,  they  will  form  a  sheet  of  pai)er  of  a  strength  and  quality  relative  to  the 
nature  and  preparation  of  the  pulp.    The  roll  of  paper  thus  formed  upon  the  hoUow 
cylinder  is  turned  oif  continuously  upon  a  second  solid  one  covered  with  felt,  upon  wliidi 
it  is  condensed  by  the  pressure  of  a  third  revolving  cylinder,  and  is  thence  delivered  to 
the  dr>'ing  rollers. 

Such  is  the  general  plan  of  Mr.  Dickinson's  paper  machines,  into  which  he  has  intro- 
duced numerous  improvements  since  its  invention  in  1809,  many  of  them  secured  hj 
patent  right;  whereby  he  has  been  enabled  to  make  papers  of  first-rate  quality,  more  ptr- 
ticularly  for  the  printing-press.    See  iw/ri. 

In  July,  1830,  Mr.  Ibotson  of  Poyle,  paper  manufacturer,  obtained  a  patent,  see  b,)!;. 
788,  which  has  proved  very  successful,  for  a  peculiar  construction  of  a  sieve  or  strainer. 
Instead  of  wire  meshes,  he  uses  a  series  of  bars  of  gun-metal,  laid  in  the  bottom  of  a  box, 
vcr>'  closely  together,  so  that  the  upper  surfaces  or  the  flat  sides  may  be  in  the  same  plane, 
the  edge  of  each  bar  being  parallel  with  its  neighbor,  leaving  parallel  slits  between  them 
of  from  about  l-70th  to  1-IOOth  of  an  inch  in  width,  according  to  the  fineness  orcoarscBCSS 
of  the  paper-stuff  to  be  strained.  As  this  stuflf  is  known  to  consist  of  an  assemblage  of 
very  fine  flexible  fibres  of  hemp,  flax,  cotton,  &c.,  mixed  with  water,  and  as,  even  in  tlie 
pulp  of  which  the  bcist  paper  is  made,  the  length  of  the  said  fibres  considerably  exceeds 
the  diameter  of  the  meshes  of  which  common  strainers  are  formed,  consequently  the  long- 
est and  most  useful  fibres  were  formerly  lost  to  the  paper  manufacturer.  Mr.  Ibotson's 
improved  sieve  is  employed  to  strain  the  paper-stuff  previously  to  its  being  used  in  the 
machine  above  descrined,  (see  its  place  at  b  in  the  vat.)  When  the  strainer  is  at  work, 
9.  quick  vertical  and  lateral  jogging  motion  is  given  to  it.  by  machinery  similar  to  the  jog- 
ging screens  of  corn  mills. 

Since  the  lateral  shaking  motion  of  the  wire- web  in  the  Fourdrinier  machine,  as  origiii- 
ally  made,  was  injurious  to  the  fabric  of  the  paper,  by  bringing  its  fibies  more  closely 
together   breadthwise  than  lengthwise,  thus  tending  to   produce  long  ribs,  or  thick 
streaks  in  its  substance,  Mr.  George  Dickinson,  of  Buckland  Mill,  near  Dover,  proposed, 
in  the  specification  of  a  patent  obtained  in  February,  1828,  to  give  a  rapid  up-and-down 
movement  to  the  travelling  web  of  pulp.     He  does  not,  however,  define  with  much  pre- 
cision any  proper  mechanism  for  efi'ectin?  this  purpose,  but  claims  every  plan  which 
may  answer  this  end.     He  proposes  generally  to  mount  the  rollers,  which  conduct  the 
horizontal  endless  web,  upon  a  vibratins:  frame.    The  forepart  of  this  frame  is  attached 
to  the  standards  of  the  machine,  by  hinge  joints,  and  the  hinder  part,  or  that  upon 
which  the  pulp  is  first  poured  out,  is  supported  by  vertical  rods,  connected  with  t 
crank  on  a  shaft  below.    Rapid  rotatory  motion  being  given  to  this  crank-shaft,  the 
hinder  part  of  the  frame  necessarily  receives  a  quick  up-and-down  vibratory  movement, 
which  causes  the  water  to  be  shaken  out  from  the  web  of  pulp,  and  thus  sets  the  fibres 
of  the  paper  with  much  greater  equality  than  in  the  machines  formerly  constructed.  A 
plan  similar  to  this  was  long  ago  intro<luced  into  Mr.  Donkln's  machines,  in  which  the 
vibrntions  were  actuated  in  a  much  more  mechanical  way. 

John  Dickinson,  Esq.,  of  Nash  Mill,  obtained  a  patent  in  October,  1830,  for  a  method oT 
uniting  face  to  face  two  sheets  of  pulp  by  means  of  machinery,  in  order  to  produce  ftfO 
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of  extraoTdiinarf  thickness.  Two  yats  are  to  be  supplied  with  paper  stuff  as  usual ;  in 
which  two  hollow  barrels  or  drums  are  made  to  revolve  upon  axles  driven  b}  any  first 
mover ;  an  endless  felt  is  conducted  by  guide  rollers,  and  brought  into  contact  with  the 
drums ;  the  first  drum  gives  off  the  sheet  of  paper  pulp  from  its  periphery  to  the  felt, 
which  passing  over  a  pressing  roller,  is  conducted  by  the  felt  to  that  part  of  a  second 
drum  which  is  in  contact  with  another  pressing  roller.  A  similar  sheet  of  paper  pulp  is 
now  given  off  from  the  second  drum,  and  it  is  brought  into  contact  with  the  former  by  the 
pressure  of  its  own  roller.  The  two  sheets  of  paper  pulp  thus  united  are  carried  forward 
by  the  felt  over  a  guide  roller,  and  onward  to  a  pair  of  pressing  rollers,  where  by  contact 
the  moist  surfaces  of  the  pulp  are  made  to  adhere,  and  to  constitute  one  double  thick 
sheet  of  paper,  which,  aAer  passing  over  the  surfaces  of  hollow  drums,  heated  by  steam, 
becomes  dry  and  compact.  The  rotatory  movements  of  the  two  pulp-liAing  drums  must 
obviously  be  simultaneous,  but  that  of  the  pressing  rollers  should  be  a  little  faster,  because 
the  sheets  extend  by  the  pressure,  and  they  should  be  drawn  forward  as  fast  as  they  are 
delivered,  otherwise  creases  would  be  formed.  Upon  this  invention  is  founded  Mr.  Dick- 
inson's ingenious  method  of  making  safety-paper  for  Post-office  stamps,  by  introducing 
lilk  fibres,  &c.,  between  the  two  laminae. 

The  following  contrivance  of  the  same  inventive  manufacturer  is  a  peculiarly  elegant 
mechanical  arrangement,  and  is  likely  to  conduce  to  the  perfection  of  machine-made 
paper.  I  have  already  described  Mr.  Ibotson's  excellent  plan  of  parallel  slits,  or  gridiron 
strainers,  which  has  been  found  to  form  paper  of  superior  quality,  because  it  permits  all 
the  elongated  tenacious  fibres  to  pass,  which  give  strength  to  the  paper,  while  it  intercepts 
the  coarser  knots  and  lumps  of  the  paste,  that  were  apt  to  spoil  its  surface.  Mr.  Turn- 
er's circular  wire  sieves,  presently  to  be  noticed,  may  do  good  work,  but  they  cannot  com- 
pete with  Mr.  Dickinson's  present  invention,  which  consists  in  causing  the  diluted  paper 
pulp  to  pass  between  longitudinal  apertures,  about  the  hundred-and-^eenth  part  of  an 
inch  wide,  upon  the  surface  of  a  revolving  c^iinder. 

The  pulp  being  diluted  to  a  consistency  suitable  for  the  paper  machine,  is  delivered 
into  a  vat,  of  which  the  level  is  regulated  by  a  waste  pipe,  so  as  to  keep  it  nearly  full. 
From  this  vat  there  is  no  other  outlet  for  the  pulp,  except  through  the  wire-work  peri- 
phery of  the  revolving  cylinder,  and  thence  out  of  each  of  its  ends  into  troughs  placed 
alongside,  from  which  it  is  conducted  «to  the  machine  destined  to  convert  it  into  a 
paper  web. 

The  revolving  cylinder  is  constructed  somewhat  like  a  squirrel  cage,  of  circular  rods, 
or  an  endless  spiral  wire,  strengthened  by  transverse  metallic  bars,  and  so  formed  that  the 
spaces  between  the  rings  are  sufficient  to  allow  the  slender  fibres  of  the  pulp  to  pass 
through,  but  are  narrow  enough  to  intercept  the  knots  and  other  coarse  impurities, 
which  must  of  course  remain,  and  accumulate  in  the  vat.  The  spaces  between  the  wires 
of  the  squirrel  cage  may  vary  from  the  interval  above  stated,  which  is  intended  for  the 
finest  paper,  to  double  the  distance  for  the  coarser  kinds. 

It  has  been  stated  that  the  pulp  enters  the  revolving  cylinders  solely  through  the  inter- 
TaU  of  the  wires  in  the  circumference  of  the  cylinder;  these  wires  or  rods  are  about 
three  eighths  of  an  inch  broad  without,  and  two  eighths  within,  so  that  the  circular  slits 
d^Terge  internally.  The  rods  are  one  quarter  of  an  inch  thick,  and  are  riveted  to  the 
transverse  bars  in  each  quadrant  of  their  revolution,  as  well  as  at  their  ends  to  the 
neeks  of  the  cylinder. 

Daring  the  rotation  of  the  cylinder,  its  interstices  would  soon  get  clogged  with  the 
palp,  were  not  a  contrivance  introduced  for  creating  a  continual  vertical  agitation  in  the 
inside  of  the  cylinder.  This  is  effected  by  the  up-and-down  motion  of  an  interior  agitator 
or  plnnirer,  nearly  long  enoucrh  to  reach  from  the  one  end  of  the  cylinder  to  the  other, 
made  of  stout  copper,  and  hollow,  but  water-tight.  A  metal  bar  passes  through  it,  to 
whose  projecting  arm  at  each  end  a  strong  link  is  fixed ;  by  these  two  links  it  is  hung  to 
two  levers,  in  such  a  way  that  when  the  levers  move  up  and  down,  they  raise  and  depress 
the  agitator,  but  they  can  never  make  it  strike  the  sides  of  the  cylinder.  Being  heavier 
than  its  own  bulk  of  water,  the  agitator,  after  being  lifted  by  the  levers,  sinks  suddenly 
afterwards  by  its  weight  alone. 

The  agitator's  range  of  up-and-down  movement  should  be  about  one  inch  and  a  quarter, 
and  the  number  of  its  vibrations  about  80  or  100  per  minute;  the  flow  of  the  pulp  through 
the  apertures  is  suddenly  checked  in  its  descent  and  promoted  in  its  ascent,  with  the 
effect  of  counteracting  obstructions  between  the  ribs  of  the  cylinder. 

The  sieve  cylinder  has  a  toothed  wheel  fixed  upon  the  tubular  part  of  one  of  its  ends, 
which  works  hetwf  en  two  metal  flanches  made  fast  to  the  wooden  side  of  the  vat,  for 
the  purpose  of  keepins:  the  pulp  away  from  the  wheel ;  and  it  is  made  to  revolve  by  a 
pinion  fixed  on  a  spindle,  which  going  across  the  vat,  is  secured  by  two  plummer  blocks 
4MI  the  outside  of  the  troughs,  and  has  a  rotatory  motion  given  to  it  by  an  outside  rigger 
ar  pulley,  by  means  of  a  strap  from  the  driving  shaft,  at  the  rate  of  40  or  50  revolutions 
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per  minute.  This  spindle  has  also  two  double  eccentrics  fixed  upon  it,  immediately 
under  the  levers,  so  that  in  every  revolution  it  lifts  those  levers  twice,  and  at  the  same 
time  lifts  the  agitator. 

The  diameter  of  the  sieve  cylinder  is  not  very  material,  but  14  inches  hare  been  foand 
a  convenient  size ;  its  length  must  be  regulated  according  to  the  magnitude  of  the  machific 
which  it  is  destined  to  supply  with  pulp.  One,  four  feet  long  in  the  cage  part,  is  safficieat 
to  supply  a  machine  of  the  largest  size  in  ordinary  use,  viz.,  one  capable  of  Dialling  paper 
4  feet  6  inches  wide.  When  the  cylinder  is  of  this  length,  it  should  have  a  wheel  and 
pinion  at  each  end. 

Metal  flanches  are  firmly  fixed  to  the  sides  of  the  vat,  with  a  water-tight  joint,  and 
form  the  bearings  in  which  the  cylinder  works.  • 

Mr.  Turner  of  Berroondsey,  paper-maker,  obtained  a  patent  in  March,  183],  fort 
peculiar  strainer,  designed  to  arrest  the  lumps  mixed  with  the  finer  paper  pulp,  whereby 
he  can  dispense  with  the  usual  vat  and  hog  in  which  the  pulp  is  agitated  immediatelT 
before  it  is  floated  upon  the  endless  wire-web  of  the  Fourdrinier  apparatus.  His  straiaer 
may  also  be  applied  advantageously  to  hand  paper  machines.  He  constructs  his  sieves 
of  a  circular  form,  by  combining  any  desirable  number  of  concentric  rings  of  metal, 
with  small  openings  between  them,  from  the  50th  to  the  100th  part  of  an  inch  wide.  In 
order  to  facilitate  the  passage  of  the  fine  pulp  and  water,  the  sieves  receive  a  Tibraloi? 
motion  up  and  down,  which  supersedes  the  hog  employed  in  other  paper  makinf 
machines. 

•  A  mechanism  to  serve  the  same  purpose  as  the  preceding,  in  which  Mr.  Ibotson's  plan 
of  a  parallel  rod-strainer  is  modified,  was  made  the  subject  of  a  patent  by  Mr.  Henrr 
Brewer,  of  Surrey  Place,  Southwark,  in  March,  1832.  He  constructs  square  boxes  with 
gridiron  bottoms,  and  gives  a  powerful  up-and-down  vibration  in  the  pulp  tub,  by  levers, 
rotatory  shafts,  and  cranks. 

As  the  contrivance  is  not  deficient  in  ingeiTuity,  and  maybe  useful,  I  shall  describe  this 
mode  of  adapting  his  improved  strainers  to  a  vat  in  which  paper  is  to  be  made  by  hand 
moulds.  A  hog  (or  churning  rotator)  is  employed  for  the  purpose  of  agitating  the  pnlp 
at  the  bottom  of  the  vat,  in  which  the  sieve  is  suspended  from  a  crank-shaA,  or  in  any 
other  way,  so  as  to  receive  the  up-and-down  vibratory  motion  for  the  purpose  of  straininf 
the  pulp.  The  pulp  may  be  supplied  from  a  chest,  and  passed  through  a  cock  into  a 
trough,  by  which  it  is  conveyed  to  the  strainers. 

A  pipe  from  the  bottom  of  the  vat  leads  into  a  lifter-box,  which  is  designed  to  coavey 
thin  pulp  into  the  sieve,  in  order  to  dilute  that  which  is  delivered  from  the  chest.  This 
pipe  also  allows  the  small  lumps,  called  rolls,  to  be  re-sifted.  The  pressure  of  the  pnlp 
and  water  in  the  vat  forces  the  pulp  up  the  pipe  into  the  lifter-box,  whence  it  is  taken 
by  rotatory  lifters,  and  discharged  into  a  trough,  where  it  runs  down  and  mixes  witk 
the  thick  pulp  from  the  chest,  as  before  mentioned.  By  these  means  the  contents  of 
the  vat  arc  completely  strained  or  sifted  over  again  in  the  course  of  almost  eveiy 
hour. 

A  patent  was  obtained  for  a  paper-pulp  strainer  by  Mr.  Joseph  Amies,  of  Loose,  in 
the  county  of  Kent,  paper  manufacturer,  who  makes  the  bottoms  of  his  improved 
strainers  with  plates  of  brass  or  other  suitable  metal,  and  forms  the  apertures  for  the  fine 
fibres  of  pulp  to  pass  through,  by  cutting  short  slits  through  such  plates,  taking  caie 
that  as  much  metal  is  left  between  the  ends  of  each  short  slit  and  the  next  followinfr 
as  will  properly  brace  or  stiffen  the  ribs  of  the  strainer ;  and  he  prefers  that  the  end  of 
one  slit  shall  be  nearly  opposite  to  the  middle  of  the  two  slits  next  adjoining  it,  which 
is  commonly  called  blocking  the  joints.  This  is  for  giving  rigidity  to  the  bottom  of  the 
strainer,  and  constitutes  the  main  feature  of  his  improvement.  The  bottoms  of  sieves 
previously  constructed  with  long  metallic  rods,  he  considers  to  be  liable  to  lateial  vibra- 
tion in  use,  and  thus  to  have  permitted  knots  and  lumps  to  pass  through  their  expanded 
intervals.  I'his  objection  is  not  applicable  to  Mr.  Dickinson's  squirrel-cage  strainer,  of 
which  the  ribs  may  be  made  rigid  by  a  sufficient  number  of  transverse  bars;  nor  in  ftct 
is  it  applicable  to  Mr.  Ibotson's  original  strainer,  as  it  is  admirably  constructed  by  Messn. 
Donkin  and  Co.  Kach  bar  which  they  make  being  inflexible  by  a  feathered  rib,  is  render- 
ed perfectly  straight  in  its  edge  by  grinding  with  emery  upon  a  flat  disc-wheel  of  block  tin, 
and  of  invariable  length,  by  a  most  ingenious  method  of  turning  each  set  of  bars  in  a 
lathe.  The  bars  are  afterwards  adjusted  in  the  metallic  sieve-frame,  or  chest,  at  any 
desired  distance  apart,  from  the  120th  to  the  60th  of  an  inch,  in  such  a  manner  as  secarei 
them  from  all  risk  of  derangement  by  the  vibratory  or  jogging  motion  in  ch^Ving  the 
pulpy  fibres  through  the  lineal  intervals  between  them. 

Mr.  James  Brown,  paper  manufacturer,  of  £sk  mills,  near  Edinburgh,  obtained  a 
patent  in  May,  1836,  for  a  particular  mode  of  applying  suction  to  the  pasty  web  ii 
the  Fourdriniei^s  machine.  He  places  a  rectangular  box  transversely  beneath  the  hod- 
zontal  wire  cloth,  without  the  interposition  of  any  perforated  covering,  such  as  had 
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tried  in  the  previously  constraeted  vacaom  machines,  and  which  he  considers  to  hare 
impeded  their  efficacy  in  condensing  the  pulp  and  extracting  the  water. 

Upon  this  and  all  similar  contrivances  for  making  a  partial  vacuum  under  the  pulpy 
paper  web,  it  may  be  justly  remarked,  that  they  are  more  apt  to  injure  than  improve  the 
texture  of  the  article ;  since  when  the  suction  is  unequally  operative,  it  draws  down  not 
only  the  moisture,  but  many  of  the  vegetable  fibres,  causing  roughnesses,  and  even  nu- 
merous small  perforations  in  the  paper. 

A  modification  of  Mr.  Dickinson's  cylinder-mould  continuous  paper  machine  was 
made  the  subject  of  a  patent  in  Nov.  1830,  by  Mr.  John  Hall,  Jan.,  of  Dartford,  as 
communicated  to  him  by  a  foreigner  residing  abroad.  The  leading  feature  of  the 
invention  is  a  mode  of  supplying  the  vat  in  which  the  wire  cylinder  is  immersed  with  a 
copious  flow  of  water,  for  the  purpose  of  creating  a  considerable  pressure  upon  the  exter- 
nal surface  of  the  cylinder,  and  thereby  causing  the  fibres  of  the  paper  pulp  to  adhere  to 
the  mould. 

There  is  a  semi-cylindrical  trough,  in  which  the  mould  is  iAmersed,  and  made  to 
revolve  by  any  convenient  means.  The  pulp  is  transferred  from  the  vat  into  that  vessel 
at  its  bottom  part.  On  the  side  of  the  drum-mould  opposite  to  the  vat,  there  is  a  cis- 
tern into  which  a  copious  flow  of  water  is  delivered,  which  passes  thence  into  the  semi- 
cylindrical  trough.  In  the  interior  of  the  cylindrical  mould,  a  bent  or  syphon  tube  is 
introduced,  on  the  horizontal  part  of  which  tube,  inside,  the  mould  revolves.  This 
tube  is  connected  at  the  outside  to  a  pump,  by  which  the  water  is  drawn  from  the  in- 
terior of  the  cylindrical  mould.  Thus  the  water  in  the  semi-cylindrical  trough,  on  the 
outside  of  the  drum,  is  kept  at  a  considerably  higher  level  than  it  is  within ;  and  con- 
sequently the  pressure  of  the  water,  as  it  passes  through  the  wire  gauze,  will,  it  is  sup- 
posed, cause  the  fibres  of  the  paper  pulp  to  adhere  to  the  circumference  of  the  mould. 
The  water  which  is  withdrawn  from  the  interior  of  the  drum  by  the  recurved  tube,  is  con- 
ducted round  into  the  cistern,  where  its  discharge  is  impeded  by  several  vertical  par- 
titions, which  make  the  water  floW  in  a  gentle  stream  into  the  semi-cylindrical  mould  vat. 
In  order  to  keep  the  pulp  properly  agitated  in  the  mould  vat,  a  segment  frame,  having 
rails  extended  across  the  vat,  is  moved  to  and  fro ;  as  the  drum  mould  goes  round,  the 
fibres  of  the  pulp  are  forced  against  its  circumference,  and  as  the  water  passes  through, 
the  fibres  adhere,  forming  the  sheet  of  paper,  which,  on  arriving  at  a  couching  roller 
above,  is  taken  up  as  usual  by  an  endless  felt,  conducted  away  to  the  drying  apparatus, 
and  thence  to  the  reel  to  be  wound  up. 

The  patentee  claims  merely  the  application  of  a  pump  to  draw  the  water  from  the  in- 
terior of  the  mould  drum,  and  to  throw  it  upon  its  external  surface. 

A  rag-cutting  and  lacerating  machine  was  patented  by  Mr.  Henry  Davy,  of  Camber- 
well,  in  September,  1833,  being  a  communication  from  a  foreigner  residing  abroad. 
The  machine  consists  of  an  endless  feeding-cloth,  by  which  the  rough  rags  supplied  by 
the  attendants  are  progressively  conducted  forwards  to  a  pair  of  feed-rollers  (see  Corroif, 
•ptmwng),  and  on  passing  through  these  rollers,  the  rags  are  subjected  to  the  operation 
of  rotatOTy  eutters,  acting  against  a  fixed  or  ledger  blade,  which  cut  and  tear  them  to 
pieces.  Thence  the  rags  pass  down  an  inclined  sieve,  upon  which  they  are  agitated  to 
separate  the  dust.  The  cleaned  fragments  are  delivered  on  to  a  horizontal  screen  or 
sorting  table,  to  sufiier  examination.  When  picked  here,  they  are  ready  for  the  pulp- 
engine.  A  distinct  representation  of  this  machine  is  given  in  Newton's  Journal,  con- 
joined series,  vol.  iv.  pi.  ix.fig.  1. 

Mr.  Jean  Jacques  Jequier  obtained  a  patent  in  August,  1831,  for  a  mode  of  making 
paper  on  the  continuous  machine  with  wire-marks.  The  proposed  improvement 
consists  merely  in  the  introduction  of  a  felted  pressing  roller,  to  act  upon  the  paper  after 
it  has  been  discharged  (h>m  the  mould,  and  need  not  therefore  be  particularly  described. 

In  August,  1830,  Mr.  Thomas  Barratt,  paper-maker,  of  St.  Mary  Cray,  in  the  county 
of  Kent,  obtained  a  patent  for  an  apparatus  by  which  paper  may  be  manufactured  in  a 
continiious  sheet,  with  the  water-mark  and  maker's  name,  so  as  to  resemble  in  every 
respect  paper  made  by  hand,  in  moulds  the  size  of  each  separate  sheet.  On  the  wire 
web,  at  equal  distances  apart,  repetitions  of  the  maker's  name  or  other  deviee  is  placed, 
according  to  the  size  of  the  paper  when  cut  up  into  single  sheets.  In  manufacturing 
such  paper,  the  ordinary  method  of  winding  upon  a  reel  cannot  be  employed ;  and 
therefore  the  patentee  has  contrived  a  compensating  reel,  whose  diameter  dinunishes  at 
each  revolution,  equal  to  the  thickness  of  a  sheet  of  paper.  See  Newton's  Journal,  C.  S. 
voL  vii.  p.  286. 

For  Mr.  Lemuel  Wellman  Wright's  series  of  improvements  in  the  manufacture  of 
paper,  specified  in  his  patent  of  November,  1834, 1  must  refer  to  the  above  Journal, 
C.  8.,  Tol.  viii.  p.  86. 

A  committee  of  the  SocUU  d^Eneouragenrnd^  of  Paris,  made  researches  upon  the  best 
fumpmtion  for  siting  paper  in  the  vat,  and  gave  the  foltowing  recipe : — 
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100  kilognunmes  of  dry  paper  stuff. 
12        —  starch. 

1        —  xx>sm,  previously  dissolved  in  500  grammes 

of  carbonate  of  soda. 
18  pails  of  water. 

M .  Braconnot  proposed  the  following  formula  in  the  23d  volume  of  the  j^imaUi  de 
Chimie  tt  de  Physique : — To  100  parts  of  dry  stuff,  properly  diffused  through  water, 
add  a  boiling  uniform  solution  of  8  parts  of  flour,  with  as  much  caustic  potash  as  wiQ 
render  the  liquor  dear.  Add  to  it  one  part  of  white  soap  previously  dissolved  in  hot 
water.  At  the  same  time  heat  half  a  part  of  rosin  with  the  requisite  quantity  of  wesk 
potash  ley  for  dissolving  the  rosin ;  mix  both  solutions  together,  and  pour  into  them  one 
part  of  alum  dis^lved  in  a  little  water. 

Those  who  color  prints,  size  them  previously  with  the  following  composition :— 4  oon- 
ces  of  glue,  and  4  ou^es  of  white  soap  dissolved  in  3  English  pints  of  hot  water.  When 
the  solution  is  complete,  two  ounces  of  pounded  alum  must  be  added,  and  as  soon  as  the 
composition  is  made  homogeneous  by  stirring,  it  is  ready  for  use.  It  is  applied  coM  with 
a  sponge,  or  rather  with  a  flat  camel's  hair  brush.  Ackermann's  liquor,  as  analyzed  hj 
Vauquelin,  may  be  made  for  sizing  paper  as  follows : — 

100  kilogranmxes  of  dry  stuff. 
4  —  glue. 

8  —  resinous  soap. 

8  —  alum. 

The  soap  is  made  from  4*8  kilos,  of  pounded  rosin,  and  2*22  crjrstals  of  carbonate  of 
flodtf,  dissolved  in  100  litres  of  water.  It  is  then  boiled  till  the  mixture  becomes  quite 
uniform ;  the  glue,  previously  softened  by  12  hours'  maceration  in  cold  water,  is  to  be 
next  added  ;  and  when  this  is  totally  dissolved,  the  solution  of  alum  in  hot  water  is  poured 
in.  Three  quarts  of  this  size  were  introdaced  into  the  vat  with  the  stuflf,  and  well  mixed 
with  it.  The  paper  manufactured  with  this  paste  seemed  to  be  of  excellent  quality,  and 
well  sized. 

The  Chinese,  in  manufacturing  paper,  sometimes  employ  linen  rags,  as  we  do ;  at  other 
times,  the  fibres  of  the  young  bamboo ;  of  the  mulberry ;  the  envelope  of  the  silk-wonn 
cocoon ;  also  a  tree,  unknown  to  our  botanists,  which  the  natives  call  chu  or  ko^u ;  col- 
ton  down,  and  especially  the  cotton  tree.  The  processes  pursued  in  China  to  make  paper 
with  the  inner  iMtrk  of  their  paper-tree  (Broussonetia-papi/rifera),  or  Chinese  mulberry, 
have  been  described  at  great  length  in  the  bulletin  of  the  Society  d'  Encouragement,  for 
1826,  p.  226 ;  but  they  will  hardly  prove  serviceable  to  a  European  manufacturer.  That 
tree  has  been  acclimated  in  France. 

Chinese  paper  is  not  so  well  made  as  the  good  paper  of  Europe ;  it  is  not  so  white, 
it  i^  thinner,  and  more  brittle,  but  extremely  soft  and  silky.  The  longitudinal  tenacity 
of  its  filaments,  however,  renders  it  fitter  for  the  engraver  than  our  best  paper.  The  Chi- 
nese, after  triturating,  grinding,  and  boiling  the  bamboo,  set  the  paste  to  ferment  in  a  heap 
covered  with  mats.  Chinese  paper  is  readily  recognised,  because  it  A  smooth  on  one 
side,  and  bears  on  the  other  the  marks  of  the  brush  with  which  it  is  finished,  upon 
smooth  tables,  in  order  to  dry  it  flat.  Th^  kind  employed  for  engravings  is  in  sheets  four 
feet  long,  and  two  broad.  It  is  made  of  the  bamboo ;  their  myrtle-tree  paper  would  be 
too  strong  for  this  purpose. 

Tracing  paper. 

The  best  paper  of  this  kind,  sometimes  superfluously  called  vegetable  paper,  is  made 
of  the  refuse  of  the  flax  mills,  and  prepared  by  the  engine  without  fermentation.  It  thus 
forms  a  semi-transparent  paste,  and  aflfords  a  transparent  paper.  Bank-note  paper  is  made 
of  the  same  materials,  but  they  always  undergo  a  bleaching  with  chloride  of  lime.  Grest 
nicety  is  required  in  drying  this  kind  of  paper.  For  this  purpose,  each  sheet  most  be  pat 
between  two  sheets  of  gray  paper  in  the  press ;  and  this  gray  paper  most  be  renewed 
several  times,  to  prevent  the  bank-note  paper  from  creasing. 

Paper  of  Safety  or  Surety ;  Papier  de  Sureti. 

This  subject  has  occupied  the  attention  of  the  French  Academy  for  many  jrear^  in  eon- 
sequence  of  the  number  of  frauds  committed  upon  the  stamp  revenue  in  France.  One  of 
the  best  methods  of  making  a  paper  which  would  evince  whether  any  part  of  a  writing 
traced  upon  it  had  been  tampered  with  or  discharged,  is  to  mix  in  the  vat  two  kinds  of 
pulp,  the  one  perfectly  white,  the  other  dyed  of  any  color  easily  aflfected  by  dklorine, 
acids,  and  alkalis.  The  latter  stufi"  being  mingled  with  the  former  in  any  desired  propor- 
tion, will  furnish  a  material  for  making  a  paper  which  will  contain  colored  points  di^- 
buted  throughout  all  its  substance,  ready  to  show,  by  the  changes  they  saflTer^  whether 
any  chemicad  reaction  has  been  employed. 
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Quantity  of  Paper  charged  with  Daties  of  Excise,  in  the  United  Kingdom,  in 


1834. 

1835. 

1836. 

First  class    -        -        -        - 
Second  class      ... 
Pastehoanl,  millboard,  &c.    - 

Stained      .... 

Wi. 

54,053,721 

16,552,168 

49,392 

yards. 

8,749,144 

tt)8. 

56,179,555  • 
17,863,095 
49,772 
yards, 
8,247,931 

lbs. 

66,202,689 

15,906,258 

36,340 

yards, 

8,032,577 

Amount  of  duty,  first  class    - 

—  second  class 

—  pasteboard,  &c 

—  stained    - 

£        a.    d, 

675,671   10    0 

103,451     0    0 

54,689    0    0 

63,795  16    0 

£        9.    d. 

702,244    9    0 

111,644    0    0 

54,548  15    0 

60,141    e    0 

£        8.    d. 

'651,699    0    0 
99,414    0    0 
39,557    0    0 
22,112    0    0 

The  late  reduction  of  the  duty,  from  3d.  to  1  id.  per  lb.,  upon  paper  of  the  first  class, 
viz,,  on  all  descriptions  of  it,  except  that  made  out  of  tarred  ropes  only,  has  been  already 
attended  with  considerable  benefit  to  the  manufacture,  and  would  have  acted  with  much 
greater  effect,  but  for  the  American  crisis.  The  gross  amount  of  the  paper  duty  in  the 
year  ending  5lh  January,  1836,  was  831,057/.,  and  in  the  year  ending  5th  January, 
1838,  it  was  554,497/.;  instead  of  being  little  more  than  one  half,  as  might  have 
been  the  case  from  the  reduction  of  the  duty,  which  only  came  into  full  operation  in 
the  year  1837.  At  the  same  time  that  the  tax  on  common  paper  was  reduced,  that 
upon  stained  paper  was  repealed  altogether.  The  efiect  of  the  diminution  consequently 
iiMde  in  the  price  of  paper-hangings,  has  been  so  great  as  nearly  to  double  the  con- 
sumption of  the  countiy,  while  the  manufhcture  appears  to  be  still  rapidly  on  the 
increase. 

Declared  Value  of  Stationary  and  Printed  Books  exported  in 


Tean. 

Stationary. 

Printed  Books. 

TbtaL 

1827 

£195,110 

£107,199 

£302,30^ 

1828 

208,532 

102,874 

311,466 

1829 

190,652 

109,878 

300,530 

1830 

171,848 

95,874 

267,722 

1831 

179,216 

101,110 

280,326 

1832 

177,718 

93,038 

270,756 

1833 

211,518 

124,535 

336,053 

1834 

211,459 

122,595 

334,054 

1835 

259,105 

148,318 

407,423 

1836 

301,121 

178,945 

480,066 

Till  the  paper  trade  shall  escape  entirely  from  the  clutches  of  its  ancient  dry-nurse,  the 
excise,  neither  it  nor  the  book  trade  can  acquire  the  same  ascendency  in  exportation  which 
•11  other  articles  of  British  manufactures  have  over  the  French. 

The  value  of  Stationary  exported  in  France,  from  1833, 

Cartons  lustres  ^polished  pasteboards  for  the  cloth  manufacture) 
Cartons  en  feuilles  (pasteboard  in  sheets)       .... 
Cartons  monies  (papier-mache)  ..... 

Cartons  coupes  et  assembles  ...... 

Wrapping  paper •- 

White  paper,  and  raye  (ruled)  pour  musique  ... 

Colored  paper  in  reams      ....... 

Stained  paper  (paper  hangings)  in  rott/ea«z,    .... 

Silk  paper  ......... 


18,992  francs. 

6,352  — 

215,376  — 

64,184  — 

178,544  — 

2,903,075  — 

58,541  — 

1,885,387  — 

3,240  — 


Total  (=£208,000)  5,323,621  francs. 

PARAFFINE.  Distil  beech-tar  to  dryness,  rectify  the  heavy  oil  which  collects  at  the 
bottom  of  the  receiver,  and  when  a  thick  matter  begins  to  rise,  set  aside  what  is  distilled, 
mnd  urge  the  heat  moderately  as  long  as  any  thing  more  distils.  Pyr^laine  passes  over, 
containing  crystalline  scales  of  paraffine.  This  mixture  being  digested  with  its  own 
Toluroe  of  alcohot  of  0*833,  forms  a  limpid  solution,  which  is  to  be  gradually  diluted 
with  more  alcohol,  till  its  bulk  becomes  6  or  8  times  greater.  The  alcohol,  which  at 
£rst  dissolves  the  whole,  lets  the  parafiine  gradaally  faU.     The  precipitate  being  washed 
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with  cold  alcohol  till  it  becomes  nearly  coloriess,  and  then  dissolred  in  boQiBg  doohol,  k 
deposited  on  cooling  in  minute  spangles  and  neeidles  of  pare  pareffine. 

Or  the  above  mixture  may  be  mixed  with  firom  }  to  |  its  weight  of  concentrated  solpha- 
ric  acid,  and  subjected  for  12  hours  to  digestion,  at  a  heat  of  150P  F.,  till,  on  cooling,  crys- 
tals of  paraffine  appear  upon  the  surface.  These  are  to  be  washed  with  water,  dissolved 
in  hot  alcohol,  and  crystallized.  Paraffine  is  a  white  substance,  void  of  taste  and  tmeO, 
feels  soft  between  the  fingers,  has  a  specific  gravity  of  0*87,  melts  at  1 12P  Fahr.,  boib 
at  a  higher  temperature  with  the  exhalation  of  white  fumes,  is  not  decomposed  by  diy 
distillation,  bums  with  a  clear  white  flame  without  smoke  or  residuum,  does  not  staia 
paper,  and  consists  of  85*22  carbon,  and  14*78  hydrogen ;  having  the  same  compodtion 
as  oldiant  gas.  It  is  decomposed  neither  by  chlorine,  strong  acids,  alkalis,  nor  potss- 
sium;  and  unites  by  fusion  with  sulphur,  phosphorus,  wax,  and  rosin.  It  dissolTes 
readily  in  warm  fat  oils,  in  cold  essential  oils,  in  ether,  but  Sparingly  in  boiling  abiolnte 
alcohol.  Paraffine  is  a  singular  solid  bicarburet  of  hydrogen ;  it  has  not  hitherto  beea 
applied  to  any  use,  bat  it  would  form  admirable  candles. 

PARCHMENT.  {Pardumin,  Fr.;  Pergament,  Germ.)  This  writing  matedal  has 
been  known  since  the  earliest  times,  but  is  now  made  in  a  very  superior  manner  to  what 
it  was  anciently,  as  we  may  judge  by  inspection  of  the  old  vellum  and  parchment 
manuscripts.  The  art  of  making  parchment  consists  in  certain  manipulations  neeesssiy 
to  prepare  the  skins  of  animals  of  such  thinness,  flexibility,  and  firmness,  as  may  be  re- 
quired for  the  dMerent  uses  to  which  this  substance  is  applied.  Though  the  skins  of  all 
animals  might  be  converted  into  writing  materials,  only  those  of  the  sheep  or  the  she- 
goat  are  used  for  parchment ;  those  of  calves,  kids,  and  dead-born  lambs  for  veDom ; 
those  of  the  he-goat,  she-goat,  and  wolves  for  drum-heads ;  and  those  of  the  ass  for  battle- 
doors.  AU  these  skins  are  prepared  in  the  same  way,  with  slight  variations,  which  need 
no  particular  detail. 

They  are  first  of  all  prepared  by  the  leather-dresser.  AAer  they  are  taken  oat  of 
the  lime-pit,  shaved,  and  well  washed,  they  must  be  set  to  dry  in  such  a  way  as  to 
prevent  their  puckering,  and  to  render  them  easily  worked.  The  small  mannfae- 
turers  make  use  of  hoops  for  this  purpose,  but  the  greater  empk>y  a  Aer»f ,  or  stoot 
wooden  frame.  This  is  formed  of  two  uprights  and  two  cross-bars  solidly  joined  together 
by  tenons  and  mortises,  so  as  to  form  a  strong  piece  of  carpentry,  which  is  to  be  fixed  op 
against  a  waU.  These  four  bars  are  perforated  all  over  with  a  series  of  holes,  of  snch 
dimensions  as  to  receive  slightly  tapered  box-wood  pins,  truly  turned,  or  even  inn 
bolts.  Each  of  these  pins  is  transpierced  with  a  hole  like  the  pin  of  a  violin,  by  means 
of  which  the  strings  employed  in  stretching  the  skin  may  be  tightened.  Above  the  Actm, 
a  shelf  is  placed,  for  receiving  the  tools  which  the  workman  needs  to  have  always 
at  hand.  In  oitier  to  stretch  the  skin  upon  the  frame,  larger  or  smaller  skewen 
are  employed,  according  as  a  greatei  or  smaller  piece  of  it  is  to  be  laid  holi 
of.  Six  holes  are  made  in  a  straight  line  to  receive  the  larger,  and  four  to  receive 
the  smaller  skewers  or  pins.  These  small  slits  are  made  with  a  tool  like  a  carpento's 
chisel,  and  of  the  exact  size  to  admit  the  skewer.  The  string  round  the  skewer  is 
affixed  to  one  of  the  bolts  in  the  frame,  which  arc  turned  round  by  means  of  a  key,  like 
that  by  which  pianos  and  harps  are  tuned.  The  skewer  is  threaded  through  the  skia  ia 
a  state  of  tension. 

Every  thing  being  thns  prepared,  and  the  skin  being  well  softened,  th«;  worionsji 
stretches  it  powerfully  by  means  of  the  skewers ;  he  attaches  the  cords  to  the  skewen, 
and  fixes  their  ends  to  the  iron  pegs  or  pins.  He  then  stretches  the  skin,  first  with  his 
hand  applied  to  the  pins,  and  afterwards  with  the  key.  Great  care  must  be  taken  that 
no  wi  inkles  are  formed.  The  skin  is  usually  stretched  more  in  length  than  in  breadtk, 
ftrom  the  custom  of  the  trade ;  though  extension  in  breadth  wouM  be  preferable,  ia  Older 
to  reduce  the  thickness  of  the  part  opposite  the  backbone. 
^  The  workman  now  takes  the  fleshing  tool  represented  under  Cuiuitiivo.  It  it  a  semi- 
circular double-edged  knife,  made  fast  into  a  doable  wooden  handle.  Otber  Ibms  cf 
the  fleshing-kaife  edge  are  also  used.  They  are  sharpened  by  a  steeL  Tbe  wvwfcDtt 
seizes  the  tool  in  his  two  hands,  so  as  to  place  the  edge  perpendicularly  to  the  skia,  aail 
pressing  it  carefully  from  above  downwards,  removes  the  fleshy  excrescenees,  and  lays 
them  aside  for  making  glue.  He  now  turns  round  the  herse  upon  the  waU,  in  order  ts 
gst  access  to  the  outside  of  the  skin,  and  to  scrape  it  with  the  tool  inverted,  so  as  to 
run  nd  risk  of  cutting  the  epidermis.  He  thus  removes  any  adhering  filthy  and  sqaceses 
o«t  some  water.  The  skin  must  next  be  ground.  For  this  purpose  it  is  spriakM 
apon  the  fleshy  skle  with  sifted  chalk  or  slaked  lime,  and  then  rubbed  in  all  direetk»s 
with  a  piece  of  painice-stone,  4  or  5  inches  in  area,  previously  flattened  apon  a  ssndtfone. 
The  lime  gets  soon  moist  from  the  water  contained  in  the  skin.  X^e  pomice-stoae  ii 
Ihea  nibbed  over  the  other  skle  of  the  skin,  but  without  chalk  or  lime.  This  operataon 
is  neeessary  only  for  the  best  parchment  or  vellum.  The  skia  is  now  allowed  to  dry 
upon  the  frame  j  being  carefnUy  protected  from  sunshine,  and  from  fiost.    In  the  and 
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weather  of  summer  a  moist  cloth  needs  to  be  applied  to  it  fVom  time  to  time,  to  prevent 
its  drying  too  suddenly ;  immediately  aAer  which  the  skewers  require  to  be  tightened. 

When  it  is  perfectly  dry,  the  white  color  is  to  be  removed  by  nibbing  it  with  the 
woolly  side  of  a  lambskin.  But  great  care  must  be  taken  not  to  fray  the  smface ;  a  eir» 
Aomstance  of  which  some  manufacturers  are  so  much  afraid,  as  not  to  use  either  chalk  or 
lime  in  the  polishing.  Should  any  grease  be  detected  upon  it,  it  must  be  removed  by 
steeping  it  in  a  lime  pit  for  10  days,  then  stretching  it  anew  upon  the  herte,  aAer  which 
it  is  transferred  to  the  tcraper 

This  workman  employs  here  an  edge  tool  of  the  same  shape  as  the  fleshing-knife,  but 
larger  and  sharper.  He  mounts  the  skin  upon  a  frame  like  the  herae  above  described ; 
hat  he  extends  it  merely  with  cords,  without  skewers  or  jiins,  and  supports  it  gfnerally 
upon  a  piece  of  raw  calfskin,  strongly  stretched.  The  t&il  of  the  dun  being  placed 
towards  the  bottom  of  the  frame,  the  workman  firsf  pares  off,  with  a  sharp  kaife,  any 
considerable  roughnesses,  and  then  scrapes  the  outside  surface  oMiquely  downwards  with 
the  proper  tools,  till  it  becomes  perfectly  smooth  :  the  fleshy  side  needs  no  such  operation, 
and  indeed  were  both  sides  scraped*  the  skin  would  be  apt  to  become  too  thin,  the  only 
olgect  of  the  scraper  being  to  equalize  its  thickness.  Whatever  irregularities  remain, 
may  be  removed  with  a  piece  of  the  finest  pumice-stone,  well  flattened  beforehand  upon 
a  fine  sandstone.  This  process  is  performed  by  laying  the  rough  parchment  upon  an  ob- 
loBf  plank  of  wood,  in  the  form  of  a  stool ;  the  plank  being  covered  with  a  piece  of  soft 
parehment  stuffed  with  wool,  to  form  an  elastic  cushion  for  the  grinding  operation.  It  is 
merely  the  outside  surface  that  requires  to  be  pumiced.  The  celebrated  Strasburgh 
Tdlom  is  prepared  with  remarkably  fine  pumice<«tones. 

If  any  small  holes  happen  to  be  made  in  the  parchment,  they  must  be  neatly  patched. 
Iff  cutting  their  edges  thin,  and  pasting  on  small  pieces  with  gum  water. 

The  skins  for  drum-heads,  sieves,  and  battledoors  are  prepared  in  the  same  way.  For 
droms,  the  skins  of  asses,  calves,  or  wolves  are  employed ;  the  last  being  preferred.  Ass 
skins  are  used  for  battledoors.  For  sieves,  the  skins  of  cailves,  she-goats,  and,  best  of  all, 
he-goats  are  employed.    Church  books  are  covered  with  the  dressed  skins  of  pigs. 

Parchment  is  colored  only  green.  The  following  is  the  process.  In  500  parts  of  rain 
water,  boil  8  of  cream  of  tartar,  and  30  of  crystallized  verdigris ;  when  this  solution  is 
dold,  pour  into  it  4  parts  of  nitric  acid.  Moisten  the  parchment  with  a  brush,  and  then  ap- 
j^  the  above  liquid  evenly  over  its  surface.  Lastly,  the  necessary  lustre  may  be  given 
with  white  of  eggs,  or  mucilage  of  gum  arabic. 

PARTING  (Depart,  Fr. ;  Scheidungy  Germ.),  is  the  process  by  which  gold  is  separated 
fiom  silver.    See  Assay,  Gold,  Refining,  and  Silver. 

PASTEL,  is  the  French  name  of  colored  crayons. 

PASTEL,  is  a  dye  stuff,  allied  to  Indigo,  which  see. 

PACTES,  or  FACTITIOUS  GEMS.  {Piem$  pricituses  artificieUesyFT,;  Gltupawtm^ 
Genn.)  The  general  vitreous  body  called  Strass,  (from  the  name  of  its  Gennan  inven- 
tor,) inferred  by  Fontanier  in  his  treatise  on  this  subject,  and  which  he  styles  the  May- 
eace  base,  is  prepared  in  the  following  manner : — 8  ounces  of  pure  rock-crystal  or  flint 
in  powder,  mixed  with  24  ounces  of  salt  of  tartar,  are  to  be  baked  and  left  to  cool.  The 
mixture  is  to  be  afterwards  poured  into  a  basin  of  hot  water,  and  treated  with  dilute  nitric 
aeid  till  it  ceases  to  effervesce ;  and  then  the  frit  is  to  be  washed  till  the  water  comes  off 
taatdess.  This  is  to  be  dried,  and  mixed  with  12  ounces  of  fine  white-lead,  and  the  mix- 
tore  is  to  be  levigated  and  elutriated  with  a  little  distilled  water.  An  ounce  of  calcined 
borax  being  add^  to  about  12  ounces  of  the  preceding  mixture  in  a  dry  state,  the  whole 
it  to  be  rubbed  together  in  a  porcelain  mortar,  melted  in  a  clean  crucible,  and  poured  out 
into  cold  water.  This  vitreous  matter  must  be  dried,  and  melted  a  second  and  a  third 
time,  always  in  a  new  crucible,  and  aAer  each  melting  poured  into  cold  water,  as  at  first, 
taking  care  to  separate  the  lead  that  may  be  revived.  To  the  third  fVit,  ground  to  pow- 
der, 5  drachms  of  nitre  are  to  be  added ;  and  the  mixture  being  melted  for  the  last  time, 
a  mass  of  crystal  will  be  found  in  the  crucible,  of  a  beautiful  lustre.  The  diamond  may 
be  well  imitated  by  this  Mayence  base.  Another  very  fine  white  crystal  may  be  ob- 
tained, according  to  M.  Fontanier,  from  8  ounces  of  white-lead,  2  ounces  of  powdered 
borax,  |  grain  of  manganese,  and  3  ounces  of  rock-crystal,  treated  as  above. 

The  colors  of  artificial  gems  are  obtained  from  metallic  oxydes.  The  oriental  topaz  is 
prepared  by  adding  oxyde  of  antimony  to  the  base ;  the  amethyst,  by  manganese  with  a 
little  of  the  purple  of  Cassius ;  the  beryl,  by  antimony  and  a  very  little  cobalt ;  yellow 
artificial  diamond  and  opal,  by  horn-silver  (chloride  of  silver) ;  blue-stone  or  sapphire,  by 
eobalt.    The  following  proportions  have  been  given  : — 

For  the  ^feUaw  diamond.  To  1  ounce  of  strass  add  24  grains  of  chloride  of  silver,  or 
10  grains  of  glass  of  antimony. 

For  the  rappfctre.  To  24  ounces  of  strass,  add  2  drachms  and  26  grains  of  the  oxyde 
of  cobalt. 

For  the  onental  rwby.    To  16  ounces  of  strass,  add  a  mixture  of  2  drachms  and  48 
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grains  of  the  precipitate  of  Cassias,  the  same  quantity  of  peroxyde  of  iron  prepared  by 
nitric  acid,  the  same  quantity  of  golden  sulphuret  of  antimony  and  of  manganese  calcined 
with  nitre,  and  2  ounces  of  rock  crystal.  Manganese  alone,  combined  with  the  base  in 
proper  quantity,  is  said  to  give  a  ruby  color. 

For  the  emerald.  To  15  ounces  of  strass,  add  1  drachm  of  mountain  blue  (carbonate 
of  copper),  and  6  grains  of  glass  of  antimony ;  or,  to  1  ounce  of  base,  add  20  grains  of 
glass  of  antimony,  and  3  grains  of  oxyde  of  cobalt. 

For  the  common  opal.  To  1  ounce  of  strass,  add  10  grains  of  hom-silTer,  2  grains  of 
calcined  magnetic  ore,  and  26  grains  of  an  absorbent  earth  (probably  chidk-mari) 
Fontanier, 

M.  I)oaault-Wi^land,  in  an  experimental  memoir  on  the  preparation  of  artificial  colond 
stones,  has  oifered  the  following  instructions,  as  being  more  exact  than  what  were  pub- 
lished before. 

The  base  of  aU  artificial  stones  is  a  colorless  glass,  which  he  calls  fondant^  or  flax ; 
and  he  unites  it  to  metallic  oxydes,  in  order  to  produce  the  imitations.  If  it  be  worked 
alone  on  the  lapidary's  wheel,  it  counterfeits  brilliants  and  rose  diamonds  remarkably 
well. 

This  base  or  strass  is  composed  of  silex*  potash,  borax,  oxyde  of  lead,  and  sometinies 
arsenic.  The  silicious  matter  should  be  perfectly  pure ;  and  if  obtained  from  sand,  it 
ought  to  be  calcined  and  washed,  first  with  dilute  muriatic  add,  and  then  with  water. 
The  crystal  or  flint  should  be  made  redhot,  quenched  in  water,  and  ground,  as  in  the  pot- 
teries. The  potash  should  be  purified  from  the  best  pearlash ;  and  the  borax  should  be 
refined  by  one  or  two  crystallizations.  The  oxyde  of  lead  should  be  absolutely  free  fron 
tin,  for  the  least  portion  of  this  latter  metal  causes  milkiness.  Good  red-lead  is  prefera- 
ble to  litharge.  The  arsenic  should  also  be  pure.  Hessian  crucibles  are  iHreferaUe  to 
those  of  porcelain,  for  they  are  not  so  apt  to  crack  and  run  out.  Either  a  pottery  or 
porcelain  kiln  will  answer,  and  the  fusion  should  be  continued  24  hours ;  for  the  more 
tranquil  and  continuous  it  is,  the  denser  is  the  paste,  and  the  greater  its  beauty.  The 
following  four  recipes  have  afforded  good  strass : — 


No.  I. 


Rock  crystal 
Minium 
Pure  potash 
Borax 
Arsenic 


Oraina. 

4056 

6300 

2154 

276 

12 


No.  m. 


No.n. 

Sand 3600 

Ceruse  of  Clichy  (pure  carbonate  of 

lead) 8508 

Potash 1260 

Borax 360 

Arsenic 12 


Rock  crystal 

Minium 

Potash 

Borax 

Arsenic 


Rock  crystal 
Ceruse  of  Clichy 
Potash 
Borax 


No.  IV. 


3496 

6^ 

194f 

216 

6 


3600 
8506 

1260 


Or, 


Very  white  paste 
Glass  of  antimony 
Cassius  purple 


Topaz. 


Paste     ...... 

Oxyde  of  iron,  called  Saffron  of  Mars 

Ruby. 


Ovsiat. 
IOCS 
43 
1 

3456 
36 


M.  Wi^land  succeeded  in  obtaining  excellent  imitations  of  rubies,  by  moving  qm  of 
the  topaz  materials.    It  often  happened  that  the  mixture  for  topazes  gave  only  an  opaque 
mass,  translucent  at  the  edges,  and  in  thin  plates  of  a  red  color.    1  part  of  this  snbstanee 
being  mixed  with  8  parts  of  strass,  and  fused  for  30  hours,  gave  a  fine  yellowish  eryslal- 
like  paste,  and  fragments  of  this  fused  before  the  blowpipe,  afforded  the  finest  itniftina 
of  rubies.    The  result  was  always  the  same. 
The  following  are  other  proportions  for  rubies : —  Graij». 

Paste     ..........        28S0 

Oxyde  of  manganese      .......  72 

Emirald. 

Paste                     4608 

Green  oxyde  of  pure  copper 42 

Oxyde  of  chrome    •.--....  2 
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Sapphire,  Grains. 

Paste 4608 

Oxyde  of  cobalt 68 

Tbls  mixture  should  be  carefully  fused  in  a  luted  Hessian  crucible,  and  be  left  30  hours 
•n.  the  fire. 


Syrian  Garnet,  or  jSneient  Carbuncle, 

Grains. 
Paste 512 

Glass  of  antimony       ,.       .       .         256 
Cassius  purple        ....  2 

Oxyde  of  manganese    •       •       •  2 


jimethyet. 

Grains. 

Paste 4608 

Oxyde  of  manganese   .       .       -  36 

Oxyde  of  cobalt      ....        24 
Purple  of  Cassius        ...  l 

Beryly  or  Jqua  Marima,  .  ••  Grains. 

Paste 3456 

Glass  of  antimony    -        -        -        -        -        ...^ 
Oxyde  of  cobalt *-        -IJ 

In  an  these  mixtures,  the  substances  should  be  mixed  by  siding,  fVised  very  carefully, 
mnd  cooled  very  slowly,  after  having  been  led  in  the  fire  from  24  to  30  hours. 

M.  Lan^on  has  also  made  many  experimenis  on  the  same  subject.  The  following  are 
a  few  of  his  proportions  : — 


Paste,  Grains. 

Litharge 100 

White  sand 75 

White  tartar,  or  potash  -       -        10 


jSmethytt,  Grains. 

Paste 9216 

Oxyde  of  manganese     -         from  15  to  24 
Oxyde  of  cobalt      ....         i 


Emerald,  Grains. 

Paste 9216 

Acetate  of  copper        ......  72 

Peroxyde  of  iron,  or  safiron  of  Mars        -        -        -      .     1*5 

PASTILLE  is  the  English  name  of  small  cones  made  of  gum  benzoin,  with  powder 
of  cinnamon,  and  other  aromatics,  which  are  burned  as  incense,  to  diffuse  a  grateful  odor, 
sind  conceal  unpleasant  smells  in  apartments.    See  Perfumery. 

PASTILLE  is  the  French  name  of  certain  aromatic  sugared  confections ;  called  also 
tablettes,  \ 

PEARLASH,  a  commercial  form  of  Potash,  which  see. 

PEARLS  {Perks  Ft,  ;  Perlen,  Germ.),  are  the  productions  of  certain  shell-fish.  These 
molluscse  are  subject  to  a  kind  of  disease  caused  by  the  introduction  of  foreign  bodies 
within  their  shells.  In  this  case,  their  pearly  secretion,  instead  of  being  spread  in  layers 
apon  the  inside  of  their  habitation,  is  accumi:Qated  round  these  particles  in  concentric  lay- 
ers.   Pearl  consists  of  carbonate  of  lime,  interstratified  with  animal  membrane. 

The  oysters  whose  shells  are  richest  in  mother  of  pearl,  are  most  productive  of 
these  highly  prized  spherical  concretions.  The  most  valuable  pearl  fisheries  are  on  the 
coast  of  Ceylon,  and  at  Olmutz  in  the  Persian  Gulf,  and  their  finest  specimens  are  more 
highly  prized  in  the  East  than  diamonds,  but  in  Europe  they  are  liable  to  be  rated  very 
differently,  according  to  the  caprice  of  fashion.  When  the  pearls  are  large,  truly 
spherical,  reflecting  and  decomposing  the  light  with  much  vivacity,  they  are  much 
admired.  But  one  of  the  causes  which  renders  their  value  fluctuating,  is  the  occasional 
loss  of  their  peculiar  lustre,  without  our  being  able  to  assign  a  satisfactory  reason  for  it. 
Besides,  they  can  be  now  so  well  imitated,  that  the  artificial  pearls  have  nearly  as  rich  an 
appearance  as  the  real. 

PEARLS,  ARTIFICIAL.  These  are  small  globules  or  pear-shaped  spheroids  of 
thin  glass,  perforated  with  two  opposite  holes,  through  which  they  are  strung,  and 
mounted  into  necklaces,  &c.,  like  real  pearl  ornaments.  They  must  not  only  be  white 
and  brilliant,  but  exhibit  the  iridescent  reflections  of  mother  of  pearl.  The  liquor 
employed  to  imitate  the  pearly  lustre,  is  called  the  essence  of  the  East  {essence  d*  orient), 
which  is  prepared  by  throwing  into  water  of  ammonia  the  brilliant  scales,  or  rather  the 
lamella,  separated  by  washing  and  friction,  of  the  scales  of  a  small  river  fish,  the  blay, 
called  in  French  ahlette.  These  scales  digested  in  ammonia,  having  acquired  a  degree  of 
softness  and  flexibility  which  allow  of  their  application  to  the  inner  surfaces  of  the  glass 
globules,  they  are  introduced  by  suction  of  the  liquor  containing  them  in  suspension.  The 
ammonia  is  volatilized  in  the  act  of  drying  the  globules. 

It  is  said  that  some  manufacturers  employ  ammonia  merely  to  prevent  the  alteration 
of  the  scales;  that  when  they  wish  to  make  use  of  them,  they  suspend  them  in  a 
well  clarified  solution  of  isinglass,  then  pour  a  drop  of  the  mixture  into  each  bead, 
and  spread  it  round  the  inner  surface.  It  is  doubtful  whether,  by  this  method,  the  same 
lustre  and  play  of  colors  can  be  obtained  as  by  the  former.  It  seems  moreover  to  be 
of  importance  for  the  success  of  the  imitation,  that  the  globules  be  fonned  of  a  bluish, 
opalescent,  very  thin  glass,  containing  but  little  potash  and  oxyde  of  lead.    In  every  mann- 
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factory  of  artificial  pearls,  there  must  be  some  workmen  possessed  of  great  experieaee 
and  dexterity.    The  French  are  supposed  to  excel  in  this  ingenious  branch  of  industry. 

P£ARL  WHITE  is  a  submuriate  of  bismuth,  obtained  by  ponrinsr  •  solution  of  Ite 
nitrate  of  that  metal  into  a  dilute  solution  of  sea-salt,  whereby  a  light  and  Tcry  white 
powder  is  obtained,  which  is  to  be  well  washed  and  dried.    See  Bismuth. 

PECTI C  ACID  (Jddi  ptdiquiy  Ft.  ;  GaUertsaiire,  Germ.),  so  named  on  accomt 
of  its  jellying  property,  from  iri)*ri(,  coaguium,  exists  in  a  vast  number  of  TegetaUes. 
The  easiest  way  of  preparing  it,  is  to  grate  the  roots  of  carrots  into  a  pnlp,  to  exprm 
their  juice,  to  wash  the  marc  with  rain  or  distilled  water,  and  to  squeeze  it  well;  80 
parts  of  the  marc  are  next  to  be  diffused  through  300  of  rain-water,  adding  by  sbv 
degrees  a  solution  of  one  part  of  pure  potash,  or  two  of  bicarbonate.  This  mixtoit 
is  to  be  heated,  so  as  to  be  made  to  boil  for  about  a  quarter  of  an  hour,  and  is  then  tt 
be  thrown  boiling-hot  upon  a  filter  clolh.  It  is  known  to  have  been  well  cnoigh 
boiled,  when  a  sample  of  the  filtered  liquor  becomes  gelatinous  by  neutralizing  it  with 
an  acid.  This  liquor  contains  pectate  of  potassa,  in  addition  to  other  matters  extrica^ 
from  the  root.  The  pectate  may  be  decomposed  by  a  stronger  acid,  but  it  it  better  to 
decompose  it  by  muriate  of  lime ;  whereby  a  pectate  of  lime,  in  a  gelatinous  form,  qiilc 
insoluble  in  water,  is  obtained.  This  having  been  washed  with  cold  Water  upon  a  ckCk, 
is  to  be  boiled  In  water  containing  as  much  muriatic  acid  as  will  saturate  the  lime.  Tht 
pectic  acid  thus  liberated,  remains  under  the  form  of  a  colorless  jelly,  which  reddens  lit- 
mus paper,  and  tastes  sour,  even  after  it  is  entirely  deprived  nf  the  muriatic  acid.  Cold 
water  dissolves  very  little  of  it ;  it  is  more  soluble  in  boiling  water.  The  solution  ii 
colorless,  does  not  coagulate  on  cooling,  and  hardly  reddens  litmus  paper ;  but  it  gelatin^ 
zes  when  alcohol,  acids,  alkalis,  or  salts  are  added  to  it.  Even  sugar  transforms  it,  after 
some  time,  into  a  gelatinous  state,  a  circumstance  which  serves  to  explain  the  preparation 
of  apple,  cherry,  raspberry,  gooseberry,  and  other  jellies. 

PECTINE,  or  vegetable  jelly,  is  obtained  by  mixing  alcohol  with  the  juice  of  ripe 
currants,  or  any  similar  fruit,  till  a  gelatinous  precipitate  takes  place ;  which  is  to  he 
gently  squeezed  in  a  cloth,  washed  with  a  little  weak  alcohol,  and  dried.  Thus  pm* 
pared,  pectine  is  insipid,  without  action  upon  litmus,  in  small  pieces,  semi-transparent^ 
and  of  a  membranous  aspect,  like  isinglass.  Its  mucilaginous  solution  in  cold  water  it 
not  tinged  blue  with  iodine.  A  very  small  addition  of  potash,  or  its  carbonate,  conYcrts 
pectine  into  pectic  acid ;  both  of  which  substances  ore  transformed  into  mucie  and  ozalie 
acids  by  the  nitric. 

PELTRY  {PelUttrie,  Fr. ;  PeUtcerk,  Germ.),  is  nearly  synonjmous  with  fur,  and 
comprehends  the  skins  of  different  kinds  of  wild  animals  that  are  found  in  high 
northern  latitudes,  particularly  in  the  American  continent ;  such  as  the  beaver,  bev, 
moosedeer,  marten,  mink,  sable,  wolverine,  wolf,  &c.  When  these  skins  have  received 
no  preparation  but  from  the  hunters,  they  are  most  properly  called  peltry ;  but  when  they 
have  had  the  inner  side  tawed  or  tanned  (see  Leatheji)  by  an  aluminous  process,  they 
may  then  be  denominated /«r«. 

The  scouring  or  cleaning  of  peltry  is  performed  in  a  large  cask,  or  tnincated  cone 
laid  on  its  side,  and  traversed  by  a  revolving  shaft,  which  is  furnished  with  a  few 
rectangular  rounded  pegs.  These  are  intended  to  stir  round  the  skins,  while  they  are 
dusted  over  with  Paris  plaster,  whitening,  or  sometimes  sand,  made  as  hot  at  tht 
hand  can  bear.  The  bottom  of  the  cask  should  be  grated,  to  allow  the  impnritiet  to 
fall  out.  The  lustrage,  which  the  cleansed  skins  next  undergo,  is  merely  a  tpeciet  cf 
dyeine,  either  topical,  to  modify  certain  disagreeable  shades,  or  general,  to  impart  a  more 
beautiful  color  to  the  fur.  Under  the  articles  Dyking,  and  the  several  colort,  at  alto 
Hair  and  Morocco,  sufficient  instructions  will  be  found  for  dyeing  flur.  The  mordants 
should  be  applied  pretty  hot  by  a  brush,  on  the  hair  of  the  skin,  stretched  upon  a  solid 
table ;  and  oAer  two  or  three  applications,  with  drying  between,  the  tinctorial  infusioiit 
may  be  rubbed  on  in  the  same  way.  The  hair  must  be  freed  beforehand  from  all  greati- 
ness,  by  lime  water,  or  a  weak  solution  of  carbonate  of  soda ;  then  well  washed.  Much 
nicety,  and  many  successive  applications  of  the  dye-stuflT,  are  sometimes  reqnitite  to  bring 
out  the  desired  shade. 

Under  Hat  Manufactttre,  I  referred  to  this  article  for  a  description  of  the  proces 
of  aScretage,  whereby  the  hairs  of  rabbit  and  hare  skins  are  rendered  fit  for  felting. 
Dissolve  32  parts  of  quicksilver  in  500  of  common  aquafortis ;  and  dilute  the  solntkn 
with  one  half  or  two  thirds  of  its  bulk  of  water,  according  to  the  strength  of  the  add. 
'The  skin  being  laid  upon  a  table  with  the  hair  side  uppermost,  a  brush,  made  with  the 
bristles  of  the  wild  boar,  is  to  be  slightly  moistened  with  the  mercurial  solution,  and 
passed  over  the  smooth  surface  of  the  hairs  with  strong  pressure.  This  application 
must  be  repeated  several  times  in  succession,  till  every  part  of  the  fur  be  equally 
touched,  and  till  about  two  thirds  of  the  lensrth  of  the  hairs  be  moistened,  or  a  little 
more,  should  they  be  rigid.  In  order  to  complete  this  impregnation,  the  skins  are  laid 
togeUier  in  pairs  with  the  hairy  sides  in  contact,  put  in  this  state  into  the  store-roon^ 
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aid  expoted  to  a  heat  higher  in  jyroportion  to  the  weakness  of  the  mercnrial  solution. 
The  drying  should  he  rapidly  effected,  otherwise  the  concentration  of  the  nitrate  will  not 
tike  doe  ^ect  in  causing  the  retraction  and  curling  of  the  hairs. 

No  other  acid,  or  metallic  solution,  but  the  above,  has  been  found  to  answer  the  de- 
wed porposc  of  the  hatmaker.  AAer  the  hairs  are  properly  Hcrettdy  they  are  plucked 
ctbf  hand,  or  shorn  off  by  a  machine. 

PENCIL  MANUFACTURE.  (Crayons,  fahriqiu  de,  Fr.;  Bleiati/ley  vtrfertigung, 
Gcnn.)  The  word  pencil  is  used  in  two  senses.  It  signifies  either  a  small  hair  bru& 
cDploycd  by  painters  in  oil  and  water  colors,  or  a  slender  cylinder,  of  black  lead  or  plum- 
tafo^  either  naked  or  enclosed  in  a  wooden  case,  for  drawing  black  lines  upon  paper. 
TV  hst  sort,  which  is  the  one  to  be  considered  here,  corresponds  nearly  io  the  French 
tem  cnyoD,  though  this  includes  also  pencils  made  of  differently  colored  earthy  compo- 
■lioiis.    6ee  Cbaton. 

The  best  black-lead  pencfls  of  this  country  are  formed  of  slender  parallelopipeds,  c«t 
cit  hy  a  saw  from  sound  pieces  of  plumbago,  which  have  been  previously  calcined  in  close 
vcuels  at  a  bright  red  heat.  These  parallelopipeds  are  generally  enclosed  in  cases  made 
tf  cedar  wood,  though  of  late  years  they  are  also  used  alone,  in  peculiar  pencil-cases, 
udrr  the  name  of  ever-pointed  pencils,  provided  with  an  iron  wire  and  screw,  to  pro- 
tnrie  a  minute  portion  of  the  plumbago  beyond  the  tubular  metallic  case,  in  proportion 
IS  it  is  wanted. 

Ii  the  year  1795,  M.  Conte,  a  French  gentleman,  well  acquainted  with  the  mechanical 
vtf,  invented  an  ingenious  process  for  making  artificial  black-lead  pencils  of  superior 
^ty,  by  which  he  and  his  successor  and  son-in-law,  M.  Humblot,  have  realized  large 
fortoDes. 

Pore  clay,  or  clay  containing  the  smallest  proportion  of  calcareous  or  silicious  matter, 
ii  tbe  sabstaoce  which  he  employed  to  give  aggregation  and  solidity,  not  only  to  plnm- 
^dost,  but  to  all  sorts  of  colored  powders.  That  earth  has  the  property  of  diminish- 
iif  m  balk,  and  increasing  in  hardness,  in  exact  proportion  to  the  degree  of  heat  it  if 
Qpowd  tOy  and  hence  may  be  made  to  give  every  degree  of  solidity  to  crayons.  The 
dij  it  prepared  by  diffusing  it  in  large  tubs  through  clear  river  water,  and  letting  the 
tliii  mixture  settle  for  two  minutes.  The  supernatant  milky  liquor  is  drawn  ofi'  by  a 
>TP^  from  near  the  surface,  so  that  only  the  finest  particles  of  clay  are  transferred  into 
fke  second  tab,  upon  a  lower  level.  The  sediment,  which  falls  very  slowly  in  this  tub^ 
■  extremely  soA  and  plastic.  The  clear  wilier  being  run  off,  the  deposite  is  placed  upon 
t  linen  filter,  and  allowed  to  dry.    It  is  now  ready  for  use. 

Tbe  plumbago  must  be  reduced  to  a  fine  powder  in  an  iron  mortar,  then  put  into  a 
fndble,  and  calcined  at  a  heat  approaching  to  whiteness.  The  action  of  the  fire  gives 
it  I  hrilliancy  and  softness  which  it  would  not  otherwise  possess,  and  prerents  it  from 
^nsg  aflected  by  the  clay,  which  it  is  apt  to  be  in  its  natural  state.  The  less  clay  is 
vised  with  the  plumbago,  and  the  less  the  mixture  is  calcined,  the  soAer  are  the  pencils 
■ide  of  it ;  the  more  clay  is  used  the  harder  are  the  pencils.  Some  of  the  best  pencilt 
■^  by  M.  Cont^,  were  formed  of  two  parts  of  plumbago  and  three  parts  of  clay ;  others 
tf  equal  parts.  This  composition  admits  of  indefinite  variations,  both  as  to  the  shade  and 
Msess ;  advantages  not  possessed  by  the  native  mineral.  While  the  traces  may  be 
■ide  as  black  as  those  of  pure  plumbago,  they  have  not  that  glistening  aspect  which 
*ftn  impairs  the  beauty  of  black-lead  drawings.  The  same  lustre  may,  however,  be  ob- 
^«d  by  increasing  the  proportion  of  powdered  plumbago  relatively  to  the  clay. 

The  materiab  having  been  carefully  sifted,  a  little  of  the  clay  is  to  be  mixed  with  the 
piVBbago,  and  the  mixture  is  to  be  triturated  with  water  into  a  perfectly  uniform  paste. 
A  portkm  of  this  paste  may  be  tested  by  calcination.  If  on  cutting  the  indurated  mass, 
PVtidcs  of  plnmbago  appear,  the  whole  must  be  further  levigated.  The  remainder  of 
^  clay  is  now  to  be  introduced,  and  the  paste  is  to  be  ground  with  a  muller  upon  a 
Porpl^ry  slab,  till  it  be  quite  homogeneous,  and  of  the  consistence  of  thin  dough.  It  is 
>ov  In  he  made  into  a  ball,  put  upon  a  support,  and  placed  under  a  bell  glass  inverted  in 
ibttm  of  water,  so  as  to  be  exposed  merely  to  the  moist  air. 

^eiall  grooves  are  to  be  made  in  a  smooth  board,  similar  to  the  pencil  parallelopipeds, 
^  I  little  longer  and  wider,  to  allow  fur  the  contraction  of  volume.  The  wood  must  be 
Ned  in  grease,  to  prevent  the  paste  from  sticking  to  it.  The  above  deftcribed  paste 
^^  prrssed  with  a  spatula  into  these  grooves,  another  board,  also  boiled  in  crease,  is 
^  be  hid  o%'er  them  very  closely,  and  secured  by  means  of  screw-clamps.  As  the  ntmo- 
'P^cric  air  can  get  access  only  to  the  ends  of  the  grooves,  the  ends  of  the  pencil-pieces 
become  dry  first,  and  by  their  contraction  in  volume  get  loose  in  the  grooves,  allowing 
^  lir  to  insinuate  further,  and  to  dry  the  remainder  of  the  paste  in  succession.  When 
^  vhole  piece  is  dried,  it  becomes  loose,  and  might  be  turned  out  of  the  grooves, 
^t  before  this  is  done,  the  moukl  must  ht  put  into  an  oven  moderately  heated,  in 
^'^  to  render  the  pencil  pieces  stiU  drier.  The  mouM  should  now  be  taken  out,  and 
<*ptied  upon  n  tnUe  covered  with  cloth.    The  greater  part  of  the  pieces  will  be 
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entire,  and  only  a  few  will  have  been  broken,  if  the  above  precautions  have  been  dolf 
observed.  They  are  all,  however,  perfectly  straight,  which  is  a  matter  of  the  first  im- 
iwrtance. 

In  onler  to  ^ive  solidity  to  these  pencils,  they  must  be  set  upright  in  a  crucible  till 
it  is  filled  with  them,  and  then  surrounded  with  charcoal  powder,  fine  sand,  or  sifted 
wood  ashes.  The  crucible,  aAer  having  a  luted  cover  applied,  is  to  be  put  into  a  furnace^ 
and  exposed  to  a  degree  of  heat  regulated  by  the  pyrometer  oi  Wedgewood ;  whieh 
degree  is  proportional  to  the  intended  hardness  of  the  pencils.  When  they  have  beei 
thus  baked,  the  crucible  is  to  be  removed  from  the  fire,  and  allowed  to  cool  with  the 
pencils  in  it. 

Should  the  pencils  be  intended  for  drawing  architectural  plans,  or  for  very  fine  liiie% 
they  must  be  immersed  in  melted  wax  or  suet  nearly  boiling  hot,  before  they  are  put  iato 
the  cedar  cases.  This  immersion  is  best  done  by  heating  the  pencils  first  upon  a  grid-inw, 
and  then  plunging  them  into  the  melted  wax  or  tallow.  They  acquire  by  thb  means  t 
certain  degree  of  soAness,  are  less  apt  to  be  abraded  by  use,  and  preserve  their  points 
much  better. 

When  these  pencils  are  intended  to  draw  ornamental  subjects  with  much  shading,  they 
should  not  be  dipped  as  above. 

Second  process  for  making  artificial  pencilny  aomewhat  different  from  tlu  prtcedimg. — ^AU 
the  operations  are  the  same,  except  that  some  lamp-black  is  introduced  along  with  the 
plumbago  powder  and  the  clay.  In  calcining  these  pencils  in  the  crucible,  the  contact 
of  air  must  be  carefully  excluded,  to  prevent  the  lamp-black  from  being  burned  away  on 
the  surface.  An  indefinite  variety  of  pencils,  of  every  possible  black  tint,  may  thus  he 
produced,  admirably  adapted  to  draw  from  nature. 

Another  ins^enious  form  of  mould  is  the  following : 

Models  of  the  pencil-pieces  must  be  made  in  iron,  and  stuck  upright  upon  an  iron  tray, 
having  edzes  raised  as  high  as  the  intended  Icnsrth  of  the  pencils.  A  metallic  alloy 
is  made  of  tin,  lead,  bismuth,  and  antimony,  which  melts  at  a  moderate  heat.  This  it 
poured  into  the  sheet-iron  tray,  and  after  it  is  cooled  and  concreted,  it  is  inverted, 
and  shaken  ofi'from  the  model  bars,  so  as  to  form  a  mass  of  metal  perforated  througboit 
with  tubular  cavities,  corresponding  to  the  intended  pencil-pieces.  The  paste  is  ii- 
troduced  by  pressure  into  these  cavities,  and  set  aside  to  dry  slowly.  When  nearly  diy, 
the  pieces  get  so  much  shrunk  that  they  may  be  readily  turned  out  of  the  moulds  upon  a 
doth  table.  They  are  then  to  be  completel|r  desiccated  in  the  shade,  afterwards  ia  a 
stove-room,  next  in  the  oven,  and  lastly  ignited  in  the  crucible,  with  the  precautions  abom 
prescribed. 

M.  Conte  recommends  the  hardest  pencils  of  the  architect  to  be  made  of  lead  mehed 
with  some  antimony  and  a  little  quicksilver. 

In  their  further  researches  upon  this  subject,  M .  Conte  and  M.  Humblot  found  that  the 
diflfercnt  degrees  of  hardness  of  crayons  could  not  be  obtained  in  a  uniform  manner  by  the 
mere  mixture  of  plumbago  and  clay  in  determinate  doses.  But  they  discovered  a  remedy 
for  this  defect  in  the  use  of  saline  solutions,  more  or  less  concentrated,  into  whieh  they 
plunged  the  pencils,  in  order  to  modify  their  hardness,  and  increase  the^nniformity  of  their 
texture.  The  non-<]eliquescent  sulphates  were  preferred  for  this  purpose ;  such  as  sol- 
phate  of  soda,  &c.    Even  sirup  was  found  useful  in  this  way. 

PENS,  STEEL.  The  best  metal,  made  from  Dannemora  or  hoop  (l)  iron,  is  selected, 
and  laminated  into  slips  about  3  feet  long,  and  4  inches  broad,  of  a  thickness  correspond- 
jng  to  the  desired  stiffness  and  flexibility  of  the  pens.  These  slips  are  subjected  to  the 
action  of  a  stamping-press,  somewhat  similar  to  that  for  making  buttons.  (See  Bxrrrojr, 
and  Platkd  Ware.)  The  point  destined  for  the  nib  is  next  introduced  into  an  appropri* 
ate  gauged  hole  of  a  little  machine,  and  pressed  into  the  semi-cylindrical  shape ;  where  it 
is  also  pierced  with  the  middle  slit,  and  the  lateral  ones,  provided  the  latter  are  to  be 
given.  The  pens  are  now  cleaned,  by  being  tossed  about  among  each  other,  in  a  tin  cy- 
linder, about  3  feet  long,  and  9  inches  in  diameter ;  which  is  suspended  at  each  end  upoa 
joints,  to  two  cranks,  formed  one  on  each  of  two  shafts.  The  cylinder,  by  the  rotatwa 
of  a  fly-wheel,  actinsr  upon  the  crank-shafts,  is  made  to  describe  such  revolutions  as 
agitate  the  pens  in  all  directions,  and  polish  them  by  mutual  attrition.  In  the  course  of 
4  hours  several  thousand  pens  may  be  finished  upon  this  machine. 

PEPPER.  (PottTc,  Fr. ;  Pfeffer,  Germ.)  Black  pepper  is  composed,  according  to  M. 
Pelletier,  of  the  vegetable  principle,  piperine,  of  a  very  acrid  concrete  oil,  a  volatile  htl^ 
samic  oil,  a  colored  gununy  matter,  an  extractive  principle  analogous  to  legumine,  malic 
and  tartaric  acids,  starch,  bassorine,  ligneous  matter,  with  earthy  and  alkaline  salts  in 
■mall  quantity.    Cubebs  pepper  has  nearly  the  same  composition. 

Pepper  imported  for  home  consumption,  in  1835,         1836,         1837.— Duty  6d.  per  Ik. 

Lbs.  2,359,573 ;  2,800,980 ;  2,626^298. 
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PERFUMERY,  ART  OF  {Paffumerie,  Ft,  ;  Wohlriechende-kunsty  Gcnn.),  consists  in 
the  preparation  of  different  products,  such  as  fats  or  pommodes,  essential  oils,  distilled 
spirits,  pastes,  pastilles,  and  essence. 

Fats  ought  to  be  pounded  in  a  marble  mortar,  without  addition  of  water,  tDl  all  the 
membranes  be  completely  torn ;  then  subjected  to  the  heat  of  a  water-bath  in  a  proper 
▼cssel.  The  fat  soon  melts,  and  the  albumen  of  the  blood  coagulating,  carries  with  it 
all  the  foreign  substances;  the  liquid  matter  should  be  skimmed,  and  passed  through  a 
canvass  filter. 

Of  pommodes  by  infusion. — Roee,  orange-flower,  and  cassia.  Take  334  pounds  of 
hog's  lard,  and  166  of  beef  suet.  These  600  pounds  are  put  into  a  pan  called  bugadier ; 
and  when  melted,  150  pounds  of  rose-leaves  nicely  plucked  are  added,  taking  care  to 
stir  the  mixture  every  hour.  The  infusion  thus  prepared  is  to  remain  at  rest  for  24 
boars ;  at  the  end  of  this  time,  the  pommade  is  again  melted,  and  well  stirred  to  prevent 
its  adherence  to  the  bottom  of  the  melting-pan.  The  mass  is  now  to  be  poured  out  into 
canvass,  and  made  into  rectangular  bricks  or  loaves,  which  are  subjected  to  a  press,  in 
order  to  separate  the  solid  matter  from  the  soft  pommade.  These  brick-shaped  pieces 
being  put  into  an  iron-bound  barrel  perforated  all  over  its  staves,  the  pommade  is  to  be 
allowcMi  to  exude  on  all  sides,  and  flow  down  into  a  copper  vessel  placed  under  the  trough 
of  the  press.  This  manipulation  should  be  repeated  with  the  same  fat  ten  or  twelve 
times ;  or  in  other  words,  3000  pounds  of  fresh  rose-leaves  should  be  employed  to  make 
a  good  pommade. 

The  pommade  of  orange-flowers  is  made  in  the  same  manner,  as  also  the  pommade  of 
cassia. 

Of  pommades  without  infusion, — Jasmine,  tuberose,  jonquil,  narcissus,  and  violet. 

A  square  frame,  called  tiame,  is  made  of  four  pieces  of  wood,  well  joined  together,  2 
or  3  inches  deep,  into  which  a  pane  of  glass  is  laid,  resting  upon  inside  ledges  near  the 
bottom.  Upon  the  surface  of  the  pane  the  simple  pommade  of  hog's  lard  and  suet  is  spread 
with  a  pallet  knife ;  and  into  this  pommade  the  sweet-scented  flowers  are  stuck  fresh 
in  different  points  each  successive  day,  during  two  or  three  months,  till  the  pommade 
has  acquired  the  desired  richness  of  perfume.  The  above-described  frames  are  piled 
closely  over  each  other.  Some  establishments  at  Grasse  possess  from  3000  to  4000  of 
them. 

0/  oUs, — Rose,  orange-flower,  and  cassia  oils,  are  made  by  infusion^  like  the  pom- 
mades of  the  same  perfumes ;  taking  care  to  select  oils  perfectly  fresh.  As  to  those  of 
jasmine,  tuberose,  jonquil,  violet,  and  generally  all  delicate  flowers,  they  are  made  in  the 
fidlowing  manner.  Upon  an  iron  frame,  a  piece '  of  cotton  cloth  is  stretched,  imbued 
with  olive  oil  of  the  first  quality,  and  covered  completely  with  a  thin  bed  of  flowers. 
Another  frame  is  similarly  treated,  and  in  this  way  a  pile  is  made.  The  flowers 
must  be  renewed  till  the  oil  is  saturated  with  their  odor.  The  pieces  of  cotton  cloth 
are  then  carefViUy  pressed  to  extrude  the  oil.  This  last  operation  requires  commonly  7 
or  8  days. 

Of  disiiUatUm, — ^The  essential  oils  or  essences,  of  which  the  great  manufacture  is  in 
the  south  of  France,  are  of  rose,  neroli,  lavender,  lemon  thyme,  common  thyme,  and  rose- 
mary.   For  the  mode  of  distilling  the  essential  oils,  see  Oils,  essential. 

The  essence  of  roses  being  obtained  in  a  peculiar  manner,  I  shall  describe  it  here. 
Put  into  the  body  of  a  stiU  40  pounds  of  roses,  and  60  quarts  of  virater ;  distil  off  one 
half  of  the  water.  When  a  considerable  quantity  of  such  water  of  the  first  distillation 
is  obtained,  it  must  be  used  as  water  upon  fresh  rose-leaves ;  a  process  of  repetition  to 
be  carried  to  the  fifth  time.  In  the  distillation  of  orange-flower,  to  obtain  the  essence  of 
neroli,  the  same  process  is  to  be  followed ;  but  if  orange-flower  water  merely  be  wanted, 
then  it  is  obtained  at  one  distillation,  by  reserving  the  first  fifth  part  of  water  that  comes 
orer.  What  is  called  the  essence  oV  petit-grain,  is  obtained  by  distilling  th'e  leaves  of  the 
orange  shrub.  The  essences  of  lavender,  thyme,  &c.,  present  nothing  peculiar  in  their 
mode  of  extraction. 

OF  SCENTED  SPIRITS, 

From  oil  of  rose,  orange,  jasmine,  tuberose,  cassia,  violet,  and  other  flowers. 

Into  each  of  three  digesters,  immersed  in  water-baths,  put  25  lbs.  of  any  one  of  these 
oils,  and  pour  into  the  first  digester  25  quarts  of  spirit  of  wine ;  agitate  every  quarter  of 
an  hour  during  three  days,  and  at  the  end  of  this  period,  draw  off  the  perfumed  spirit,  and 
pour  it  into  the  second  digester ;  then  transfer  it  after  3  days  into  the  third  digester, 
treating  the  mixture  in  the  same  way ;  and  the  spirit  thus  obtained  will  be  perfect.  The 
digesters  must  be  carefully  covered  during  the  progress  of  these  operations.  On  pursuing 
the  same  process  with  the  same  oil  and  fresh  alcohol,  essences  of  inferior  qualities  may 
be  obtained,  called  Nos.  2,  3,  and  4. 

Some  perfumers  state  that  it  is  better  to  use  highly  scented  pommades  than  oili|  bat 
there  ia  probably  little  difference  in  this  respect. 
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'     SpMt  qf  Cyikifm, 
1  quart  qnrit  of  Tiolets. 


1 
1 
1 
1 
1 
2 


jasmine,  2d  opentioB* 
taberoM,  — 

eloTe  giUTflower. 
roses,  2d  operatkm. 
PortiijBraL 
orange-floi 


7  Eag.  qrts.  of  spirit  of  jasmine^Sd  operation. 

7  —  cassia,        — 
3           —                  wine. 

2  —  tuberose,    — 
]|  ounce  essence  of  doves. 

1  oonce  fine  neroli. 
1|  ounce  essence  of  bergamot. 

8  ounces  essence  of  mudc,  2d  infusion. 

3  quarts  rose  water. 

Spirit  o/Jlotoert  of  It4ify, 

2  quarts  spirit  of  jasmine,  2d  operation.  2  quarts  spirit  of  cassia,  2d  opcratioa. 
2  —  roses,  —  ]|  —  wange  flower  water. 
2               —          oranges,  3d       — 

The  above  spirits  mark  usually  28  alcometric  degrees  of  Gay  Lussac 

FOMMADES. 

No  less  than  20  scented  pommades  are  distinguished  bj  the  perfbmers  of  Paris.  The 
essences  commonly  employed  in  the  manufacture  of  pommades,  are  those  of  befganol, 
lemons,  cidratf  limette  (sweet  lemon),  Portugal,  rosemary,  thyme,  lemon  thyme,  lavender, 
marjoram,  and  cinnamon. 

The  following  may  serve  as  an  example : — 

Pommade  h  la  vaniUe,  commonly  called  Roman. 

12  pounds  of  pommade  k  la  rose. 
3      —         oil  a  la  rose. 
1      —         vanilla,  first  quality,  pulverized. 
6  ounces      bergamot. 

The  pommade  being  melted  at  the  heat  of  a  water-bath,  the  vanilla  is  to  be  introdoeed 
with  continual  stirring  for  an  hour.  The  mixture  is  left  to  settle  during  two  boon. 
The  pommade  is  then  to  be  drawn  off,  and  will  be  found  to  have  a  fine  yellow  color,  in- 
stead of  the  brown  shade  which  it  commonly  has. 

In  making  odoriferous  extracts  and  waters,  the  spints  of  the  flowers  prepared  kf 
macerating  the  flowers  in  alcohol  should  be  preferred  to  their  distillation,  as  forming  te 
foundation  of  good  perfumery.  The  specific  gravity  of  these  spirits  should  be  alwayi 
under  0-88. 


Extract  of  Nosegay  (bouquet). 
2  quarts  spirit  of  jasmine,  Ist  operation. 
2    —     extract  of  violets. 
1    —     spirit  of  cassia,  1st  — 

1    —     roses,        -        Ist         — 
1    —     orange,      -        1st         — 
1    —     Extract  of  clove  giDyflower. 
4  drms.  of  flowers  of  benzoin  (benzoic  acid). 
8  ounces  of  essence  of  amber,  1st  infusion. 


Extract  of  peadi  Motsonu. 
6  quarts  of  spirits  of  wine. 
6  pounds  of  bitter  almonds. 
2  quarts  of  spirits  of  orange  flower,  id 

operation. 
4  drachms  of  essence  of  bitter  *!ffyHvH. 
4  drachms  of  balsam  of  Pern. 
4  ounces  of  essence  of  lemons. 


Eau  de  Cologne, 

Two  processes  have  been  adopted  for  the  preparation  of  this  perfume,  distillation  tad 
infusion ;  the  first  of  which,  though  generally  abandoned,  is,  however,  the  preferable  one. 
The  only  essences  which  should  be  employed,  and  which  have  given  such  celebrity  to 
this  water,  are  the  following ;  bergamot,  lemon,  rosemary,  Portugal,  neroli.  The  lAok 
of  them  ought  to  be  of  the  best  quality,  but  their  proportions  may  be  varied  aeeoiding  to 
the  taste  of  the  consumers. 

Thirty  different  odors  are  enumerated  by  perfumers ;  the  three  following  recipes  wiU 
form  a  sufileient  specimen  of  their  combinations. 


Honey-UHiier. 
6  quarts  of  spirit  of  roses,  3d  operation. 
3    do.  jasmine. 

3    do.  spirits  of  wine. 

3  ounces  essence  of  Portugal. 

4  drachms  flowers  of  benzoin. 

12  ounces  of  essence  of  vanilla,  3d  infusion. 
12    dow  musk,         do. 

3  quartB  good  orange-flower  water. 


Eau  di  milU  Jkmn. 
18  quarts  of  spirits  of  wine. 
4  ounces  balsam  of  Peru. 
8    do.    essence  of  bergamot. 
4    do.  cloves. 

1    do.    ordinary  neroli. 
1    do.  thyme. 

8    do.  musk,  3d  infbaion. 

4  quarts  orange  flower  water. 
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'Emm  di  momueHni, 

Its  Bpint  of  rotesy  3d  inAisioB.  2  ounces  essence  of  ▼aniUa,  8d  inAision. 

jasmine,  4Ui  do.  2   do.  musk,  do. 

clove  gillyflower.  4  drachms  of  sanders  wood, 

orange  flower,  4th  do  1  quart  of  orange-flower  water. 

Jflmond  pattu, 

ese  are,  gray,  sweet  white,  and  bitter  white. 

e  first  is  made  either  with  the  kernels  of  apricots,  or  with  bitter  almonds.  They 
innowed,  ground,  and  formed  into  loaves  of  5  or  6  pounds  weight,  which  are  put 
he  press  in  order  to  extract  their  oil ;  300  pounds  of  almonds  aflfording  about  130  of 
The  pressure  is  increased  upon  them  every  two  hours  during  three  days ;  at  the  end 
ieh  time  the  loaves  Or  cakes  are  taken  out  of  the  press  to  be  dried,  ground,  and 
> «  • 

s  second  paste  is  obtained  by  boiling  the  almonds  in  water  tiU  their  skins  are  com- 
f  loosened ;  they  are  next  put  into  a  basket,  washed  and  blanched ;  then  dried,  and 
id  as  above. 

i  third  paste  is  prepared  like  the  second,  only  using  bitter  almonds. 
mid  almond  pMiet^  such  as  those  of  the  rose,  orange,  vanilla,  and  nosegay.     The 
paste  is  most  adniired.    It  is  prepared  as  follows ; — 

6  pounds  of  honey.  I  12  pounds  oil  of  bitter  almonds. 

6    do.  white  bitter  paste.      |  26  yolks  of  eggs. 

i  honey  should  be  heated  apart  and  strained ;  6  ]x>unds  of  almond  paste  must  then 
saded  with  it,  adding  towaids  the  conclusion,  alternately,  the  quantity  of  yoDcs  of 
ad  almond  oil  indicated. 

PiutilUt  d  la  HMC,  orange  flower,  and  vamUa, 

PaaiilUa  qf  orangt  flowtr. 
12  ounces  of  gum  galbanum. 
12    do.  olibanum,  in  tears. 

12    do.         storax,  do. 

8    do.  nitre. 

1  pound  of  pure  orange  povrder. 

3    do.    14  ounces  charcoal  powder. 

1  ounce  superfine  neroli. 

PattUlea  d  la  vanUle. 

12  ounces  of  gum  galbanum.  16  ounces  powder  of  vanilla. 

12    do.  olibanum,  in  tears.  3  pounds  14  ounces  charcoal  powder. 

12    do.         storax  do.  4  drms.  essence  of  cloves. 

8    do.  nitre.  8  ounces  do.  vanilla,  1st  infhsion. 

8    do.         doves, 

above  mixture  in  each  case  is  to  be  thickened  with  2  ounces  of  gum  tragacanth 
ed  in  2  pints  of  rose  water.  It  is  needless  to  say  that  the  ingredients  of  the  miz- 
lonld  be  impalpal^le  powders. 

Scented  catsolettee. 


PattUUt  d  la  rote. 

12  ounces 

of  gum. 

12    do. 

olibanum,  in  tears. 

12    do. 

storax,           do. 

8    do. 

nitre. 

J6    do. 

powder  of  pale  roses. 

ids  14    do. 

charcoal  powder. 

1    do. 

essence  of  roses. 

nds  of  black  amber  (ambergris). 
lo.  rose  powder. 

nees  of  benzoin. 


1  ounce  essence  of  roses. 

1    do.  gum  tragacanth. 

A  few  drops  of  the  oil  of  sanders  wood. 


It  ingredients  are  pulverized,  and  made  into  a  cohesive  paste  with  the  gum. 

ESSENCES  BT  INFUSION. 

Essence  of  musk, 

5  ounces  of  musk  from  the  bladder,  cut  small. 

1  do.  civet. 

4  quarts  of  spirit  of  ambrette  (purple  sweet  sultan). 

wliole  are  put  into  a  matrass,  and  exposed  to  the  sun  for  two  months  during 
ttest  season  of  the  year.  In  winter,  the  heat  of  a  water  bath  must  be  re- 
to. 

Essence  of  vanilla, 

3  pounds  of  vanilla  in  branches,  1st  quality,  cut  small. 

4  quarts  spirit  of  ambrette. 

2  drachms  of  cloves. 

I    do.  musk  from  the  bladder. 

■OM  proetsi  mnst  be  ibllowed  at  for  the  essence  of  mnsk. 


MB  PHOSPHORUS. 

Euenet  of  Jnibergtit. 

4  oonces  of  ambergris.  I     8  quarts  of  spirit  of  amixette. 

2  ounces  of  bladder  musk.  |        Treat  as  above. 

Spirit  of  awhrttU  (purple  sweet  sultan). 

25  pounds  of  ambrette  are  to  be  distilled  with  25  quarts  of  spirits  of  wine,  adding  U 
quarts  of  water,  so  as  to  be  able  to  4raw  off  the  25  quarts. 

PERRY  is  the  fermented  juice  of  pears,  prepared  in  exactly  the  same  way  as  Cisn. 

PERSIAN  BERRIES.    See  Berries,  Persian. 

PETROLEUM.    See  Naptha. 

PE-T(JNT-SE  is  the  Chinese  name  ofthe  fusible  earthy  matter  of  their  porcekin.  It 
is  analoi^us  to  our  Cornish  stone. 

PEWTER,  PEWTERER.  {Potier  d'ctain,  Fr.)  Pewter  is,  generally  spcakn^ 
an  alloy  of  tin  and  lead,  sometimes  with  a  little  antimony  or  copper,  combiaed  ii 
several  different  proportions,  according  to  the  purposes  which  the  metal  n  to  sene. 
The  English  tradesmen  distinguish  three  sorts,  which  they  call  plate,  trifle,  and  fcf 
pewter ;  the  first  and  hardest  being  used  for  plates  and  dishes ;  the  second  for  becr-poli; 
and  the  third  for  larger  wine  measures.  The  plate  pewter  has  a  bright  liivery  bane 
when  polished ;  the  best  is  composed  of  100  parts  of  tin,  8  parts  of  antimony,  2  paitt  4 
bismuth,  and  2  of  copper.  The  trifle  is  said  by  some  to  consist  of  83  of  tin,  aiui  17  d 
antimony ;  but  it  generally  contains  a  good  deal  of  lead.  The  ley  pcrwter  is  eonpoid 
of  4  of  tin,  and  1  of  lead.  As  the  tendency  of  the  covetous  pewterer  is  always  to  pat  it 
as  much  of  the  cheap  metal  as  is  compatible  with  the  appearance  of  his  metal  ia  tke 
market,  and  as  an  excess  of  lead  may  cause  it  to  act  poisonously  upon  all  vinegan  aid 
many  wines,  the  French  government  long  ago  appointed  Fourcroy,  VanqacliB,  aid 
other  chemists,  to  ascertain  by  experiment  the  proper  proportions  of  a  nfe  pewta 
alloy.  These  commissioners  found  that  18  parts  of  lead  might,  without  danger  of 
affecting  wines,  &c.,  be  alloyed  with  82  parts  of  tin ;  and  the  French  govemmeat  ii 
consequence  passed  a  law  requiring  pewterers  to  use  83|  of  tin  in  100  parts,  witb  t 
tolerance  of  error  amounting  to  1}  per  cent.  This  ordonnance,  allowing  not  more  tku 
18  per  cent,  of  lead  at  a  maximum,  has  been  extended  to  all  vessels  destined  to  eoatia 
alimentary  substances.  A  table  of  specific  gravities  was  also  published,  on  poipose  to 
test  the  quality  of  the  alloy ;  the  density  of  which,  at  the  legal  standard,  is  7-764.  As7 
excess  of  lead  is  immediately  indicated  by  an  increase  in  the  specific  gzmvity  above  tkit 
number. 

The  pewterer  fashions  almost  all  his  articles  by  casting  them  in  moulds  of  brusor 
bronze,  which  are  made  both  inside  and  outside  in  various  pieces,  nicely  fitted  together, 
and  locked  in  their  positions  by  ears  and  catches  or  pins  of  various  kinds.  The  mooMs 
must  be  moderately  heated  before  the  pewter  is  poured  into  them,  and  their  surfaces 
should  be  brushed  evenly  over  with  pounce  powder  (sandarach)  beaten  up  with  white  of 
eg?.  Sometimes  a  film  of  oil  is  preferred.  The  pieces,  aAer  being  cast,  are  tnmed  and 
polished  ;  and  if  any  part  needs  soldering,  it  must  be  done  with  a  fusible  alloy  of  tin, 
bismuth,  and  lead. 

Britannia  metal,  the  kind  of  pewter  of  which  English  tea-pots  are  made,  is  said  to  be 
an  alloy  of  equal  parts  of  brass,  tin,  antimony,  and  bismuth  ;  but  the  proportions  difo 
in  diH'erent  workshops,  and  much  more  tin  is  commonly  introduced.  Queen's  metal  ii 
said  to  consist  of  9  parts  of  tin,  1  of  antimony,  1  of  bismuth,  and  1  of  lead ;  it  serves  alio 
for  teaiK)ts  and  other  domestic  utensils. 

A  much  safer  and  better  alloy  for  these  purposes  may  be  compounded  by  adding  to  100 
parts  of  the  French  pewter,  5  parts  of  antimony,  and  5  of  brass  to  huden  it  The 
English  ley  pewter  contains  oAen  much  more  than  20  per  cent,  of  lead.  Under  TiK, 
will  be  found  the  description  of  an  easy  method  of  analyzing  its  lead  alloys. 

PHOSPHORIC  ACID  is  the  acid  formed  by  the  vivid  combustion  of 

PHOSPHORtJS.  This  interesting  simple  combustible,  being  an  object  of  extensive 
consumption,  and  therefore  of  a  considerable  chemical  manufacture,  I  shall  describe  the 
requisite  manipulations  for  preparing  it  at  some  detail.  Put  1  cwt.  of  finely  ground  bone* 
ash,  such  as  is  used  by  the  assayers,  into  a  stout  tub,  and  let  one  person'work  it  into  a  thin 
pap  with  twice  its  weight  of  water,  and  let  him  continue  to  stir  it  constantly  with  t 
wooden  bar,  while  another  person  pours  into  it,  in  a  uniform  but  very  slender  stream,  78 
pounds  of  concentrated  sulphuric  acid. 

The  heat  thus  excited  in  the  dilution  of  the  acid,  and  in  its  reaction  upon  the  calcareoos 
base,  is  favorable  to  the  decomposition  of  the  bone  phosphate.  Should  the  resulting 
sulphate  of  lime  become  lumpy,  it  must  be  reduced  into  a  uniform  paste,  by  the  additkia 
of  a  little  water  from  time  to  time.  This  mixture  must  be  made  out  of  doors,  as  under 
an  open  shed,  on  account  of  the  carbonic  acid  and  other  offensive  gases  which  aie 
extricated.     At  the  end  of  24  hours,  the  pap  may  be  thinned  with  water,  and,  if  eoa- 
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Tenient,  heated,  with  carefUl  stinring,  to  complete  the  chemical  change,  in  a  sqnare  pan 
made  of  sheet  lead,  simply  folded  up  at  the  sides.  Whenever  the  paste  has  lost  its  gra- 
nular character,  it  is  ready  for  transfer  into  a  series  of  tall  casks,  to  be  further  diluted 
and  settled,  whereby  the  clear  superphosphate  of  lime  may  be  run  off  by  a  syphon  from 
the  deposite  of  gypsum.  More  water  must  then  be  mixed  with  the  precipitate,  aAer 
subsidence  of  which,  the  supernatant  liquor  is  again  to  be  drawn  off.  The  skilful  operator 
employs  the  weak  acid  from  one  cask  to  wash  the  deposits  in  another,  and  thereby  saves 
fuel  in  evaporation. 

The  collected  liquors  being  put  into  a  leaden,  or  preferably  a  copper  pan,  of  proper 
dimensions,  are  to  be  concentrated  by  steady  ebullition,  till  the  calcareous  deposite  be- 
comes considerable ;  after  the  whole  has  been  allowed  to  cool,  the  clear  liquor  is  to  be  run 
off,  the  sediment  removed,  and  thrown  on  a  filter.  The  evaporation  of  the  clear  liquor 
is  to  be  urged  till  it  acquires  the  consistence  of  honey.  Being  now  weighed,  it  should 
amount  to  37  pounds.  One  fourth  of  its  weight  of  charcoal  in  fine  powder,  that  is,  about 
9  pounds,  are  then  to  be  incorporated  with  it,  and  the  mixture  is  to  be  ^aporated  to 
dryness  in  a  cast-iron  pot.  A  good  deal  of  sulphurous  acid  is  disengaged  along  with 
the  steam  at  first,  from  the  reaction  of  the  sulphuric  acid  upon  the  charcoal,  and  aAer- 
frardt  some  sulphureted  hydrogen.  When  the  mixture  has  become  perfectly  dry,  as 
shown  by  the  redness  of  the  bottom  of  the  pot,  it  is  to  be  allowed  to  cool,  and  packed 
tight  into  stoneware  jars  fitted  with  close  covers,  till  it  is  to  be  subjected  to  distillation. 
For  this  purpose,  eaithen  retorts  of  the  best  quality,  and  free  from  air-holes,  must  be 
taken,  and  evenly  luted  over  their  surface  wiUi  a  compost  of  fire-clay  and  horse-dung. 
When  the  coating  is  dry  and  sound,  the  retort  is  to  be  two  thirds  filled  with  the  powder, 
and  placed  upon  proper  supports  in  the  laboratory  of  an  air-furnace,  having  its  fire 
placed  not  immediately  beneath  the  retort,  but  to  one  side,  aAer  the  plan  of  a  reverber- 
atory ;  whereby  the  flame  may  play  uniformly  round  the  retort,  and  the  fuel  may  be 
supplied  as  it  is  wanted,  without  admitting  cold  air  to  endanger  its  cracking.  The  gal- 
lery furnace  of  the  palatinate  (under  Mercubt)  will  show  how  several  retorts  may  be 
operated  upon  together,  with  one  fire. 

To  the  beak  of  the  retort  properly  inclined,  the  one  end  of  a  bent  copper  tube  is  to 
be  tightly  luted,  while  the  other  end  is  plunged  not  more  than  one  quarter  of  an  indi 
beneath  the  surface  of  water  contained  in  a  small  copper  or  tin  trough  placed  beneath^ 
close  to  the  side  of  the  furnace,  or  in  a  wide-mouthed  bottle.  It  is  of  advantage  to  let 
the  water  be  somewhat  warm,  in  order  to  prevent  the  concretion  of  the  phosphorus 
in  the  copper  tube,  and  the  consequent  obstruction  of  the  passage.  8hould  the  beak  of 
the  retort  appear  to  get  filled  with  solid  phosphorus,  a  bent  rod  of  iron  may  be  heated,  and 
passed  up  the  copper  tube,  without  removing  its  end  from  the  water.  The  heat  of 
the  furnace  shouki  be  most  slowly  raised  at  first,  but  ailcrwards  equably  maintained  in 
a  state  of  bright  ignition.  After  3  or  4  hours  of  steady  firing,  carbonic  acid  and  sul- 
phurous acid  gases  are  evolved  in  considerable  abundance,  provided  the  materials  had 
not  been  well  dried  in  the  iron  pot ;  then  sulphureted  hydrogen  makes  its  appearance, 
and  next  phosphureted  hydrogen,  which  last  shouki  continue  during  the  whole  of  the 
distillation. 

The  firing  should  be  regulated  by  the  escape  of  this  remarkable  gas,  which  ought  to 
be  at  the  rate  of  about  2  bubbles  per  second.  If  the  discharge  comes  to  be  inter- 
rnpted,  it  is  to  be  ascribed  either  to  the  temperature  being  too  low,  or  to  the  retort  get- 
ting cracked ;  and  if  upon  raising  the  heat  sufilciently  no  bubbles  appear,  it  is  a  proof 
that  the  apparatus  has  become  defective,  and  that  it  is  needless  to  continue  the  operation. 
In  fact,  the  great  nicety  in  distilling  phosphorus  lies  in  the  management  of  the  fire,  which 
must  be  incessantly  watched,  and  fed  by  the  successive  introduction  of  fuel,  consisting 
of  coke  with  a  mixture  of  dry  wood  and  coal. 

We  may  infer  that  the  process  approaches  its  conclusion  by  the  increasing  slowness 
with  which  gas  is  disengaged  under  a  powerful  heat ;  and  when  it  ceases  to  come  over, 
we  may  cease  firing,  taking  care  to  prevent  reflux  of  water  into  the  retort,  from  conden- 
sation of  its  gaseous  contents,  by  admitting  air  into  it  through  a  recurved  glass  tube,  or 
through  the  lute  of  the  copper  adopter. 

The  usual  period  of  the  operation  upon  the  great  scale  is  from  24  to  30  hours.  Its 
theory  is  very  obvious.  The  charcoal  at  an  elevated  temperature  disoxygenates  the 
phosphoric  acid  with  the  production  of  carbonic  acid  gas  at  first,  and  oAerwords  carbonic 
oxyde  gas,  along  with  sulphureted,  carbureted,  and  phosphureted  hydrogen,  from  the 
reaction  of  the  water  present  in  the  charcoal  upon  the  other  ingredients.  • 

The  phosphorus  falls  down  in  drops,  like  melted  wax,-  and  concretes  at  the  bottom 
oTthe  water  in  the  receiver.  It  requires  to  be  purified  by  squcezini?  in  a  shamoy  leather 
hag,  while  immersed  under  the  surface  of  warm  water,  contained  in  an  earthen  pan. 
£ach  ba?  must  be  firmly  tied  into  a  ball  form,  of  the  size  of  the  fist,  and  compressed,  under 
the  water  heated  to  130°,  bv  a  pair  of  flat  wooden  pincers,  like  those  with  which  oranges 
aresqueesed. 
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The  piirifif*d  phosphorus  is  moulded  for  sale  into  little  cylinden,  hj  mehing  it  at  Ik 
bottom  of  a  deep  jar  filled  with  water,  then  plunging  the  wider  end  of  «  tlightlj  tapcmf 
but  suaight  glass  tube  into  the  water,  sucking  this  up  to  the  top  of  the  gkuSyBo  u  to  wans 
it,  n.ext  immersing  the  end  in  the  liquid  phosphorus,  and  tucking  it  up  to  nnj  dcsnd 
height. 

I'he  tube  being  now  shut  at  bottom  by  the  application  of  the  point  of  the  left  indo, 
may  be  taken  from  the  mouth  nnd  transferred  into  a  pan  of  cold  water  to  congeal  Ik 
phosphorus ;  which  then  will  commonly  fall  out  of  ilself,  if  the  tube  be  nicely  tapend, 
or  may  at  any  rate  be  pushed  out  with  a  stiff  wire.  Were  the  glass  tube  not  duly  wann- 
ed before  sucking  up  the  phosphorus,  this  woukl  be  apt  to  congeal  at  the  sides,  bdbre  tk 
middle  be  filled,  and  thus  form  hollow  cylinders,  very  troublesome  and  eren  dangrnw 
to  the  makers  of  phosphoric  match-bottles.  The  moulded  sticks  of  phospbonis  are  finally 
to  be  cut  with  scissors  under  water  to  the  requisite  lengths,  and  put  up  in  vials  of  a  pro- 
per size ;  which  should  be  filled  up  with  water,  closed  with  ground  atopperSy  and  kepi  ii 
a  dark  plac^.  For  carriage  to  a  distance,  each  vial  should  be  wrapped  in  paper,  and  fit- 
ted into  a  tin-plate  case. 

Phosphorus  has  a  pale  yellow  color,  is  nearly  transparent,  brittle  when  cold,  soft  and 
pliable,  like  wax,  at  the  temperature  of  70°  F.,  cr>'sta]lizing  in  rbombo-dodeeahcdroBi 
out  of  its  combination  with  sulphur,  and  of  specific  gravity  1*77.  It  exhales  while 
fumes  in  the  air,  which  have  a  garlic  smell,  appear  luminous  in  the  dark,  and  spea- 
taneously  condense  into  liquid  phosphorous  acid.  Phosphorus  melts  in  dose  Tessris^  at 
95°  F.,  into  an  oily-looking  colorless  fluid,  begins  to  evaporate  at  217-5^,  boQs  8| 
554°,  and  if  poured  in  the  liquid  state  into  ice-coJd  water,  it  becomes  black,  bat  resnoei 
its  former  color  when  again  melted  and  slowly  cooled.  It  has  an  acrid  disagreeable 
taste,  and  acts  delcteriously  in  the  stomach,  though  it  has  been  administered  as  a  me- 
dicin  e  by  some  of  the  poison-doctors  of  the  present  day.  It  takes  fire  in  the  open  air  at  Ik 
temperature  of  165°,  but  at  a  lower  degree  if  partially  oxydized,  and  boms  with  great  Teh^ 
mence  and  splendor. 

Inflammable  match-boxes  (briqueit  phosphoriquu)  are  usually  prepared  by  pottisg 
into  a  small  vial  of  glass  or  lead  a  bit  of  phosphorus,  and  oxydizing  it  sUghtly  liy 
stirring  it  round  with  a  redhot  iron  wire.  The  vial  should  be  unstoppered^  oafy  it 
the  instant  of  plunging  into  it  the  tip  of  the  sulphur  match  which  we  wish  to  kindle. 
Bendix  has  given  the  following  recipe  for  charging  such  match-vials.  Take  one  put 
of  fine  dry  cork  raspings,  one  part  of  yellow  wax,  eight  parts  of  petroleom,  and  fyn 
of  phosphorus,  incorporate  them  by  Aision,  and  when  the  mixture  has  concreted  by  cooUBf, 
it  is  capable  of  kindling  a  sulphur  match  dipped  into  it.  Phosphorus  dissolves  in  fat  oib^ 
forming  a  solution  luminous  in  the  dark  at  ordinary  temperatures.  A  vial  half  filled  wilk 
this  oil,  being  shaken  and  suddenly  uncorked,  will  give  light  enough  to  see  the  dial  of  a 
watch  by  night. 

There  are  five  combinations  of  phosphorus  and  oxygen  :  — 1.  the  white  oxyde ;  2.  tk 
red  oxyde ;  3.  hypophosphorous  acid ;  4.  phosphorous  acid ;  5.  phosphoric  acid.  Tk 
last  is  the  only  one  of  interest  in  the  arts.  It  may  be  obtained  fWuh  the  tinpf 
superphosphate  of  lime  above  described,  by  diluting  it  with  water,  saturating  with  ca^ 
bonate  of  ammonia ;  evaporating,  crystallizing,  and  gently  igniting  the  salt  in  a  retort. 
The  ammonia  is  volatilized,  and  may  be  condensed  into  water  by  a  Woalfe's  apparatsi^ 
while  the  phosphoric  acid  remains  in  the  bottom  of  the  retort.  Phosphoric  acid  may  k 
more  readily  produced  by  burning  successive  bits  of  phosphorus  in  a  silver  aanccr,  aader 
a  great  bell  jar  inverted  upon  a  glass  plate,  so  as  to  admit  a  little  air  to  carry  on  Ik 
combustion.  The  acid  is  obtained  in  a  fine  white  snowy  deposite ;  consisting^  in  this  te 
dry  state,  of  44  of  phosphorus  and  56  of  oxygen.  That  obtained  fh>m  the  simpy  so- 
lution is  a  hydrate,  and  contains  9*44  per  cent,  of  water.  If  the  atom  of  phospkini 
be  called  32  upon  the  hydrogen  radix,  then  5  atoms  of  oxygen  =  40  will  be  associated  with 
it  in  the  dry  acid,  =  72;  and  an  additional  atom  of  water  =  9,  in  the  hydrate,  will  make 
its  prime  equivalent  81.  Phosphorous  acid  seems  to  contain  no  more  than  3  atonvof 
osygen. 

The  only  salts  of  this  acid  much  in  demand,  are  the  phosphate  of  soda,  and  the  am- 
monia phosphate  of  soda.  The  former  is  prepared  by  slightly  supersaturating  svper- 
I^osphate  of  lime  with  crystals  of  carbonate  of  soda ;  warming  the  solution,  filtering 
evaporating,  and  crystallizing.  It  is  an  excellent  purgative,  and  not  unpalatable.  TbetrifS 
phosphate  is  used  in  docimastic  operations ;  and  is  described  under  METAixiraoT. 

PICAMARE,  is  a  thick  oil,  one  of  the  six  new  principles  detected  by  M.  ReicheBhaA 
in  wood-tar.    S^e  Crix>sote  and  Paraffine.    Picamare  constitutes  l-6th  of  beech-tar. 

PICROMEL,  is  the  name  given  by  M.  Thenard  to  a  black  bitter  principle  which  hi 
supposed  to  be  peculiar  to  the  bUe.  MM.  Gmelin  and  Tiedemann  have  since  called  ili 
identity  in  question. 

PICROTOXINE,  is  an  intensely  bitter  poisonous  vegetable  principle,  extracted  (hm 
the  seeds  of  the  Menupermum  cocaUm,  (Cocculus  Indicus).    It  crystallises  ia  mall  wkili 
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needles,  tnr  colamDS ;  diawlTes  in  water  and  alcohol.  It  does  not  combine  with  adds,  but 
with  some  bases,  and' is  not,  therefore,  of  an  alkaline  nature,  as  had  been  at  first  supposed. 

PIGMENTS,  VITRIFIABLE,  belong  to  five  different  styles  of  work :  1.  to  enamel 
painting {  2.  to  painting  on  metals;  3.  to  painting  on  stoneware;  4.  to  painting  on 
porcelain ;  5.  to  stained  glass. 

PIMENTO  (Myriui  pimeiUaf  or  Jamaica  pepper)  consists,  according  to  Bonastre's 
complicated  analysis,  of—- 


Shells  or  capaulfl*. 

Ktnifls. 

Volatile  oil 

Soil  green  resin    ..... 

Fatty  concrete  oil       . 

Extract  containing  tannin             ... 

Gum               -           -           .           -       .    - 

Brown  matter  dissolved  in  potash 

Resinoid  matter         ..... 

Extract  containing  sugar  .... 

Gallic  and  malic  acids           .... 

Vegetable  fibre     ..... 

Ashes  charged  with  salts       .... 

Moisture  and  loss              .... 

10*0 
80 
0-9 

11*4 
30 
4-0 
1-2 
3-0 
0-6 

50-0 
2*8 
4-1 

6-0 
2-6 
1-2 

89*8 
7-2 
80 
3-2 
8-0 
1-6 

16K) 
1-9 
4-8 

Pimento  imported  for  home  consumption,  in  1835.         1836. 

Duty — British  possessions,  5d, ;  foreign,  U,  3d*  Lbs.  344,458.    400,914. 

PINCHBECK  is  a  modification  of  brass ;  see  that  article  and  Coppeb. 

PINE-APPLE  YARN  and  CLOTH.  In  Mr.  Zincke's  process,  patented  in  Decern- 
ber,  1836,  for  preparing  the  filaments  of  this  plant,  the  Bromelia  tnutfuu^  the  leaves  being 
plucked,  and  deprived  of  the  prickles  round  their  edges  by  a  cutting  instrument,  are 
then  beaten  upon  a  wooden  block  with  a  wooden  mallet,  till  a  silky-looking  mass  of 
fibres  be  obtained,  which  are  to  be  freed  by  washing  from  the  green  fecula.  Tlie  fibrous 
pcut  must  next  be  laid  straight,  and  passed  between  wooden  rollers.  The  leaves  should 
be  gathered  between  the  time  of  their  full  maturity  and  the  ripening  of  the  fruit.  If 
earUer  or  later,  the  fibres  will  not  be  so  flexible,  and  will  need  to'be  cleared  by  a  boil  in 
aoapy  water  for  some  hours ;  aAer  being  laid  straight  under  the  pressure  of  a  wooden 
grating,  to  prevent  their  becoming  entangled.  When  well  washed  and  dried,  vnth  occa- 
sional  shaking  out,  they  will  now  appear  of  a  silky  fineness.  They  may  be  then  spun 
into  porous  rovings,  in  which  state  they  are  most  conveniently  bleached  by  the  oniinary 
methods. 

Specimens  of  cambric,  both  bleached  and  unbleached,  woven  with  these  fibres,  have 
been  recently  exhibited,  which  excited  hopes  of  their  rivalling  the  finest  flax  fabrics,  but 
in  my  opinion  without  good  reason,  on  account  of  their  want  of  strength. 

PUi^EY  TALLOW  is  a  concrete  fat  obtained  by  boUing  with  water  the  fruit  of  the 
FdUria  tadt'ca,  a  tree  common  upon  the  Malabar  coast.  It  seems  to  be  a  substance  in- 
termediate between  tallow  and  wax ;  partaking  of  the  nature  of  stearine.  It  melts  at 
97|®  F.,  is  white  or  yellowish,  has  a  spec.  grav.  of  0*926 ;  is  saponified  by  alkalis,  and 
ibrms  excelleni  candles.  Dr.  Benjamin  Babington,  to  whom  we  are  indebted  for  all  our 
knowledge  of  piney  tallow,  found  its  ultimate  constituents  to  be,  77  of  carbon,  12*3  of 
hydrogen,  and  10*7  of  oxygen. 

PIN  MANUFACTURE.  (Fabrique  d'Sptnglet,  Fr. ;  Nadilfahrik,  Germ.)  A  pin  is 
a  ammll  bit  of  wire,  commonly  brass,  with  a  point  at  one  end,  and  a  spherical  head  at  the 
other.    In  nmking  this  little  article,  there  are  no  less  than  fourteen  distinct  operations. 

1.  Straightening  the  wire.  The  wire,  as  obtained  from  the  drawing-frame,  is  wound 
aboot  a  bobbin  or  barrel,  about  6  inches  diameter,  which  gives  it  a  curvature  that  must 
be  removed.  The  straightening  engine  is  formed  by  fixing  6  or  7  nails  upright  in  a 
waving  line  on  a  board,  so  that  the  void  space  measured  in  a  straight  line  between  the 
first  tluee  nails  may  have  exactly  the  thickness  of  the  wire  to  be  trimmed ;  and  that  the 
other  nails  may  make  the  wire  take  a  certain  curve  line,  which  must  vary  with  its  thick- 
ness. The  workman  pulls  the  wire  with  pincers  through  among  these  naUs,  to  the  length 
of  about  30  feet,  at  a  running  draught ;  and  after  he  cuts  that  off,  he  returns  for  as  much 
JMre;  he  can  thus  finish  600  fathoms  in  the  hour.    He  next  cuts  these  long  pieces  into 

engths  of  3  or  4  pins.    A  day's  work  of  (me  man  amounts  to  18  or  20  thousand  dozen 
of  pin-lengths. 

2,  Pointing  is  executed  on  two  iron  or  steel  gnndslones,  by  two  workmen,  one  of 
whom  rougli^ns  down,  and  Uie  other  finishes.  Thirty  or  forty  of  the  pin  wires  are  ap. 
flied  to  the  grindstone  at  once,  arranged  is  one  plane,  between  the  two  forefingers  and 
Ihunbs  of  both  haadsy  which  dexterously  give  them  a  lotatocy  movement. 
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3.  Cutting  thete  wirtt  into  pinUengths,  This  is  done  by  an  adjosted  ehisd.  The  inter- 
mediate portions  are  handed  over  to  the  pointer, 

4.  Twisting  of  the  vnnfor  the  pvUuads,  These  are  made  of  a  mnch  finer  wire,  coiled 
into  a  compact  spiral,  roand  a  wire  of  the  size  of  the  pins,  by  means  of  a  small  ktk 
constructed  for  the  purpose. 

5.  Cutting  the  heads.  Two  turns  are  dexterously  cut  off  for  each  head,  by  a  regulated 
chisel.    A  skilful  workman  may  turn  off  12,000  in  the  hour. 

6.  ,^nnealing  the  heads.  They  are  put  into  an  iron  ladle,  made  redhot  over  an  opea 
fire,  and  then  thrown  into  cold  water. 

7.  Stamping  or  shaping  the  heads.  This  is  done  by  the  blow  of  a  small  ram,  raised  by 
means  of  a  pedal  lever  and  a  cord.  The  pin-heads  are  also  fixed  on  by  the  same  operative, 
who  makes  about  1500  pins  in  the  hour,  or  from  12,000  to  15,000  per  diem ;  exclonve  of 
one  thirteenth,  which  is  always  deducted  for  waste  in  this  department,  as  well  as  in  the 
rest  of  the  manufacture.  Cast  heads,  of  an  alloy  of  tin  and  antimony,  were  introduced 
by  patent,  but  never  came  into  general  use. 

8.  Yellowing  or  cleaning  the  pins  is  effected  by  boiling  them  for  half  an  hour  in  soar 
beer,  wine  lees,  or  solution  of  tartar ;  after  which  they  are  washed. 

9.  Whitening  or  tinning,  A  stratum  of  about  6  pounds  of  pins  is  laid  in  a  copper  paa, 
then  a  stratum  of  about  7  or  8  pounds  of  grain  tin  ;  and  so  alternately  till  the  vessel  be 
filled ;  a  pipe  being  left  inserted  at  one  side,  to  permit  the  introduction  of  water  slowlj' 
at  the  bottom,  without  deranging  the  contents.  When  the  pipe  is  withdrawn,  its  space  is 
filled  up  with  grain  tin.  The  vessel  being  now  set  on  the  fire,  and  the  water  becoming 
hot,  its  surface  is  sprinkled  with  4  ounces  of  cream  of  tartar ;  after  which  it  is  allowed 
to  boil  for  an  hour.    The  pins  and  tin  grains  are,  lastly,  separated  by  a  kind  of  cullender. 

10.  Washing  the  pins  in  pure  water. 

1 1 .  Drying  and  polishing  them,  in  a  leather  sack  filled  with  coarse  bran,  which  is  agi- 
tated to  and  fro  by  two  men. 

12.  Winnowing,  by  fanners. 

13.  Pricking  the  papers  for  receiving  the  pins. 

14.  Papering,  or  fixing  them  in  the  paper.  This  is  done  by  children,  who  acquire  the 
habit  of  putting  up  36,000  per  day. 

The  pin  manufacture  is  one  of  the  greatest  prodigies  of  the  division  of  labor ;  it  fur- 
nishes 12,000  articles  for  the  sum  of  three  shillings,  which  have  required  the  nnited 
diligence  of  fourteen  skilful  operatives. 

The  above  is  an  outline  of  the  mode  of  manufacturing  pins  by  hand  labor,  but  several 
beautiful  inventions  have  been  employed  to  make  them  entirely  or  in  a  great  measure 
by  machinery;  the  consumption  for  home  sale  and  export  amounting  to  15  millioai 
daily,  fur  this  country  alone.  One  of  the  most  elaborate  and  apparently  complete  is 
that  for  which  Mr.  L.  W.  Wright  obtained  a  patent  in  May,  1824.  A  detailed 
description  of  it  will  be  found  in  the  9lh  volume  of  Newton's  London  Journal.  The 
following  outline  will  give  my  readers  an  idea  of  the  structure  of  this  ingeniou 
machine : — 

The  rotation  of  a  principal  shaA,  mounted  with  several  cams,  gives  motion  to  varioos 
sliders,  levers,  and  wheels,  which  work  the  different  parts.  A  slider  pushes  pincen  for- 
ward!!, which  draw  wire  flrom  a  reel,  at  every  rotation  of  the  shaft,  and  advance  soch  a 
length  of  wire  as  will  produce  one  pin.  A  die  cuts  off  the  said  length  of  wire  by  the 
descent  of  its  upper  chap;  the  chap  then  opens  a  carrier,  which  takes* the  pin  to  the 
pointing  apparatus.  Here  it  is  received  by  a  holder,  which  turns  round,  while  a  bevel- 
edged  file-wheel  rapidly  revolves,  and  tapers  the  end  of  the  wire  to  a  point.  The  pin  is 
now  conducted  by  a  second  carrier  to  a  finer  file-wheel,  in  order  to  finish  the  point  bf  s 
second  grinding.  A  third  carrier  then  transfers  the  pin  to  the  first  heading  die,  and  by 
the  advance  of  a  steel  punch,  the  end  of  the  pin  wire  is  forced  into  a  recess,  whereby  the 
head  is  partially  swelled  out.  A  fourth  carrier  removes  the  pin  to  a  second  die,  where 
the  heading  is  perfected.  When  the  heading-bar  retires,  a  forked  lerer  draws  the 
finished  pin  from  the  die,  and  drops  it  into  a  receptacle  below. 

I  believe  the  chief  objection  to  the  raising  of  the  heads  by  strong  mechanical  com- 
pression upon  the  pins,  is  the  necessity  of  soAenin?  the  wire  previously ;  whereby  the 
pins  thus  made,  however  beautiful  to  the  eye,  are  deficient  in  that  stiffness  which  is  so 
essential  to  their  employment  in  many  operations  of  the  toilet. 

PIPERINE  is  a  crystalline  principle  extracted  from  black  pepper  by  means  of  alcohol. 
It  is  colorless,  has  hardly  any  taste,  fuses  at  212°  F. ;  is  insoluble  in  water,  but  soluble 
in  acetic  acid,  ether,  and  most  readily  in  alcohol. 

PITCH,  MINERAL,  is  the  same  as  Bitumen  and  Asphalt. 

PITCH  of  wood-tar  (Poix,  Fr.;  Perh,  Germ.)  is  obtained  by  boiling  tar  in  an  open 
iron  pot,  or  in  a  still,  till  the  volatile  matters  be  driven  off.  Pitch  contains  pyroligneooi 
resin,  along  with  colophany  (common  rosin),  but  its  principal  ingredient  is  the  former, 
called  by  Berzelios  pyretine.    It  is  brittle  in  the  cold,  but  softens  and  becomes  ductile 
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with  heat.  It  melts  in  hoiling  water,  and  dissolves  in  alcohol  and  oil  of  turpentine,  as 
well  as  in  carbonated  or  caustic  alkaline  leys.  For  Ptretine,  see  the  mode  of  preparing 
it  from  birch  wood,  for  the  purpose  of  preparing  Bussia  Leather. 

PITCOAL.  (HouUU,  Fr. ;  Steinko/Ue,  Germ.)  This  is  by  far  the  most  valuable  of 
mineral  treasures,  and  the  one  which,  at  least  in  Great  Britain,  makes  all  the  others 
available  to  the  use  and  comfort  of  man.  Hence  it  has  been  searched  aAer  with  unre- 
mitting diligence,  and  worked  with  all  the  lights  of  science,  and  the  resources  of  art. 

The  Brora  coal-field  in  Sutherlandshire  is  the  most  remarkable  example  in  this,  or  in 
perhaps  any  country  hitherto  investigated,  of  a  pseudo  coal-basin  among  the  deeper 
secondary  strata,  but  above  the  new  sandstone  or  red  marl  formation.  The  Rev.  Dr. 
Buckland  and  Mr.  C.  Lyell,  after  visiting  it  in  1824,  had  expressed  an  opinion  that  the 
strata  there  were  wholly  unconnected  with  the  proper  coal  formation  below  the  new  red 
sandstone,  and  were  in  fact  the  equivalent  of  the  oolitic  series ;  an  opinion  fully  confirmed 
by  the  subsequent  researches  of  Mr.  Murchison.  (Geo!.  Trans,  for  1827,  p.  293.)  The 
Brora  coal-field  forms  a  part  of  those  secondary  deposites  which  range  along  the  south- 
east coast  of  Sutherlandshire,  occupying  a  narrow  tract  of  about  twenty  miles  in  length, 
and  three  in  its  greatest  breadth. 

One  stratum  of  the  Brora  coal-pit  is  a  coal-shale,  composed  of  a  reed-like  striated 
plant  of  the  natural  order  Equisetum,  which  seems  to  have  contributed  largely 
towards  the  formation  of  that  variety  of  coaL  From  this  coal-shale,  the  next  transition 
upwards  is  into  a  purer  bituminous  substance  approaching  to  jet,  which  constitutes 
the  great  bed  of  coal.  This  is  from  3  feet  3  inches  to  3  feet  8  inches  thick,  and  is 
divided  nearly  in  the  middle  by  a  thin  layer  of  impure  indurated  shale  charged  with 
pyrites,  which,  if  not  carefully  excluded  from  the  mass,  sometimes  occasions  sponta- 
neous combustion  upon  exposure  to  the  atmosphere;  and  so  much,  indeed,  is  that 
mineral  disseminated  throughout  the  district,  that  the  shales  might  be  generally  termed 
**  pyritiferous.^'  Inattention  on  the  part  of  the  workmen,  in  1817,  in  leaving  a  large 
quantity  of  this  pyritous  matter  to  accumulate  in  the  pit,  occasioned  a  spontaneous 
combustion,  which  was  extinguished  only  by  excluding  the  air ;  indeed,  the  coal-pit  was 
closed  in  and  remained  unworked  for  four  years.  The  fires  broke  out  again  in  the  pit 
in  1827. 

The  purer  part  of  the  Brora  coal  resembles  common  pitcoal ;  but  its  powder  has  the 
red  ferruginous  tinge  of  pulverized  lignites.  It  may  be  considered  one  of  the  last  links 
between  lignite  and  true  coal,  approaching  very  nearly  in  character  to  jet,  though  less 
tenacious  than  that  mineral ;  and,  when  burnt,  exhaling  but  slightly  the  vegetable  odor 
so  peculiar  to  all  imperfectly  bituminized  substances.  The  fossil  remains  of  shells  and 
plants  prove  the  Brora  coal  to  be  analogous  to  that  of  the  eastern  moorlands  of  York- 
shire, although  the  extraordinary  thickness  of  the  former,  compared  with  any  similar 
deposite  of  the  latter  (which  never  exceeds  from  12  to  17  inches),  might  have  formerly 
led  to  the  belief  that  it  was  a  detached  and  anomalous  deposite  of  true  coal,  rather  than  a 
lignite  of  any  of  the  formations  above  the  new  red  sandstone  :  such  misconception  might 
more  easily  arise  in  the  infancy  of  geology,  when  the  strata  were  not  identified  by  their 
fossil  organic  remains. 

On  the  coast  of  Yoikshire  the  strata  of  this  pseudo  coal  formation  appear  in  the  follow 
ing  descending  order,  from  Filey  Bay  to  Whitby.  1.  Coral-rag.  2.  Calcareous  grit. 
3.  Shale,  with  fossils  of  the  Oxford  clay.  4.  Kelloway  rock  (swelling  out  into  an  impor- 
tant arenaceous  formation).  5.  Cornbrash.  6.  Coaly  grit  of  Smith.  7.  Pierslone  (ac- 
cording to  Mr.  Smith,  the  equivalent  of  the  gi'eat  oolite).  8.  Sandstone  and  shale,  with 
peculiar  planti  awi  various  seams  of  coal,  9.  A  bed  with  fossils  of  the  inferior  oolite. 
10.  Marl-stone  ?  11.  Alum-shale  or  lias.  All  the  above  strata  are  identified  by  abundant 
organic  remains. 

In  the  oolitic  series,  therefore,  where  the  several  strata  are  developed  in  conformity 
with  the  more  ordinary  type  of  these  formations,  we  may  venture  to  predict  with 
certainty,  that  no  carboniferous  deposites  of  any  great  value  will  ever  be  discovered, 
at  all  events  in  Great  Britain.  A  want  of  such  knowledge  has  induced  many  persons 
to  make  trials  for  coal  in  beds  subordinate  to  the  English  oolites,  and  even  superior  to 
them^n  places  where  the  type  of  formation  did  not  ofifer  the  least  warrant  for  such 
attempts. 

The  third  great  class  of  terrestrial  strata,  is  the  proper  coal-measures,  called 
the  carboniferous  rocks,  our  leading  object  here,  and  to  which  we  shall  presently 
ictum. 

The  transition  rocks  which  lie  beneath  the  coal-measures,  and  above  the  primi- 
tive rocks,  or  are  anterior  to  the  carboniferous  order,  and  posterior  to  the  primitive, 
contain  a  peculiar  kind  of  coal,  called  anthracite  or  stone-coal,  approaching  closely  in  its 
•ature  to  carbon.  It  is  chiefly  in  the  transition  day-slate  that  the  anthracite  occurs  in 
considerable  masses.  There  is  one  in  the  transition  slate  of  the  little  Saint  Bernard, 
the  village  of  la  Tkuile  (in  the  Alps).    It  is  100  feet  long,  and  2  or  3  yards  thick. 
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The  cod  bajm  witk  difficulty,  and  is  oBcd  odIt  Tor  baraiiig  lime.  Thae  nc  Mrcnlif 
tbe  nmc  kind  in  that  counlty,  which  extend  dovn  the  rcTene  dope  of  Ike  ""~~H*t 
looking  lo  Savoy.  The  ilate  encloaing  i^Pi  preseiiti  vegetable  impKMMwa  of  leedi  « 
■nalogoiu  pUnta.  To  the  trmoiitioD  cla^-BlBte  we  mail  likrwise  refer  the  beda  of  aatkn. 
eile  Ihat  M.  Hericait  de  Thory  observed  al  Teij  gieal  brigbu  ia  the  Alps  of  Daaptkr, 
in  a  fbnoalion  of  schiil  and  gray-wacke  with  vegetable  imprcMion*,  wfaicii  lepc^ea  dktd- 
ly  on  Ibe  primitive  rocks. 

The  great  CHrboiiirerDiu  formalioa  may  be  tabdivided  into  four  orders  oTroeln :  1.  Oe 
eoal-measuies,  including  (heir  manirold  alleniationi  of  coal-beds,  sanditonea,  and  ihalw; 
S.  tbe  millslone  grit  and  shale  towardi  the  bottom  of  the  eonl  meatnrea ;  3.  the  eaibo- 
ifeniDS  limestone,  which  projecting  lo  considerable  hciehls  above  tbe  outcrop  ef  the  (oal 
•od  grit,  acquires  the  title  of  mounlaiD  limestone ;  4.  the  oU  red  sands' 
ing  link  with  the  Iransition  end  piinuu;  nick  basin  in  which  the  eoal  i] 

The  coal-fields  of  England,  from  geographical  poeilioa,  naturally  fall  w 
ing  arrangement; — I.  The  grtal  wrlhtm  diilricl ;  incladiag  all  tlw  eo«]-&elda  OOtth 
oTTrent.  3.  The  cenMiJ  diitricl ;  inclading  Leicester,  Warwiek,  Stafibid,  and  BktOf- 
(hire.  3.  The  uwtfcni  dittrkt ;  subdivided  into  nortK-vattn,  inclnding  North  WbIm, 
■nd  the  loutt-uwifera,  including  South  Wales,  Glouecster,  and  Somersetihire. 

There  are  three  principal  coal-basins  in  Scotland:  1.  thai  of  Ayrshire;  3.  (hat  of 
Clydesdale ;  and  3.  thai  of  Ihc  valley  of  the  Forth,  which  mns  into  tbe  ■ecmid  jro  the 
line  oT  the  Union  Canal.  If  Iwo  lines  be  drawn,  one  from  Saint  Andrews  on  the  aoth- 
east  coast.  Id  Kilpalrick  on  the  Clyde,  and  another  from  Aberlidy,  in  Hadd>ngloDsliire,tn 
a  point  s  few  miles  south  of  Kirkoswald  in  Ayrshire,  they  will  ioehide  between  Ihm 
the  whole  space  where  pilcoal  has  been  discovered  and  worked  in  Scotland. 

The  great  coal-Eerics  consists  of  a  regular  allemalion  o{  mineral  strala  depouted  in  * 
grenl  concavity  or  basin,  the  sides  and  bottom  of  which  are  composed  oflranaition  roeki. 
This  arrungement  will  be  clearly  nndcntoodby  inspecting  ^f.  794,  which  r 
■ection  of  the  coal-£eld  touth  of  Melmsbury. 

MiDdiji  UUi.  DuDdry  hill.  Wict.  luclu.  F<t  bill,  N.  a 


1,  1,  old  red  gandstone ;  2,  mountain  limesloDCi  3,  millstone  grit;  4, 4,  coal  aoM; 
6,  Pennant,  or  eoaise  sandstone;  6,  new  red  sandstone,  or  red  marl ;  7,7,  lias;  8,B,ia- 
fcrior  oolite  ;  9,  great  oolite ;  10,  conibraah  and  Forcsl  marble. 

No.  1,  OT  the  old  red  sandstone,  may  thRrefoie  be  regarded  as  tbe  charsteteriKic  Ijaiig 
of  tbe  eoal  basins ;  but  this  sandstone  resis  on  transition  limestone,  and  this  limeHone  ca 
gny-wacke.  This  methodical  distribution  of  Ibe  carboniferous  series  is  well  exemplilol 
in  Ihe  coal-basin  of  the  Forest  of  Dean  in  the  souch-wcsl  of  England,  and  has  been  aceo- 
iBldy  described  by  Mr.  Mnshet. 

The  gray-icacke  consists  of  highly  inclined  beds  of  slaty  micaceous  SBtMUtoae,  whidi  en 
the  one  hand  allemales  with  and  passes  inlo  a  coarse  breccia,  having  grains  as  large  ss 
peas  ;  on  the  other,  inlo  a  soft  argillaeeout  slate.  The  gray-wacke  stand*  bare  on  Ac 
noTth-eeslem  border  of  the  Foreal,  near  the  soulhcm  extremity  of  the  ehain  of  traniitioa 
limestone,  which  extends  from  Stoke  Edith,  near  Hereford,  to  Flaxley  on  the  Seven.  It 
is  traversed  by  a  defile,  through  which  the  road  from  Gloucester  to  Rocs  winds.  The 
abruptness  of  this  pass  gives  il  a  wild  and  monnlainons  character,  and  affords  the  beat  op- 
portunity of  examining  the  varieties  of  the  rock. 

The  Tnaitition  Imaloat  consists  in  its  lotoer  Mit  of  fine-grained,  tender,  extremely 
■rgillaeeouB  slate,  known  in  the  district  by  Ihe  name  of  uwttr-jfaiK,  in  consequenee  of  tbe 
wet  soil  that  is  found  wherever  it  appears  al  the  surface.  Calcareous  matter  is  iDter- 
■pened  in  it  but  sparingly.  Its  upftr  iedi  consisi  of  shale  alternating  with  eileasiTe 
beds  of  iliatified  limestone.  The  lowest  of  Ihc  calcareous  strata  are  Ihin,  aiul  alteraale 
wiUi  shale.  On  these  repoae  thicker  strata  of  more  compact  limestone,  often  of  a  dnO 
blue  color.  The  beds  are  often  dolomitie,  which  is  indicated  by  straw  jellow  colot, « 
daik  pink  color,  and  by  the  sandy  or  glimmering  aspect  of  the  rock. 

The  old  red  tmdilant,  whoee  limila  are  so  lesUicled  in  other  pails  of  pn^tanJ,  koc 
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occupies  an  extensive  area.  The  space  which  it  covers,  its  great  thickness,  its  high  in- 
clination, the  abrupt  character  of  the  surface  over  which  it  prevails,  and  the  consequent 
display  of  its  strata  in  many  natural  sections,  present  in  this  district  advantages  ibr  studying 
the  formation,  which  are  not  to  be  met  with  elsewhere  in  South  Britain.  In  the  neigh- 
liorhood  of  Mitchel  Dean,  the  total  thickness  of  this  formation,  interposed  conformablr 
between  the  transition  and  mountain  limestone,  is  from  600  to  800  fathoms.  The  old  red 
sandstone  is  characterized  in  its  upper  portion  by  the  presence  of  silicious  conglomerate^ 
containing  silicious  pebbles,  which  is  applied  extensively  to  the  fabrication  of  millstones 
near  Monmouth,  and  on  the  banks  of  the  Wye.  This  sandstone  encircles  the  Forest  with 
a  ring  of  very  elevated  ground,  whose  long  and  lofty  ridges  on  the  eastern  frontier  over* 
bang  the  valley  of  the  Severn. 

Tite  mountain  limeHonty  or  carboniferous,  is  distinguished  from  transition  limestone, 
rather  by  its  position  than  by  any  very  wide  difference  in  its  general  character  or  organic 
remains.  According  to  the  measurements  of  Mr.  Mushet,  the  total  thidcness  c?  the 
mountain  limestone  is  about  120  fathoms.  The  zone  of  limestone  belonging  to  this 
coal-basin,  is  from  a  furlong  to  a  mile  in  breadth  on  the  surface  of  the  ground,  according 
as  the  dip  of  the  strata  is  more  or  less  rapid.  The  angle  of  dip  on  the  northern  and 
western  border  is  oAen  no  more  than  \CP,  but  on  the  eastern  it  frequently  amounts  to 
80^.  The  calcareous  zone  that  defines  the  outer  circle  of  the  basin,  suffers  only  one 
short  interruption,  scarcely  three  miles  in  length,  where  in  consequence  of  a  fault  the 
limestone  disappears,  and  the  coal-measures  are  seen  in  contact  with  the  old  red 
sandstone. 

Coal  measures, — Their  aggregate  thickness  amounts,  according  to  Mr.  Mushet,  to  about 
500  fathoms.  1.  The  lowest  beds,  which  repose  on  the  mountain  limestone,  are  about  40 
fathoms  thick,  and  consist  here,  as  in  the  Bristol  coal-basin,  of  a  red  silicious  grit,  alter- 
nating with  conglomerate,  used  fur  millstones ;  and  with  clay,  occasionally  used  for  ochre. 
2.  These  beds  are  succeeded  by  a  series  about  120  fathoms  thick,  in  which  a  gray  grit- 
stone predominates,  alternating  in  the  lower  part  with  shale,  and  containing  6  seams  of 
coal.  The  grits  are  of  a  fissile  character,  and  are  quarried  extensively  for  flag-stone> 
ashlers,  and  fire-stone.  3.  A  bed  of  grit,  25  fathoms  thick,  quarried  for  hearth-stone, 
separates  the  precedini?  series  from  the  foUowing,  or  the  4th,  which  is  about  115  fathoms 
thick,  and  consists  of  from  12  to  14  seams  of  coal  ulternating  with  shale.  J5.  To  this 
succcKcds  a  straw-colored  sandstone,  nearly  100  fathoms  thick,  forming  a  high  ridge  in  the 
interior  of  the  basin.  It  contains  several  thin  seams  of  coal,  from  6  to  16  inches  in  thick- 
ness. 6.  On  this  reposes  a  series  of  about  12  fathoms  thick,  consisting  of  3  seams  of 
coal  alternating  with  shale.  7.  This  is  covered  with  alternate  beds  of  grit  and  shale, 
whose  aggregate  thickness  is  about  100  fathoms,  occupying  a  tract  in  the  centre  of  the 
basin  about  4  miles  long,  and  2  miles  broad.  The  sandstone  No.  5  is  probably  the  equiva* 
lent  of  the  Pennant  in  the  preceding  figure.  ^ 

The  floor,  or  pavement,  immediately  under  the  coal  beds  is,  almost  without  exception, 
a  grayish  slate-clay,  which,  when  made  into  bricks,  strongly  resists  the  fire,  lliis  fire- 
clay varies  in  thickness  from  a  fraction  of  an  inch  to  several  fathoms.  Clay-ironstone  is 
often  disseminated  through  the  shale. 

The  most  complete  and  simplest  form  of  a  coal-field  is  the  entire  basin-shape,  which 
we  find  in  some  instances  without  a  dislocation.  A  beautlftil  example  of  this  is  to  be  seen 
mt  Blairengone,  in  the  county  of  Perth,  immediately  adjoining  the  western  boundary  of 
CJAdonannanshire,  as  represented  in  fig,  795,  where  the  outer  elliptical  line,  marked 


AWeat 


EattB 


A  Weil 


A,  B,  c,  D,  represents  the  crop,  outburst,  or  basset  edge  of  the  lower  coal,  and  the  inner 
elliptittl  line  represents  the  crop  or  basset  edge  of  the  superior  coal»    Fig.  796  is  the 
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loagitadinal  section  of  the  line  a  b  ;  Knd/ig,  797,  the  transverse  sectioa  of  the  line  c  d. 
All  the  accompanying  coal  strata  partake  of  the  same  form  and  parallelism.  Ttoe 
hasins  are  generally  elliptical,  sometimes  nearly  circular,  but  are  often  very  eocentra^ 
being  much  greater  in  length  than  in  breadth ;  and  frequently  one  side  of  the  basin  oi 
the  short  diameter  has  a  much  greater  dip  than  the  other,  which  circumstance  throvi 
the  trough  or  lower  part  of  the  basin  concavity  much  nearer  to  the  one  side  than  to  the 
other.  From  this  view  of  one  entire  basin,  it  is  evident  that  the  dip  of  the  coal  strati 
belonging  to  it  runs  in  opposite  directions,  on  the  opposite  sides,  and  that  all  the  stiatt 
regularly  crop  out,  and  meet  the  alluvial  cover  in  every*  point  of  the  circumferential  spae^ 
like  the  edges  of  a  nest  of  conmion  basins.    The  waving  line  marks  the  river  Devon. 

It  is  from  this  basin  shape  that  all  the  other  coal-fields  are  formed,  which  are  segmeats 
of  a  basin  produced  by  slips,  dikes,  or  dislocations  of  the  strata.  If  the  coals  (fig.  T9S) 
were  dislocated  by  two  slips  b  c  and  d  e,  the  slip  b  c  throwing  the  strata  doum  to  the  east, 
and  the  slip  d  e  throwing  them  as  much  up  in  the  same  direction,  the  outcrops  of  the  coals 
would  be  found  in  the  form  represented  in^lg.  798,  of  which  fig,  799  is  the  section  in  the 
line  A  B,  andySg.  SOO  the  section  in  the  line  c  d. 

The  chief  difficulty  in  exploring  a  country  in  search  of  coal,  or  one  where  coal-fieUi 
are  known  to  exist,  arises  from  the  great  thickness  of  alluvial  and  other  cover,  which 
completely  hides  the  outcrop  or  basset  edge  of  the  strata,  called  by  miners  the  rodk-Acod ; 
as  also  the  fissures,  dikes,  and  dislocations  of  the  strata,  which  so  entirelj  change  the 
structure  and  bearings  of  coal-fields,  and  cause  often  great  loss  to  the  mining  adventorer. 
The  alluvial  cover  on  the  other  hand  is  beneficial,  by  protecting  the  seams  of  the  strata 
from  the  superficial  waters  and  rains,  which  would  be  apt  to  drown  them,  if  they  were 
naked.    In  all  these  figures  of  coal-basins,  the  letter  a  indicates  coaL 

The  absolute  shape  of  the  coal-fields  in  Great  Britain  has  been  ascertained  with  sur- 
prising precision.  To  whatever  depth  a  coal-mine  is  drained  of  its  water,  from  that 
depth  it  is  worked,  up  to  the  rise  of  the  water-level  line,  and  each  miner  continues  to  ad- 
vance his  room  or  working-place,  till  his  seam  of  coal  meets  the  alluvial  cover  of  the 
outcrop,  or  is  cut  off  by  a  dislocation  of  the  strata.  In  this  way  the  miner  travels  in  s«t- 
cession  over  every  point  of  his  field,  and  can  portray  its  basin-shape  most  minutely. 
jPtg.  801  represents  a  horizontal  plan  of  the  Clackmannanshire  coal-field,  as  if  the 
801  strata  at  the  outcrop  all  around  were  denndei 

of  the  alluvial  cover.  Only  two  of  the  eoa- 
centric  beds,  or  of  their  edges  a,  a,  are  repie- 
sented,  to  avoid  perplexity.  It  is  to  be  !•• 
membered,  however,  that  all  the  series  of  s^ 
tendant  strata  lie  parallel  to  the  above  lineL 
This  plan  shows  the  Ochill  mountains,  with 
the  north  coal-fields,  of  an  oblong  elliptical  shapes 
^^he  side  of  the  basin  next  the  mountains  heiag 
precipitous,  as  if  upheaved  by  the  emptive 
•  trap-rocks;  while  the  south,  the  east,  and  tlie 
west  edges  of  the  basin  shelve  out  at  a  greet 
distance  from  the  lower  part  of  the  concavity 
or  trough,  as  miners  call  it.  Thus  the  alternate 
beds  of  coal,  shale,  and  sandstone,  all  nearly 
concentric  in  the  north  coal-field,  dip  inwaidi 
from  all  sides  towards  the  central  area  of  the 
trough.  The  middle  coal-field  of  this  district, 
however,  which  is  formed  by  the  great  north 
slip,  is  merely  the  segment  of  an  elliptical  basin, 
where  the  strata  dip  in  every  direction  to  the  middle  of  the  axis  marked  with  the  letter  x; 
being  the  deepest  part  of  the  segment.  The  south  coal-field,  formed  by  the  great  sooth 
slip,  is  likewise  the  segment  of  another  elliptical  basin,  similar  in  all  respects  to  the  mid- 
dle coal-field.  Beyond  the  outcrop  of  the  coals  and  subordinate  strata  of  the  south  coal- 
fields, the  counter  dip  of  the  strata  takes  place,  producing  the  mantle-shaped  form ;  whence 
the  coal  strata  in  the  Dunmore  field,  in  Stirlingshire,  lie  in  a  direction  contrary  to  those 
of  the  south  coal-field  of  Clackmannanshire,    o,  are  the  Ochill  mountains. 

Fig.  802  is  intended  to  represent  an  extensive  district  of  country,  containing  a  great 
coal-basin,  divided  into  numerous  subordinate  coal-fields  by  these  dislocations.  The  lines 
marked  b  are  slips,  or  faults ;  the  broad  lines  marked  c  denote  dikes ;  the  former  dislocate 
the  strata,  and  change  their  level,  while  dikes  disjoin  the  strata  with  a  wall,  but  do  not 
in  general  affect  their  elevation.  The  two  parallel  lines  marked  a,  represent  two  seams 
of  coal,  variously  heaved  up  and  down  by  the  faults ;  whereas  the  dikes  are  seen  to  pass 
through  the  strata  without  altering  their  relative  position.  In  this  manner,  partial  coal- 
fields are  distributed  over  a  wide  area  of  country,  in  every  direction. 
The  only  exception  to  this  general  form  of  the  coal-fields  in  Great  Britain,  it  the  in- 


rted  buJD  thape )  tnl  tlii*  is  nre.  A  Ctw  eiamples  occur  in  some  districts  oT  Kog- 
idfUidin  the  CDantl  1^  Fife  j  but  even  ia  extensive  cosl-firlds,  this  convex  form  is 
I  a  pkrUal  gccurrence,  or  a  ilevialion  bv  local  fiolenee  from  the  ordinary  basin. 
t.  803  is  an  iiulaaceof  a  convex  coal-fieU  exhibited  in  Slaflbnlshire,  al  the  Castle- 

—2? hill,   doM     to    the    town    of    Dudley. 

1,  I,  are  limestone  strata ;  2,  2,  are  oocd. 
Through  this  hill,  canals  have  bnn 
cm,  for  wotlcing  the  immease  beds  of 
carbon  iferoui  limestone.  These  oceor 
in  the  lower  series  of  the  strata  of 
tbe  coal-field,  and  therefore  at  a  dis- 
tance of  many  mile*  from  the  Castle- 
hill,  beyond  the  oolcrop  of  all  the 
workable  coals  in  the  proper  buin- 
shaped  pvt  of  the  Geldi  but  by  this 
apparently  inverted  basin-fonu,  these 
limestone  beds  are  elevated  far  above 
the  level  of  the  general  surface  of  the 
country,  and  consequently  above  the 
level  of  all  the  coals.  We  tnust  regard 
this  seeming  inversion  as  resulting  from 
the  approximation  of  two  coal-baeins,  sep- 
arated by  the  basset  edges  of  their  moon- 
tain  limestone  repository. 

Fig.  804  is  a  vertical  gecUon  of  the 
.Dudley  coal-basin,  tbe  upper  coal-bed 
of  which  has  the  astonishing  thickness 
(rf'  30  feel  I  and  this  mass  eilends  T  miles 
in  length,  and  4  in  breadth.  Cual-scams 
a  or  6  feet  thick,  are  called  fAin  in  that 
district. 

.Fig.  SOS  is  a  very  interesting  section 
of  the  main  coal-baEin  of  Clackman- 
nanshire, as  given  by  Mr.  Bald  in  the 
Wernerian    Society's    " 


t    broken 
r   dislocations  of  tbe  strain : 
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coal-fields,  formed    by  two  great  faults   c 

of  these  fractures  across  the  whole  series,  the  strata  continue  fjuile 
regular  in  their  respective  alternations,  and  preserve  nearly  unchanged 
their  angle  of  iocliaation  to  the  horizon.  The  section  shows  the  south 
Coal-Seld  clipping  northerly,  till  it  is  cut  across  by  the  great  south  slip  t, 
which  dislocates  the  coal  and  the  parallel  strata  to  the  enormous  extent 
of  1230  feel,  by  which  all  the  coals  have  been  thrown  up,  not  simply 
to  the  day,  hut  are  not  found  again  till  we  advance  nearly  a  mile  north- 
ward, on  the  line  of  the  dip,  where  the  identical  seams  of  coal,  shale,  kc. 
are  observed  once  more  with  their  regular  inclination.  These  coals  of 
the  middle  area,  dip  regularly  northward  till  interrupted  bj  the  great 
north  slip  y,  which  dislocates  the  strata,  and  throws  them  up  TOO  feet ; 
that  is  to  say,  a  line  prolonged  in  the  direction  of  any  one  well-known 
scam,  will  run  700  feet  above  the  line  of  the  same  seam  as  it  emerges 
afler  the  middle  slip.  Immediately  adjoining  the  north  slip,  the  coal: 
and  coal-field  resume  their  course,  and  dip  regularly  northward,  run- 
ning through  a  longer  rvnge  than  either  of  the  other  two  members  of 
the  basin,  till  they  arrive  at  the  valley  of  the  Devon,  at  the  foot  of  the 
Ochill  mountains,  where  they  rarmaconcavecurvature,DrlrouKh,a,  and 
thence  rise  rapidly  in  an  almost  vertical  direction  at  b.  Here  the  coqU, 
associate  strata,  assume  eonformily  and  parallelism  with  the  face  of  the 
:one  strata  of  the  Ochill  mountains  r ;  being  raised  to  the  high  angle  of  73 
the  horizon.    The  caal-seams  thus  upheaved,  are  called  tdgt-nutalt  by  the 
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In  this  remarkable  coal-fleM,  which  has  been  aceorately  explored  hf  pittinf  nl 
boring  to  the  depth  of  703  feet,  there  are  no  fewer  than  142  beds,  or  distinct  strata  of 
coal,  shale,  and  sandstone,  &c.,  variously  altematinir,  an  idea  of  which  may  be  had 
906       by  inspecting  fig,  806.     Among  these  are  24  beds  of  coal,  which   would  eoi- 
stitute  an  aggregate  thickness  of  59  feet  4  inches ;  the  thinnest  semm  of  cmI 
being  2  inches,  and  the  thickest  9  feet.    I'he  strata  of  this  section  contaia 
numerous  varieties  of  sandstone,  slate-clay,  bituminous  shale,  indurated  clay,  or 
fire-clay,  and  clay  ironstone.    Neither  trap-rock  nor  limestone  is  found  in  con- 
nexion with  the  workable  coals ;  but  an  immense  bed  of  greenstone,  named 
Abbey  Craig,  occurs  in  the  western  boundary  of  Clackmannanshire,  under  which 
lie  regular  strata  of  slate-clay,  sandstonej  thin  beds  of  limestone,  and  large  sphe- 
roidal masses  of  clay  ironstone,  with  a  mixture  of  lime. 

«  With  regard  to  slips  in  coal-fields,"  says  Mr.  Bald,  «  we  find  that  there  is  a 
general  law  connected  with  them  as  to  the  position  of  the  dislocated  strata, 
which  is  this : — When  a  slip  is  met  with  in  the  course  of  working  the  mines— 
if  when  looking  to  it,  the  vertical  line  of  the  slip  or  fissnre,  it  forms  an  acute  angle 
with  the  line  of  the  pavement  upon  which  the  observer  stands,  we  are  certain 
that  the  strata  are  dislocated  downwards  upon  the  other  side  of  the  fissure.  On 
the  contrary,  if  the  angle  formed  by  the  two  lines  above  mentioned  is  obtu«e,we 
are  certain  that  the  strata  are  dislocated  or  thrown  upwards  upon  the  other  side 
of  the  fissure.  When  the  angle  is  90°,  or  a  right  angle,  it  is  altogether  uncertain 
whether  the  dislocation  throws  up  or  down  on  the  opposite  side  of  the  slip. 
When  dikes  intercept  the  strata,  they  generally  only  separate  the  strata  the 
width  of  the  dike,  without  any  dislocation,  either  up  or  down  ;  so  that  if  a  coat 
is  intercepted  by  a  dike,  it  is  found  again  by  ilinning  a  mine  directly  forwaxd, 
corresponding  to  the  angle  or  inclination  of  the  coal  with  the  horixon."— 
Wemerian  Society's  Memoirs,  vol.  iii.  p.  133.* 

The  Juhnstone  coal-field,  in  Renfrewshire,  is  both  singular  and  interesting. 
The  upper  stratum  of  rock  is  a  mass  of  compact  greenstone  or  trap,  above  lo6 
feet  in  thickness,  not  at  all  in  a  conformable  position  with  the  coal  strata,  but 
overlying ;  next  there  are  a  few  fathoms  of  soil  sandstone  and  slate-clay,  alter- 
nating, and  uncommonly  soft  Beneath  these  beds,  there  are  no  fewer  than  ten 
seams  of  coal,  lying  on  each  other,  with  a  few  divisions  of  dark  indurated  clay. 
These  coal-seams  have  an  aggregate  thickness  of  no  less  than  100  feet ;  a  mast  of 
combustible  matter,  in  the  form  of  coal,  unparalleled  for  its  accumulation  in  m 
narrow  a  space.  The  greater  part  of  this  field  contains  only  5  beds  of  coal ;  hirt 
at  the  place  where  the  section  shown  in^fg.  807  is  taken,  these  five  coals  seem  lo 
have  been  overlapped  or  made  to  slide  over  each  other  by  violence.  This  stroe* 
ture  is  represent«l  in  fig.  808,  which  is  a  section  of  the  Quarrelton  coal  in  the 
Johnstone  field,  showing  the  overlapped  coal  and  the  double  coal,  with  the  thick 
bed  of  greenstone,  overlying  the  coal-field. 

808 


a.  Alluvial  cover.  e.  Position  of  greenstone,  not  ascertained. 

b.  Bed  of  trap  or  greenstone.  /.  Strata  in  which  no  coals  have  been  found. 

c.  Alternating  coal  strata.  g.  The  overlapped  coal, 
(f.  Coal-seams.                                   A.  The  double  coal. 

Before  proceeding  to  examine  the  modes  of  working  coal,  1  shall  introduce  here  a  de- 
scription of  the  two  principal  species  of  this  mineral. 

1.  Cubical  coal, — It  is  black,  shining,  compact,  moderately  hard,  but  easily  frangiUe. 
When  extracted  in  the  mine,  it  comes  out  in  rectangular  masses,  of  which  the  smaller 
fragments  are  cubical.  The  lamellae  (reed  of  the  coal)  are  always  parallel  to  the  bed  or 
plane  on  which  the  coal  rests ;  a  fact  which  holds  generally  with  this  substance.  There 
are  two  varieties  of  cubical  coal ;  the  open-burning  and  the  caking.  The  latter,  however 
small  its  fragments  may  be,  is  quite  available  for  fuel,  in  consequence  of  its  agglutinating 
into  a  mass  at  a  moderate  heat,  by  the  abundance  of  its  bitumen.  This  kind  is  the  true 
smithy  or  forge-coal,  because  it  readily  forms  itself  into  a  vault  round  the  Mast  of  the 
bellows,  which  serves  for  a  cupola  in  concentrating  the  heat  on  objects  thrust  into  the 
cavity. 

The  open-burning  cubical  coals  are  known  by  several  local  names ;  the  rough  eonl  or 

*  This  paper  does  honor  to  its  author,  the  eminent  coal- viewer  of  Scotland. 
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eoal,  from  the  large  masses  in  which  they  may  be  had  and  the  cherry  coal,  fh)m 
Jieerful  blaze  with  which  they  spontaneously  bnm  ;  whereas  the  caking  coals,  sneh 
DSt  of  the  Newcastle  qualities,  require  to  be  frequently  poked  in  the  grate.  Its  sped- 
ravity  varies  from  1*25  to  1*4. 

8laU  or  tjdint  coal. — ^This  is  dull-black,  very  compact,  much  harder,  and  more 
ultly  frangible  than  the  preceding.  It  is  readily  fissile,  like  slate,  but  powerfully 
ts  the  cross  fracture,  which  is  conchoidal.  Specific  gravity  from  1*26  to  1*40.  In 
ing,  it  separates  in  large  quadrangular  sharp-edged  masses.  It  burns  without 
ig,  produces  much  flame  and  smoke,  unless  judiciously  supplied  with  air,  and  leaves 
lentiy  a  considerable  bulk  of  white  ashes.  It  is  the  best  fuel  for  distilleries  and  all 
;  grates,  as  it'makes  an  open  fire,  and  does  not  clog  up  the  bars  with  glassy  scorias. 
jid  good  splint  coal  of  the  Glasgow  field  to  have  a  specific  gravity  of  1*266,  and  to 
ist  of— -carbon,  70*9 ;  hydrogen,  4*3 ;  oxygen,  24-8. 
Cannel  coal, — Color  between  velvet  and  grayish-black;  lustre  resinous;  fracture 
;  fragments  trapezoidal ;  hard  as  splint  coal ;  spec.  grav.  1*23  to  1*28.  In  working, 
letacbed  in  four-sided  columnar  masses,  oAen  breaks  conchoidal,  like  pitch,  kindles 
readily,  and  bums  with  a  bright  white  projective  flame,  like  the  wick  of  a  candle, 
ice  its  name.  It  occurs  most  abundantly  in  the  coal-field  of  Wigan,  in  Lancashire, 
bed  4  feet  thick ;  and  there  is  a  good  deal  of  it  in  the  Clydesdale  coal-field,  of  which 
ms  the  lowest  seam  that  is  worked.  It  produces  very  little  dust  in  the  mine,  and 
ly  soils  the  Angers  with  carbonaceous  matter.  Cannel  coal  from  Woodhall,  near 
gow,  spec.  grav.  1*228,  consists  by  my  analysis  of-— carbon,  72*22 ;  hydrogen,  3*93 ; 
m,  21-05 ;  with  a  little  azote  (about  2*8  in  100  parts.)  This  coal  has  been  found  to 
dy  in  the  Scotch  gas-works,  a  very  rich-burning  gas.  The  azote  is  there  converted 
ammonia,  of  which  a  considerable  quantity  is  distilled  over  into  the  tar-pit. 
Glance  coal, — This  species  has  an  iron-black  color,  with  an  occasional  iridiscence, 
that  of  tempered  steel ;  lustre  in  general  splendent,  shining,  and  imperfect  metallic ; 
not  soil ;  easily  frangible ;  fracture  flat  conchoidal ;  fragments  sharp-edged.  It  bums 
out  flame  or  smell,  except  when  it  is  sulphureous ;  and  it  leaves  a  white-colored 
It  produces  no  soot,  and  seems,  indeed,  to  be  merely  carbon,  or  coal  deprived  of 
olatile  matter  or  bitumen,  and  converted  into  coke  by  subterranean  calcination,  fre- 
itly  from  contact  with  whin-dikes.  Glance  coal  abounds  in  Ireland,  under  the  name 
Hkenny  coed ;  in  Scotland  it  is  called  blind  coal,  from  its  burning  without  flame  or 
ce ;  and  in  Wales,  it  is  the  malting  or  stone  coal.  It  contains  from  90  to  97  per  cent. 
irbon.  Specific  gravity  from  1*3  to  1*5 ;  increasing  with  the  proportion  of  earthy  im- 
ties. 

lie  dislocations  and  obstructions  found  in  coal-fields,  which  render  the  search  for  coal 
ifficnlt,  and  their  mining  so  laborious  and  uncertain,  are  the  following  : — 
DikBi,    2.  Slips  or  Faults,    3.  Hitches.    4.  Troubles. 

he  first  three  infer  dislocation  of  the  strata ;  the  fourth  changes  in  the  bed  of  coal  itself. 
A  dike  is  a  wall  of  extraneous  matter,  which  divides  all  the  beds  in  a  coal-field, 
ikes  extend  not  only  in  one  line  of  bearing  through  coal-fields  for  many  miles,  but 
sometimes  in  different  directions,  and  have  often  irregular  headings,  but  no  sharp 
lUur  turns.  When  from  a  few  feet  to  a  few  fathoms  in  thickness,  they  occur  some- 
s  in  numbers  within  a  small  area  of  a  coal  basin,  running  in  various  directions,  and 
i  crossing  each  other.  Fig,  809  represents  a  ground  plan  of  a  coal-field,  intersected 
809     ,f  p  with  greenstone  dikes,      a  b  and  c  h 

are  two  dikes  standing  parallel  to  each 
other ;  £  r  and  o  h  are  cross  or  oblique 
^^  dikes,  which  divide  both  the  coal  strata 
and  the  primary  dikes  A  b  and  c  d. 

2.  Slips  or  fauUs  ran  in  straight  lines 
through  coal-measures,  and  at  every 
angle  of  incidence  to  each  other. 
Fig,  810  represents  a  ground  plan  of 
a  coal-field,  with  two  slips  a  b  and  c  d 
in  the  line  of  bearing  of  the  planes  of 
the  strata,  which  throw  them  down  to 
■  the  outcrop.  This  is  the  simplest  form 
of  a  «Hp.  Fig,  811  exhibits  part  of  a 
C  coal-field  intersected  with  slips,  like  a 
cracked  sheet  of  ice.     Here  a  b  is  a 

dike;     whOe    the    narrow    lines    show 

dip.  faults  of  every   kind,  producing   diri»> 

ma  varying  in  amount  of  slip  from  a  few  feet  to  a  great  many  fathotns.  The  faults 
he  points  a,  a,  a  vanish ;  and  the  lines  at  c  denote  four  small  partial  dips  called 
let. 


BBI^ 


1 


Tbe  effect!  of  ilipt  and  dikn  od  the  coal  straU  ippew  mote  praninratly  «ba 
viewed  in  a  vertical  section,  than  in  a  groond  plan,  where  Ihey  leem  to  be  merclT  waD^ 
veint,  aod  lines  of  demarcation.    Fig.  812  is  a  vertical  Kction  of  a  coal-field,  Inm  tf 


to  Hm,  RhoTing  three  strata  of  coal  a,  £,  f .  a  i  represents  a  dike  at  right  anslM  l«  tke 
plane  of  the  coal-beds.  Thit  rectangular  »ali  meret;  separates  the  coBl-meBaBrci, 
affrcling  their  line  of  rise;  but  further  to  the  rise,  the  oblique  dike  c  D  inlemptalhi 
cools  a,  b,  r,  and  not  only  disjoins  them,  but  throws  them  and  their  eoocomilant  MnB 
greatly  lower  down  j  but  slDl,  with  this  depression,  the  strata  retain  their  paraltelisa 
and  general  elope.  Nearer  to  Ihe  outcrop,  another  dike  E,  r,  intermpli  the  c«ls  ■,  t,  (, 
not  merely  breaking  the  conlinnily  of  the  planes,  but  throwing  them  moderatplj  gp,  is 
a»  lo  produce  a  steeper  inelinBlion,  as 'shown  in  the  figure.  It  sometimes  hap|icns  Ihil 
the  eonls  in  the  compBrtment  H,  betwixt  Ihe  dikes  c  and  E,  ma;  lie  nearly  horiioata^ 
and  the  eflect  of  the  dike  e,  t,  is  then  to  throw  out  the  coals  allnffelher,  leaving  nc 
Teslige  of  them  in  the  compartment  k.  "Such,"  says  Mr.  Bald,  from  whom  thm 
iUusliations  are  borrowed,  "  ore  the  most  prominent  changes  in  the  strata,  as  to  ibei 
line  of  direction,  produced  by  dikes )  but  of  these  changes  there  are  variong  modifies 


represented  in 


the  lertica]  section,  J5j.  8 J3,  whtJi 

n  intersecling  slip,  which  thinwsal 

the  coals  of  the  first  cm 

partment  much  lower,  a*  i 

observable    in    the   ii  nil 

No.  2 ;  and  fhitn  the  annsB 

of  the  flip,  it  brings  in  othe 

coal-teams,  marked  1,  %1 

not     in    the    eotnpartiwa 

No.  1.     c,  D,  ia  a  slip  pr» 

ducing  a  aimilar  result,  bal 

not  of  Ihe  same  magaitBde. 

E,  r  represents  a  slip  mepm 

the  strata,  reverse  in  dine- 

c>   l]iri:jir  \i\t  Ibe  coals,  as  Bhown   in  the  ira 

play  seams  seated  uojer  those  marited  a,t,t, 

"    '    '    "      and   it  majr  ha^a 


^^^: 

"tyI/     1 

that 


the  coal  marked  4  lies  in  the  pv- 


,   whea  Ike 


in  the  com  partment  No. 
case  becomes  puzzling  to  ine  miati. 
In  addition  to  the  above  varieLcs,  ■ 
number  of  slips  or  bitches  are  often  seel 
near  one  another,  as  in  the  area  roaijud 
No.  6,  where  the  individual  displaM- 
ments  are  inconsiderable,  but  the  uf- 
gregate  dislocation  may  be  gml,  ii 
reference  to  the  seamt  of  the  Sth  coopait- 

The  results  of  dikes  and  slips  on  a  hoti- 
lontal  portion  of  a  field  are  eiempUeed  in 
fig.  S14.  Where  the  coal-meamres  are 
horizontal,  and  the  faults  mn  at  a  greaUl 
Bni>le  than  45°  to  the  line  of  bearing,  UitT 
are  termed  dip  and  rise  faults,  as  t  ■,  c  D, 


jeet  in  one  respect  to  %  general  law,  which  may  be  thus  ei^ined :— Let  fig.  8U 
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be  B  ponion  of  >  coal-meaiare  i  A,  bcin;  ihe  pavetnenl  and  B  Ihe  roof  of  the  eoal-KMn. 
IT,  in  pnrsuiag  the  Hnilum  al  c,  a  dike  d  occurs,  sUndiai;  al  right  aogles  with  the 
paremeai,  Ihej  concliule  that  the  dike  is  merel]'  a  portilion-waU  belweea  Ihe  beds  b]r 
its  own  thickness,  leaving  the  coal-seun  nndeniiga]  on  either  tide;  hnl  iT  a  dike  f 
fbnos.  as  at  E,  an  obtuse  angle  with  (he  pavement,  Ihej  eonclude  that  the  dike  is  not  a 
simple  partilion  between  the  strata,  but  has  thrown  up  (he  sereral  seam!  into  the  pre- 
dicamenl  shown  at  □■  Finally,  should  a  dike  h  make  at  i  an  acu(e  an^le  w[(h  the 
pavement,  they  conclude  that  the  dike  has  Ihrowu  down  Ihe  coal-measures  into  the 
posilioa  of  K. 

The  same  itnporlant  law  holds  wilh  slips,  as  I  formerly  s(a(ed ;  only  when  they  form 
right  anifles  with  Ihe  pavement,  the  case  is  imbi^ous  j  (hat  is,  the  strata  may  be  dislo- 
cated either  upwards  or  downwards. 

Dike*  and  faalts  are  denominated  npthrow  or  downthrow,  accotding  to  (be  position 
thej  are  mel  with  in  working  the  mine.  Thus,  in  fig.  S12,  if  the  nuner  in  advancing  to 
Ihe  rise,  (he  dike  *,  h  obviously  does  not  change  (he  direction  ;  but  c,  D  is  a  downthrow 
dike  of  a  certain  number  of  fathoms  towanls  (he  rise  of  the  basin,  and  !,>'  isan  uplhrow 
dike  likewise  towaids  the  rise.  On  the  other  hand,  when  the  dikes  are  met  with  by  the 
Iniaer  in  working  from  the  rise  to  the  dip,  (he  names  of  the  above  dikes  would  be  reversed  i 
for  what  is  an  upthrow  tti  the  first  case,  becomes  a  down(hraw  in  the  second,  relative  to 
the  mining  operations. 

3.  We  have  seen  thai  kildui  are  small  and  partial  slips,  where  (he  dislocation  does  not 
exceed  the  thickness  of  the  eoal-senm  ;  and  they  are  correctly  enough  eaUed  iltps  by  the 
miner,  i'l'g.  616  represents  the  opeiation  of  the  hiiditi  a,  b,  c,  d,  e,  r,  o,  h,  on  (he  coal- 
816  measnres.     Though  observed  in 

one  or  two  seams  of  a  fieU,  they 
may  not  appear  in  the  rest,  a*  i* 
the  case  with  dikes  and  faults. 
4.  rrouMeiineeal-fieklsareof 

1.  Imgular  laj/era  of  tand- 
•tone,  appearing  in  the  middle  cf 
(he  coal-seam,  and  ^ntduallj 
increasini;  in  thichness  tiH  th^ 
■eparate  (he  eoal  into  two  dis- 
tinct seams,  too  thin  to  continue 
workable. 

2.  Myu,   oecastoned    by    the 
gradual  appreiimalion  of  the  rod 

uid  pavement,  till  not  a  vestige  of  coal  is  tell  between  them ;  the  soAer  shale  disappear- 
ing also  al  the  rame  time.  Figt,  SIT  and  6lB  represent  (his  accident,  which  is  fortu- 
■ately  rare  j  the  first  being  a  vertical,  and  (he  second  a  horizontal  view. 

3.  Siaken  coal.  I(  resembles  the  rubbish  of  nn  old  waste,  being  a  confused  heap  of 
coat-dnsi,  mixed  with  small  pieces  of  cubical  eoal,  so  sod  that  it  Fan  frequently  be  dug 
wHh  the  spade.  Thi%sha(lering  is  analogous  to  (hal  observed  oceasionBlly  in  the  flint 
noddles  of  (he  chalk  (orma(ion{  and  seems  like  the  cBec(  of  some  electric  tremor  of  Ihe 
•trata. 

In  searching  for  eoal  in  any  country,  ils  concomilani  rocks  ought  to  be  looked  for, 
especially  Ihe  carboniferous  or  mounlain  limestone,  known  by  its  organic  fossilsi  (see 
tire's  Geology,  p.  175,  and  corresponding  plate  of  fossils;)  likewise  the  outcrop  of  the 
tnillstone  grit,  and  tlie  newer  red  sandsione,  among  some  rids  or  facades  of  which, 
seams  of  cool  may  be  discerned.  But  no  assurance  of  coal  can  be  had  without  boring  ot 
pitting. 

Skill  in  boring  judiciously  for  coal,  distinguishes  the  genuine  miner  from  the  empirical 
adventarei',  who,  ignorant  of  the  general  slrueture  of  coal-basins,  expends  labor,  (imc, 
Bud  money  at  random,  and  usually  to  no  purpose ;  missing  (he  proper  coal-field,  and 
leading  his  employer  (o  sink  a  shall  where  no  productive  seams  can  be  hod.  A  skilful 
viewer,  therefore,  should  always  direct  the  boring  operalions,  especially  in  an  Duexplared 
country. 

The  bwing  rods  should  be  made  of  the  best  and  most  lenacions  Swedish  iron  ;  in 
■na,  about  an  inch  and  a  quarter  square.  Each  rod  is  usually  3  feet  long,  terminating 
in  ■  male  screw  al  one  end,  and  a  female  screw  at  the  other.  The  boring  ohisels  are 
commonly  18  inches  long,  and  from  2  inches  and  a  half  (o  3  inches  and  a  quarter  al 
thair  cutline  edge,  which  most  be  lipped  wilh  good  steel.  The  chisel  is  screwed  to  an 
intermediate  IS^incb  rod,  called  Ihe  double  boi-rod,  forming  together  a  rod  3  feel  long. 
There  are,  moreover,  three  short  rods,  a  fool,  18  inches,  and  2  feel  long  each,  whidi 
naj  be  screwed,  as  occasion  requires,  to  Ihe  braee-head,  lo  make  the  height  above  the 
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BKRitb  of  tbe  bore  convenient  for  the  hands  of  the  men  in  woilung  tlie  nlU.  Hcmi 
the  series  of  rods  becomes  a  scale  of  mnsurement  for  noting  the  depth  of  the  bore,  ud 
keeping  a  )ciurnBl  of  [he  strata  ibst  are  perforated.  Tbe  braee-head  tai,  ilao  18  incbct 
lon^,  has  two  lai^  eyes  or  linsa  at  its  lop,  set  at  right  angles  to  each  other,  thron^k 
which  aims  of  wood  are  fixed  for  the  men  to  lift  and  Inrn  the  rodi  by,  in  the  bomj 

When  the  bore  is  intended  to  penetrate  but  a  few  fathran*,  the  whole  vault  mar  be  per- 
fonned  directly  by  the  hands ;  bnl  when  the  bore  is  to  be  td'  contidrarable  depth,  a  lofty 
triangle  of  wood  is  set  above  the  bore  hole,  with  a  pnlle;  depending  si  iti  sniniiut  aagl^ 
for  conduclini;  the  rope  to  the  barrel  of  a  windlass  or  wheel  and  axle,  secured  to  the  graoiiii 
with  heavy  stones.  The  loose  end  of  the  rope  is  connected  to  Ibe  rods  by  an  oval  iioa 
Tine,  called  a  runner ;  and  by  this  mechanism  they  may  be  raised  and  let  fall  in  tbe 
boring ;  or  the  same  elfect  may  be  more  simply  prodnced  by  substituting  for  Ibe  wheel 
and  aiie,  a  number  of  ropes  attached  to  the  rod  rope,  each  of  wMeh  may  be  polled  by  a 
man,  as  in  raisin;  the  rem  of  the  pile  engine. 

In  the  Newcastle  coal  district  there  ate  professional  master-boren,  «bo  ondettalceu 
Moieh  for  coal,  and  furnish  an  accurate  recisler  of  the  slrela  perforated.  T^e  aTenn 
price  of  baring  in  England  or  Scotland,  where  no  n n common, diScnlties  occur,!*  BI 
•hiilings  for  euch  of  the  first  Ave  fathoms,  twice  6  shillings  for  each  of  the  leeond  Grt 
fathoms,  thrice  6  shillings  for  each  of  (he  third  five  fathoms,  and  so  od;  hence  the  terici 


1st  five  fathoms 
Sd   five  fathoms   • 
3d    five  fathoms 
4lh  five  falhome  . 


£1  10 

3  0 

4  10 
6   0 


Thai  the  price  increases  equably  with  the  depth  and  tabor  of  the  bore,  and  the  imdei- 
taker  uiuelly  upholds  bis  rods.  There  are  peculiar  cases,  however,  ia  which  the  ezpease 
greatly  exceeds  the  above  rate. 

The  borii^  toola  are  represented  in  the  following  figure*  i — 


II'IP 


.    intemiediale 


Fig.  819. 
1.  The  iranJitad. 
3.  The  common  rod. 

3.  The  double-box  rod; 

4.  The  common  chiseL 
B.  The  indented  chisel. 

6.  Another  of  the  same. 

7.  The  erots-mouthed  chisel. 

8.  The  wimble. 

9.  The   sludger,  for  bringing  up  the 

10.  The  ronnder. 

We  shall  now  explam  the  manner  of  conducting  a  serii 
Ac  coal. 

Fig.  B30  represent*  a  district  of  country  in  which  a  regular  snrvey  has  prond 
the  existence  and  general  dislribntion  of  coal  slraia,  with  a  dip  to  the  sooth,  W 
here  shown.      In  this  case,  a  eonvenient  spot  should  be  pitched  upon  in  the  oMth  put 


11.  He  key  for  mpporting  the  bail  of 
rod*  at  the  bore-month. 

12.  The  hey  for  screwing  together  aid 
asunder  the  rods. 

13.  The  lopit,  or  lop-piece, 

14.  The  beche,  for  catching  the  rod  wim 
it  breaks  in  the  bore. 

15.  The  runner,  for  taking  h^  ef  Ibl 
lopit. 

16.  Tbe  tongued  chisel. 

IT.  The  rishl-handed  worm  fcrew. 

18.  The  leil-handed     do. 

19.  The  finger  grip  or  catch. 


B  of  bores  in  searehing  grand 
a  regular 


The  first  bore  may  iherefore  be  made  at  No,  1,  to  the  depth  of  sixty  yards.  In 
prngreu  of  this  perforatioD,  many  diversities  and  alternations  of  strata  will  be 
ably  passed  through,  as  we  see  in  the  sections  of  the  strata;  each  of  which,  as  to 
ity  and  thickness,  is  noted  in  the  journal,  and  specimens  are  preserred.  This  bore 
•n  to  penetrate  the  strata  d,  c,  b,  a,  without  enconnlering  any  coal.  Now,  suppose 
the  dip  of  the  strata  be  one  yard  in  ten,  the  question  is,  at  what  distance  from  bore 
1,  in  a  south  direction,  will  a  second  bore  of  60  yards  strike  the  first  stratum,  d,  of 
preceding?    The  rule  obTiously  is,  to  multiply  the  depth  of  the  bora  by  the  dip,  that 

0  hy  10,  and  the  product,  600,  gives  the  distance  required ;  for,  by  the  rale  of  three, 
yard  of  depression  corresponds  lo  10  in  horizontal  length,  60  yards  of  depression 
correspond  lo  600  in  length.  Hence  the  bores  marked  I,  S,  3,  4,  and  5,  are  succet- 
ly  distributed  as  in  the  figure,  the  spot  where  the  first  is  let  dawn  being  regarded  as 
point  of  level  to  which  the  summits  of  al!  the  succeeding  bores  are  referred.  Should 
top  of  No.  2  bore  be  10  yards  h^her  or  lower  than  the  lop  of  No.  J,  allowance  must 
lade  for  this  difference  in  the  operalioa ;  and  hence  a  surface  level  surrey  is  requisite. 
etimes  ravines  cut  dawn  the  strata,  and  advantage  should  be  taken  of  them,  when 

are  considerable. 

1  Ho.  2,  a  coal  is  seen  lo  occur  neai  the  nirface,  and  another  at  the  bottom  of  the 
!  (  the  latter  seam  resting  on  the  first  stratum  i^  that  occurred  in  bore  No.  1 ;  and 

2  perlbralion  must  be  continued  a  little  farther,  till  it  bos  certainly  descended  to  the 
tom  d.    Thns  these  two  bores  have,  together,  proved  the  beds  lo  the  depth  of  120  yaids. 

0.  3  bore  being  placed  according  to  the  preceding  rale,  will  pass  through  two  coal' 
u  nenr  the  surface,  and  afler  leacbing  lo  nearly  its  depth  of  60  yards,  it  will  touch 
ttratnm  h,  which  is  the  upper  stratom  of  bore  No.  2;  but  since  a  seam  of  coal  was 
cled  in  No.  2,  under  the  stratum  h,  the  proof  is  confirmed  by  running  the  borer  down 
ugh  thai  coal.  The  Geld  has  now  been  probed  to  the  ilepth  of  180  yards.  The 
lb  bore  is  neil  proceeded  with,  till  the  two  coBl-searos  met  in  No.  3  ha»e  been  pene- 
id;  when  a  depth  of  S40  yards  has  been  explored.  Hence  No.  4  bore  eould  not  reach 
lower  Etnilum  a,  unless  it  were  sunk  240.  yards. 

he  finh  bore  (No.  5)  being  sunk  in  like  manner,  a  new  coal-seam  oeeun  within  a 
yards  of  the  surface ;  but  alter  sinking  to  the  depth  al  which  the  coal  al  the  top  of 

(barth  bore  was  found,  an  entirety  different  order  of  Strata  will  oeeor.  In  this 
mma,  the  bore  should  be  pushed  10  or  2(J  yards  deeper  than  the  60  yards,  lo  ascertain 
alternations  of  Ihe  new  range  of  superposition.  It  may  happen  that  no  Coals  of  any 
le  shall  be  found,  as  the  figure  indicates,  in  consequence  of  a  slip  or  dislocation  of  the 
t>  at  B,  which  has  ihrown  up  all  Ihe  coals  registered  in  tbe  former  borings,  to  such  an 
tnt  that  the  strata  b,  a,  of  the  first  bore  present  themselves  immediately  on  perforating 

tlip,  instead  of  lying  at  the  depth  of  300  yards  <5  x  60),  as  they  would  have  done, 

nn  dislocation  intervened.  Some  coal-fields,  indeed,  are  so  intersected  with  slips  as 
■ewilder  the  most  experienced  miner,  which  will  particularly  happen  when  a  lower 

is  thrown  npon  one  side  of  a  slip,  directly  opposite  lo  an  upper  cud  situated  on  the 
!t  tide  of  it ;  M  thai  if  the  two  seams  be  of  the  same  thickness,  erroneom  conclusions 
almost  inevitable, 
nien  a  line  of  bores  is  lo  be  conducted  ftom  tbe  dip  of  the  strata  towards  their  ont- 

1,  they  should  be  placed  a  few  yards  nearer  each  other  than  Ihe  rale  prescribes,  leal 
■trata  last  passed  through  be  overstepped,  so  Ihat  they  may  disappear  from  the  regis- 
and  a  valuable  coal-seam  may  thereby  escape  notice.  In  fact,  each  successive  bon 
lid  be  so  set  down,  that  the  first  of  the  strata  perforated  should  be  Ihe  last  passed 
ogh  in  the  preceding  bore  ;  as  is  exemplified  by  viewing  Ihe  bores  in  Ihe  letrograde 
dion,  Nos.  4,  3,  and  2.  But  if  the  bare  No.  2  had  gone  no  deeper  than  /,  and  the 
I  No.  I  hod  been  as  represented,  then  the  stratum  t,  with  its  immediately  subjacent 
,  WDuld  have  been  overstepped,  since  none  of  the  bores  would  have  touched  il ;  and 
*  woaki  have  remained  unnoticed  in  Ihe  journal,  aad  unknown. 

Hien  the  line  of  dip,  and  consequently  the  tine  of  bearing  which  i«  at  light  angle*  to 
n  nnkaown,  they  are  sought  for  by  making  three  bores  in  the  following  pontion. 
•t  fit-  S21  be  a  hoiizoaUl  diagram,  ia  which  the  place  of  a  bore,  No.  1,  ii 
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shown,  which  reaches  «  coal-seam  at  the  depth  of  50  yards ;  bore  No.  2  may  be 
at  B,  300  yards  from  the  former ;  and  bore  No.  3  at  c,  equidistant  from  Nos.  1  and  ^ 

so  that  the  bores  are  sunk  at  the  three  angles  of  n 
B  equilateral  triangle.  If  the  coal  occur  in  No.  2  at  the 
depth  of  30  yaitis,  and  in  No.  3  of  44  yards,  it  ii 
manifest  that  none  of  the  lines  AB,BC,orcA,isii 
the  line  of  level,  which  for  short  distances  may  be 
taken  for  the  line  of  bearing,  with  coal-seams  of  mo* 
derate  dip.  But  since  No.  1  is  the  deepest  of  the 
three  bores,  and  No.  3  next  in  depth,  the  line  a  c 
joining  them  must  be  nearer  the  line  of  lerel  thaa 
either  of  the  lines  a  b  or  b  c  The  question  v^  time- 
fore,  at  what  distance  on  the  prolonged  line  a  c  is  the 
point  for  sinking  a  bore  which  would  reach  the  eotl 
at  the  same  depth  as  No.  1,  namely,  50  yards.  This  problem  is  solved  by  the  folkmiif 
rule  of  proportion  :  as  14  yards  (the  difference  of  depth  between  bores  2  and  3)  is  to  300 
yards  (the  distance  between  them),  so  is  20  (the  difference  of  depth  betwixt  1  and  2)  to 
a  fourth  proportion,  or  j:  =  428  yards,  1  foot,  and  8  inches.  Now,  this  distance,  measured 
from  No.  2,  reaches  to  the  point  d  on  the  prolonged  line  B  c,  under  which  point  d  the 
coal  will  be  found  at  a  depth  of  50  yards,  the  same  as  under  a.  Hence  the  line  a  n  ii 
the  true  level  line  of  the  coalfield ;  and  a  line  b  r  o,  drawn  at  right  angles  to  it,  b  the 
true  dip-line  of  the  plane  which  leads  to  the  outcrop.  In  the  present  example  the  dip  h 
1  yard  in  ]4j^;  or  1  in  14^,  to  adopt  the  judicious  language  of  the  miner;  or  the  sine  is 
1  to  a  radius  of  14 1,  measured  along  the  line  from  b  to  f.  By  this  theorem  for  finding 
the  lines  of  dip  and  level,  the  most  eligible  spot  in  a  coal-field  for  sinking  a  shaft  may  he 
ascertained. 

Suppose  the  distance  from  b  to  g  in  the  line  of  dip  to  be  455  yards ;  then,  since  evoy 
14|  gives  a  yard  of  depression,  455  will  give  30  yards,  which  added  to  30  yards,  the 
depth  of  the  bore  at  b,  will  make  60  yards  for  the  depth  of  the  same  coal-seam  at  6. 
Since  any  line  drawn  at  right  angles  to  the  line  of  level  a  d  is  the  line  of  dip,  so  siy 
line  drawn  parallel  to  a  d  is  a  level  line.  Hence,  if  from  c  the  line  c  e  be  drawn  panl> 
lei  to  D  A,  the  coal-seam  at  the  points  e  and  c  will  be  found  in  the  same  horizontal  plaae^ 
or  44  yanjs  beneath  the  surface  level,  over  these  two  points.  The  point  k  level  with  c 
may  also  be  found  by  this  proportion :  as  20  yards  (the  difference  in  depth  of  the  bores 
under  b  and  a)  is  to  300  yards  (the  distance  between  them),  so  is  14  yards  (the  difierenoe 
of  depth  under  b  and  c)  to  210  yards,  or  the  distance  from  b  to  e. 

As  boring  for  coal  is  necessarily  carried  on  in  a  line  perpendicular  to  the  horizon,  ind 
as  coal-seams  lie  at  every  angle  of  inclination  to  it,  the  thickness  of  the  seam  as  given 
obliquely  by  the  borer,  is  always  greater  than  the  direct  thickness  of  the  coal ;  and  heaee 
the  length  of  that  line  must  be  multiplied  by  the  cosine  of  the  angle  of  dip,  in  order  to 
find  the  true  power  of  the  scam. 

Of  fitting  or  wirming  a  coal-field. — In  sinking  a  shaA  for  working  coal,  the  grett 
obstacle  to  be  encountered  is  water,  particularly  in  the  first  opening  of  a  field,  which 
proceeds  from  the  surface  of  the  adjacent  country ;  for  every  coal-stratum,  however  deep 
it  may  lie  in  one  part  of  the  basin,  always  rises  till  it  meets  the  alluvia]  cover,  or  crops 
out,  unless  it  be  met  by  a  slip  or  dike.  ^\'hen  the  basset-edge  of  the  strata  is  covered 
with  travel  or  sand,  any  body  or  stream  of  water  will  readily  percolate  downwtrds 
through  it,  and  fill  up  the  porous  interstices  between  the  coal-measures,  till  arrested  by 
the  face  of  a  slip,  which  acts  as  a  valve  or  flood-gate,  and  confines  the  water  to  one  com- 
partment of  the  basin,  which  may,  however,  be  of  considerable  area,  and  require  a  great 
power  of  drainage. 

In  reference  to  water,  coal-fields  are  divided  into  two  kinds:  1.  level  fVeecoal;  2. 
coal  not  level  free.  In  the  practice  of  mining,  if  a  coal-field,  or  portion  of  it,  is  so  situated 
above  the  surface  of  the  ocean  that  a  level  can  be  carried  from  that  plane  tOl  it  intersects 
the  cnnl,  all  the  coal  above  the  plane  of  intersection  is  said  to  be  level  free ;  but  if 
a  conl-field,  though  placed  above  the  surface  of  the  ocean,  cannot,  on  account  of  the 
expense,  be  drained  by  a  level  or  goller}*,  but  by  mechanical  power,  such  a  coal-fidd  is 
said  to  be  not  level  free. 

Besides  these  general  levels  of  drainage,  there  are  subsidiary  levels,  called  off-takes  or 
drifls,  which  discharge  the  water  of  a  mine,  not  at  the  mouth  of  the  pit,  but  at  some  depth 
beneath  the  surface,  where,  from  the  form  of  the  countr}',  it  may  be  run  oflf  level  f^ 
From  20  to  30  fathoms  off-take  is  an  object  of  considerable  economy  in  pumping ;  bat 
even  less  is  oAcn  had  recourse  to;  end  when  judiciously  contrived,  may  serve  to  inter- 
cept much  of  the  crop  water,  and  prevent  it  from  getting  down  to  the  dip  part  of  the 
coal,  where  it  would  become  a  heavy  load  on  a  hydraulic  engine. 

Day  levels  were  an  object  of  primary  importance  with  the  early  miners,  who  had 
not  the  gigantic  pumping  power  of  the  steam-engine  at  their  command.  Levels  ought  to 
be  no  less  than  4  feet  wide,  and  fh>m  6  feet  and  a  half  to  6  feet  high ;  which  is  large 
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enoagh  for  carrying  off  water,  and  admitting  workmen  to  make  repairs  and  clear  out  * 
depositions.  When  a  day-level,  however,  is  to  serve  the  double  purpose  of  drainage 
and  an  outlet  for  coals,  it  should  be  nearly  5  feet  wide,  and  have  its  bottom  gutter 
covered  over.  In  other  instances  a  level  not  only  carries  off  the  water  from  the  col- 
liery, but  is  converted  into  a  canal  for  bearing  boats  loaded  with  coals  for  the  market. 
Some  subterranean  canals  are  nine  feet  wide,  and  twelve  feet  high,  with  5  feet  depth  of 
wmter. 

If  in  the  progress  of  driving  a  lerel,  workable  coals  are  intersected  before  reaching' 
the  seam  which  is  the  main  object  of  Uie  mining  adventure,  an  air-pit  may  be  sunk,  of 
such  dimension  as  to  serve  ibr  raising  the  coals.  These  air-pits  do  nof  in  general 
exceed  7  feet  in  diameter;  and  they  ought  to  be  always  cylindrical.  Fig,  822 
represents  a  coal-field  where  the  winning  ig  made  by  a  day-level ;  a  is  the  mouth 
of  the  gallery  on  a  level  with  the  sea ;  b,  c,  d,  e  are  intersected  coal-seams,  to  be 
drained  by  the  gallery.  But  the  coals  beneath  this  level  must  obviously  be  drained  by 
pumping.    A  represents  a  coal-pit  sunk  on  the  coal  c;  and  if  the  galley  be  pushed 
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forward,  the  coal-seams  /,  g,  and  any  others  which  lie  in  that  direction,  will  also  he 
drained,  and  then  worked  by  the  pit  a.  The  chief  obstacle  to  the  execution  of  day- 
levels,  is  presented  by  quicksands  in  the  alluvial  cover,  near  the  entrance  of  the  gallery. 
The  best  expedient  to  be  adopted  amid  this  difficulty  is  the  following: — Fig,  8^ 
represents  the  strata  of  a  coal-field  a,  with  the  alluvial  earth  a,  6,  containing 
the  bed  of  quicksand  b.  The  lower  part,  from  which  the  gallery  is  required  to  be 
carried,  is  shown  by  the  line  b  d.  But  the  quicksand  makes  it  impossible  to  push 
ibrward  this  day-level  directly.  The  pit  b  c  must  therefore  be  sunH  through  the  quick- 
sand by  means  of  tubbing  (to  be  presently  described),  and  when  the  pit  has  descended  a 
few  yards  into  the  rock,  the  gallery  or  driA  may  then  be  pushed  forward  to  the  point  d, 
when  the  shaf\  e  d  is  put  down,  after  it  has  been  ascertained  by  boring  that  the  rock- 
head  or  bottom  of  the  quicksand  at  r  is  a  few  yards  higher  than  the  mouth  of  the  small 
pit  B.  During  this  operation,  all  the  water  and  mine-stuff  are  drawn  off  by  the  pit  b  ; 
hot  whenever  the  shaA  e  d  is  brought  into  communication  with  the  gallery,  the  water 
is  allowed  to  fill  it  from  c  to  d,  and  rise  up  both  shafts  till  it  overflows  at  the  orifice  b. 
From  the  surface  of  the  water  in  the  deep  shaft  at  g,  a  gallery  is  begun  of  the  common 
dimensions,  and  piished  onwards  till  the  coal  sought  after  is  intersected.  In  this  way  no 
drainage  level  is  lost.  This  kind  of  drainage  gallery,  in  the  form  of  an  inverted  syphon, 
is  called  a  drowned  or  a  blind  level. 

When  a  coal-basin  is  so  situated  that  it  cannot  be  rendered  level  free,  the  winning 
most  be  made  by  the  aid  of  machinery.  The  engines  at  present  employed  in  the  drainage 
of  coal-mines  are : — 

1.  The  water-wheel,  and  water-pressure  engine. 

2.  The  atmospheric  steam-engine  of  Newcomen. 

3.  The  steam-engine,  both  atmospheric  and  double  stroke,  of  Watt. 

4.  The  expansion  steam-engine  of  Woolf. 

6.  The  high-pressure  steam-engine  without  a  condenser. 
The  depth  at  which  the  coal  is  to  be  won,  or  to  be  drained  of  moisture,  regulates  the 
power  of  the  engine  to  be  applied,  taking  into  account  the  probable  quantity  of  water 
which  may  be  found,  a  circumstance  which  governs  the  diameter  of  the  working  barrels 
of  the  pumps.  Experience  has  proved,  that  in  opening  collieries,  even  in  new  fields, 
the  water  may  generally  be  drawn  off  by  pumps  of  from  10  to  15  inches  diameter; 
ezeeptins:  where  the  strata  are  connected  with  rivers,  sand-beds  filled  with  water,  or 
OArsh-lands.  As  feeders  of  water  from  rivers  or  sand-beds  may  be  hindered  from 
descending  coal-pits,  the  growth  proceeding  from  these  sources  need  not  be  taken  into 
account;  and  it  is  observed,  in  sinking  shafts,  that  though  the  influx  which  cannot  be 
cut  off  from  the  mine,  may  be  at  first  very  great,  even  beyond  the  power  of  the  engine 
ibr  a  little  while,  yet  as  this  excessive  flow  of  water  is  frequently  derived  from  the 
drainage  of  fissures,  it  eventually  becomes  manageable.  An  engine  working  the  pumps 
Ibr  8  or  10  hours  out  of  the  24,  is  reckoned  adequate  to  the  winning  of  a  new  col- 
liery, which  reaps  no  advnnta<?e  from  neighboring  hydraulic  powers.  In  the  course 
of  years,  however,  many  water-logged  fissures  come  to  be  cut  by  the  workings,  and  the 
coal-seams  ?et  excavated  towards  the  outcrop,  so  that  a  constant  increase  of  water 
ensQCS,  and  thus  a  colliery  which  has  been  long  in  operation,  frequently  becomes  heavily 
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loaded  with  water,  and  requires  the  action  of  its  hydraulic  nwehincry  Iwlk  aisltai 
day. 

Of  Engine  Pits. — In  every  winning  of  coal,  the  shape  of  the  eiifiiie-iMt 
much  consideration.     For  shai\s  of  moderate  depth,  many  forms  are  in  use;  as 
oval,  Miuare,  octagonal,  oblong  rectangular,  and  oblong  eilipticaL     In  pits  of  i 
able  depth,  and  where  the   earthy  cover  is  firm  and  dry,  any   shape  ideoMd  wM 
convenit  nt  may  be  preferred ;  but  in  all  deep  shaAs,  no  shape  but  the  cirmlar 
-be  admitted.    Indeed,  when  a  water-run  requires  to  be  stopped  by  tubbing  or 
tiie  circular  is  the  only  shape  which  presents  a  uniform  resistance  in  every  poiitlsii 
e<iuable  cirtumambient  pressure.    The  elliptical  form  is  the  next  beat,  when  it 
little  from  the  circle;    but  e\en  it  has  almost  always  given  way   to  i 

pressure  of  water.    The  circular  shape  has  the  advantage,  moreover^  of ^. 

the  shalt  walls,  and  is  less  likely  to  suffer  injury  than  other  figures,  shoold  any 
of  tlie  pillars  lcf\  in  working  out  the  coal  cause  the  shaA  to  be  shaken  by  sa! 
of  the  strata.    The  smallest  engine-pit  should  be  ten  feet  in  diameter,  to  admilsf  Ai 

^^4  pumps  being  placed  in  the  lesser  a^ment,  aad  Ik 

coals  to  be  raised  in  the  larger  one,  as  shows  ■ 
fi^,  S2-I,  which  is  called  a  doable  pit.  If  moch  aiA 
is  contemplated  in  drawing  coals,  |tarticularly  if  ikoi 
masses  be  large,  it  would  be  advantageons  to  nb 
the  pit  more  than  10  feet  wide.  When  the  am  tf  a 
shaft  is  to  be  divided  into  three  compartments,  one  for  the  engine  pnmps,  and  tea  if 
raisini?  coals,  as  in  ^g.  825,  which  is  denominated  a  triple  pit,  it  should  be  12  feetii4 
ameter.  If  it  is  to  be  divided  into  four  compartments,  and  made  a  quadrant  shaft,  ssh 
Jig.  «2ti,  with  one  space  for  the  pumps,  and  three  for  ventilation  and  coal  drawiBt,lki 
total  circle  should  be  15  feet  in  diameter.  These  dimensions  are,  however,  gorenidlr 
local  circumstances,  and  by  the  proposed  daily  discharge  of  coals. 

Tiie  shaf\,  as  it  passes  tlirough  the  earthy  cover,  should  be  securely  iaced  with  mum! 
of  jointed  ashler,  having  its  joints  accurately  bevelled  to  the  centre  of  the  circle.  Sped* 
fie  directions  for  buildin?  the  successive  masses  of  masonry,  on  a  aeries  of  rings  m 
cribs  of  oak  or  elm,  are  given  by  Mr.  Bald,  article  Mink,  BrtWMitr^M  EmqfckftH^ 

p.  336. 

When  the  alluvial  cover  is  a  soft  mud,  recourse  must  be  had  to  the  operatisaif 
tubbing.  A  circular  tub,  of  the  requisite  diameter,  is  made  of  planks  from  2  Is  3 
inches  thick,  with  the  joints  bevelled  by  the  radius  of  the  shafl,  inside  of  which  are  cifti 
of  hanl  wood,  placed  from  2  to  4  feet  asunder,  as  circumstances  may  require.  Thai 
cribs  are  constructed  of  the  best  heart  of  oak,  sawn  out  of  the  natural  curvature  of  the 
wooil,  adapted  to  the  radius,  in  segments  from  4  to  6  feet  long,  from  8  to  10  inches  ii 
the  bed,  and  5  or  6  inches  thick.  The  length  of  the  tub  is  from  9  to  12  feet,  if  lk 
layer  of  mud  have  that  thickness ;  but  a  succession  of  such  tubs  must  be  set  on  csck 
other,  provided  the  body  of  mud  be  thicker.  The  first  tub  must  have  its  lower  rdie 
thinnt'd  all  round,  and  shod  with  sharp  iron.  If  the  pit  be  previously  secured  tot 
certain  depth,  the  tub  is  made  to  pass  within  the  cradling,  and  is  lowered  down  wilk 
tackles  till  it  rests  fair  among  the  soA  olluvium.  It  is  then  loaded  with  iron  weights  tt 
top,  to  cause  it  to  sink  down  progressively  as  the  mud  is  removed  from  its  interior. 
Should  a  single  tub  not  reach  the  solid  rock  (sandstone  or  basalt),  then  another  of  like 

construction  is  set  on,  and  the  gravitating  force  ii 
transferred  to  the  top.  Fig.  827  represents  a  bd 
of  quicksand  resting  on  a  bed  of  impervious  day, 
that  immediately  covers  the  rock.  A  is  the  finished 
shaft ;  a  a,  the  quicksand ;  h  6,  the  ezcavalioa 
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necessarily  sloping  much  outwards;  c  e,  the 
of  masonry ;  d  </,  the  moating  or  puddle  of 
clay,  hard  rammed  in  behind  the  stone-work, 
to  render  the  latter  water-tight.  In  this  case,  the  quicksand,  being  thin  in  body, 
has  been  kept  under  for  a  short  period,  by  the  hands  of  many  men  scooping  it  rapdlj 
away  as  it  tilled  in.  But  the  most  etfectual  method  of  passing  through  beds  of  qnick- 
«nd,  is  by  means  of  cast-iron  cylinders ;  called,  therefore,  cast-iron  tubbing.  When 
the  pit  has  a  small  diameter,  these  tubs  are  made  about  4  feet  high,  with  strong  flangei, 
and  bolt  holes  inside  of  the  cylinder,  and  a  counterfort  ring  at  the  neck  of  the  flange, 
with  brackets ;  the  first  tub,  however,  has  no  flange  at  its  lower  edge,  but  is  rounded 
to  facilitate  its  descent  through  the  mud.  Should  the  pit  be  of  large  diameter,  then  th« 
cylinders  must  be  east  in  segments  of  3,  4,  or  more  pieces,  joined  together  with  inside 
vertical  flanges,  well  jointed  with  oakum  and  white  lead.  When  the  sand-bed  ii 
thick,  eighty  feet,  for  instance,  it  is  customary  to  divide  that  length  into  three  sets  of 
cylinders,  each  thirty  feet  long,  and  so  sized  as  to  slide  within  each  other,  like  the  (xe 
tubn  of  a  telescope.    These  cylinders  are  pressed  down  by  heavy  weights,  taking  care  ta 
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9  1H8P  the  lower  part  always  further  down  than  the  top  of  the  quicksand,  where  the  men 
409  at  work  with  their  shovels,  and  where  the  bottom  of  the  pumps  hangs  for  withdraw- 
■  lug  the  surface  water.    This  is  an  improvement  adopted  of  late  years  in  the  Newcastle 
n.  JifCrict  with  remarkable  success. 

|ii  ^  The  engine  pit  being  secured,  the  process  of  sinking  through  the  rock  is  ready  to  be 
ipl'iflBmenced,  as  soon  as  the  divisions  of  the  pit  formed  of  carpentry,  called  brattices. 
Is  ive  made.  In  common  practice,  and  where  great  tightness  of  jointing  is  not  required,  for 
Ap  ventilating  inflammable  air,  bars  of  wood,  called  buntons,  about  6  inches  thick,  and  9 
l^lbepy  lU'e  fixed  in  a  horizontal  position  across  the  pit,  at  distances  from  each  other  of  10, 
[itjldf  or  30  feet,  according  to  circumstances.  Being  all  ranged  in  the  same  vertical  plane, 
iH.^iiMls  an  inch  and  a  half  thick  are  nailed  to  them,  with  their  joints  perfectly  close ;  one 
i^lj^a^oC  the  breadth  of  a  bunton  being  covered  by  the  ends  of  the  deals.  In  deep  pits, 
hlri^ere  the  ventilation  is  to  be  conducted  through  the  brattice,  the  side  of  the  buntons  next 
it  4h0  pumps  is  covered  with  deals  in  the  same  way,  and  the  joints  are  rendered  secure  by 
;■  teing  calked  with  oakum.  Fillets  of  wood  are  also  fixed  all  the  way  down  on  each  side 
p  'tt  the  brattice,  constituting  what  is  called  a  double  pit. 

u  .  When  a  shaft  is  to  have  3  compartments,  it  requires  more  care  to  form  the  brattice, 
i  M  none  of  the  buntons  stretch  across  the  whole  space,  but  merely  meet  near  the  middle, 
(  and  join  at  certain  angles  with  each  other.  As  the  buntons  must  therefore  sustain  each 
other,  on  the  principle  of  the  arch,  they  are  not  laid  in  a  horizontal  plane,  but  have  a 
1106  from  the  sides  towards  the  place  of  junction  of  8  or  9  inches,  and  are  bound 
*lDgether  by  a  three-tongued  iron  strap.  Fillets  of  wood  are  carried  down  the  whole 
-4epth,  not  merely  at  the  joinings  of  the  brattice  with  the  sides  of  the  pit,  but  also  at 
their  central  place  of  union  ;  while  wooden  pillars  connect  the  centre  of  each  set  of  bun- 
tons with  those  above  and  below.  Thus  the  carpentry  work  acquires  sufficient  strength 
•nd  stiffness. 

In  quadrant  shaAs  the  buntons  cross  each  other  towards  the  middle  of  the  pit,  and 
are  generally  let  into  each  other  about  an  inch,  instead  of  being  half-checked.  Fig.  824 
■i  a  double  shaft :  a,  the  pump  pit ;  b,  the  pit  for  raising  coaL  Fig.  825  is  a  triple 
ohaft ;  in  which  a  is  the  pump  compartment ;  b  and  c  are  coal-pits.  Fig.  826  is  a  quad- 
imnt  shaA :  a,  the  pump  pit ;  b,  pit  of  ventilation  or  upcast  for  the  smoke ;  c  and  d,  pits 
for  raising  coals. 

^  depth  of  75  fathoms  is  fully  the  average  of  engine  pits  in  Great  Britain.  In 
practice,  it  embraces  three  sets  of  pumps.  Whenever  the  shafl  is  sunk  so  low  that  the 
-angine  is  needed  to  remove  the  water,  the  first  set  of  pumps  may  be  let  down  by  the 
nethod  represented  in  Jig.  828  ;  where  a  is  the  pump ;  a,  a,  strong  ears  through  which 
pass  the  iron  rods  connected  with  the  spears  6  6;  c  e  are  the  lashings ; 
<f,  the  hoggar  pump ;  e,  the  hoggar ;  /  /,  the  tackles ;  g  g,  the  single 
pulleys ;  A  A,  the  tackle  fold  leading  to  the  capstans ;  and  t,  the  pump- 
spears.  By  this  mechanical  arrangement  the  pumps  ore  sunk  in  the  most 
gradual  manner,  and  of  their  own  accord,  so  to  speak,  as  the  pit  descends. 
To  the  arms  of  the  capstans,  sledges  are  fastened  with  ropes  or  chains ; 
these  sledges  ore  loaded  with  weights,  as  counterpoises  to  the  weight  of 
the  column  of  pumps,  and  when  additional  pumps  are  joined  in,  more 
weight  is  laid  on  the  sledges.  As  the  sinking  set  of  pumps  is  constantly 
descending,  and  the  point  for  the  delivery  of  the  water  above  always  vary- 
ing, a  pipe  of  equal  diameter  with  the  pumps,  and  about  1 1  feet  long,  but 
much  lighter  in  the  metal,  is  attached  to  e,  and  is  terminated  by  a  hose  of 
leather,  of  sufficient  length  to  reach  the  cistern  where  the  water  is  deliv- 
ered. This  is  called  the  hoggar-pipe.  In  sinking,  a  vast  quantity  of  air 
enters  with  the  water,  at  every  stroke  of  the  engine ;  and  therefore  the  lift- 
ing stroke  should  be  very  slow,  and  a  momentary  stop  should  take  place 
before  the  returning  stroke,  to  suffer  all  the  air  to  escape.  As  the  working 
barrels  are  generally  9  or  10  feet  long,  and  the  full  stroke  of  the  engine 
from  7  to  8  feet,  when  at  regular  work,  it  is  customary  to  diminish  the 
length  of  stroke,  in  sinking,  to  about  6  feet ;  because,  while  the  pumps  are 
constantly  getting  lower,  the  backet  in  the  working  barrel  has  its  working 
nuige  progressively  higher. 

The  nsual  length  for  a  set  of  pumps,  is  flrom  25  to  30  fathoms.    When- 
ever this  depth  is  arrived  at  by  the  first  set,  preparatbns  are  made  for 
fixing  firmly  the  upper  pit-cistern,  into  which  the  upper  set  of  pumps  is  to 
to  iribced,  and  the  water  of  the  second  set  is  to  be  thrown.    If  a  strong  bed  of  sandstone 
^feon,  a  seareement  of  it  is  left  projecting  about  3  feet  into  the  shaft,  which  is  formed  in 
tke  ooiuoe  of  sinking  into  a  strong  chin  or  braeket,  to  sustain  that  part  of  the  cistern  in 
wkidk  the  mperior  set  of  pumps  stands.    A  few  feet  benotth  this  icarcement  the  shaft 
its  osnal  shape. 
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But  although  from  20  to  30  fathoms  he  the  common  length  of  a  pnmp-KA,  it 

times  becomes  necessary  to  make  it  mnch  longer,  when  no  place  can  be  found  in  the 

829        shaft  for  lodein?  a  cistern,  on  account  of  the  tubbins;.     Hence  a  pnmp-liA  has 

Ubeen  occasionally  extended  to  70  fathoms ;  i^hich  requires  extraordinary  strength 
of  materials.  The  best  plan  for  collaring  the  pumps  in  the  pit,  and  keeping 
them  steady  in  a  perpendicular  line,  is  to  fix  a  strong  bunton  of  timber  under 
the  joints  of  each  pipe ;  and  to  attach  the  pipes  firmly  to  these  buntons  by  aa 
iron  collar,  with  screws  and  nuts,  as  represented  in  Jig,  829. 
The  water  obtained  in  sinking  through  the  successive  strata  is,  in  ordinary  caaei, 
conducted  down  the  walls  of  the  shaft ;  and  if  the  strata  are  compact,  a  spiral  groore  9 
cot  down  the  sides  of  the  shoA,  and  when  it  can  hold  no  more,  the  water  is  drawn  off  it 
a  spout  to  the  nearest  pump-cistern  ;  or  a  perpendicular  groove  is  cut  in  the  side  of  the 
shaft,  and  a  square  box-pipe  either  sunk  in  it,  flush  with  the  sides  of  the  pit,  or  it  is 
covered  with  deal  boards  well  fitted  over  the  cavity.  Similar  spiral  rings  are  formed 
in  succession  downwards,  which  collect  the  trickling  streams,  and  conduct  them  into  the 
nearest  cistern ;  or  rings,  made  of  wood  or  cast  iron,  are  inserted  flnsh  with  the  sidrs  of 
the  pipe ;  and  the  water  is  led  from  one  ring  to  another,  through  perpendicular  pipes, 
until  the  undermost  ring  is  full,  when  it  delivers  its  water  into  the  nearest  pump-cistern. 
Keeping  the  shaft  dry  is  very  important  to  the  comfort  of  the  miners,  and  the  durability 
of  the  work. 

When  an  engine  shaft  happens  to  pass  through  a  great  many  beds  of  coal,  a  gallery 
a  few  yards  Ion?  is  driven  into  each  coal-seam,  and  a  bore  then  put  down  from  one  coal 
to  another,  so  that  the  water  of  each  may  pass  down  through  these  bores  to  the  pump- 
cisterns. 

AVhile  a  deep  pit  is  sinking,  a  register  is  kept  of  every  part  of  the  excaTatioDs,  aid 
each  feeder  of  water  is  measured  daily,  to  ascertain  its  rate  of  discharge,  and  whether  it 
increases  or  abates.  The  mode  of  measurement,  is  by  noting  the  time,  with  a  seconds 
watch,  in  which  a  cistern  of  40  or^O  gallons  gets  filled.  There  are  three  modes  of 
keeping  back  or  stopping  up  these  feeders ,  by  plank  tubbing ;  iron  tubbing ;  and  by 
oak  cribs.^  Let  fig.  S3Q  represent  the  sinking  of  a  shaA  through  a  variety  of  strati 

having  a  top  cover  of  sand,  with  mnch  water 
resting  on  the  rock  summit.  Kach  plane  of  the 
coal-measure  rises  in  a  certain  direction  till  it 
meets  the  alluvial  cover.  Hence,  the  pressure  of 
the  water  at  the  bottom  of  the  tubbing  that  mis 
on  the  summit  of  the  rock,  is  as  the  depth  of 
water  in  the  superficial  alluvium  ;  and  if  a  stratom 
a  affords  a  great  body  of  water,  while  the  superjacent  stratum  6,  and  the  subjacent  c,  arc 
impervious  to  water  ;  if  the  porous  bed  a  be  12  feet  thick,  while  no  water  occurs  in  the 
strata  passed  through  from  the  rock  head,  until  that  depth  (supposed  to  be  50  fathoms 
fVom  the  surface  of  the  water  in  the  cover) ;  in  this  case,  the  tubbing  or  cribbing  must 
sustain  the  sum  of  the  two  water  pressures,  or  62  fathoms ;  since  the  stratum  a  meets  the 
alluvial  cover  at  d,  the  fountain  head  of  all  the  water  that  occurs  in  sinking.  Thus  we 
perceive,  that  though  no  water-feeder  of  any  magnitude  should  present  itself  till  the  shaft 
had  been  sunk  100  fathoms;  if  this  water  required  to  be  stopped  up  or  tubbed  off  thfoogh 
the  breadth  of  a  stratum  only  3  feet  thick,  the  tubbing  floodgate  would  need  to  have  a 
strength  to  resist  100  fathoms  of  water-pressure.  For  thoaeh  the  water  at  first  ooies 
merely  in  discontinuous  particles  through  the  open  pores  of  the  sands  and  sandstones, 
yet  it  soon  fills  them  up,  like  a  myriad  of  lubes,  which  transfer  to  the  bottom  the  total 
weight  of  the  hydroistniic  column  of  100  fathoms ;  and  experience  shows,  as  we  have 
already  stated,  that  whatever  water  occurs  in  coal-pits  or  in  mines,  generally  speakme, 
proceeds  from  the  surface  of  the  ground.  Hence,  if  the  cover  be  an  impervious  bed  of 
clay,  very  little  water  will  be  met  with  among  the  strata,  in  comparison  of  what  woald  be 
found  under  sand.  * 

When  several  fathoms  of  the  strata  must  be  tubbed,  in  order  to  stop  up  the  water- 
flow,  the  shaft  must  be  widened  regularly  to  admit  the  kind  of  tubbing  that  is  to  be 
inserted;  the  greatest  width  being  needed  for  plank-tubbinir,  and  the  least  for  iron- 
tubbing.     Fig.  831  represents  a  shaft  excavated  for  plank-tubbing,  where  a,  a,  a  are  the 
831  impervious  strata,  6,  b  the  porous  beds  water  logged,  and  c,  c  the  bottom 

of  the  excavation,  made  level  and  perfectly  smooth  with  mason- chisels. 
The  same  precautions  are  taken  in  working  off  the  upper  part  of  the 
^     excavation  d,  d.     In  this  operation,  three  kinds  of  cribs  are  employed; 
called  wedging,  spiking,  and  main  cribs.     Besides  the  stout  plank  for 
J?J*     making  the  tub,  a  quantity  of  well-seasoned  and  clean  reeded  deal  is 
required  for  forming  the  joints ;  called  sheeting  deal  by  the  workmen. 
This  sheeting  deal  is  always  applied  in  pieces  laid  endwise,  with  the  end  of  the  fibres 
towards  the  area  of  the  pit.    Since  much  of  the  security  from  water  depends  on  the 
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tightness  of  the  tub  at  its  jointing  with  the  rock,  several  plans  have  been  contrived  to 
effect  this  object ;  the  most  approved  being  represented  in  Jig,  832.  To  make  room 
832  for  the  lower  wedging  crib,  the  recess  is  excavated  a  few  inches  wider,  as  at  c; 
1^  and  from  b  to  c,  sheeting  deals  are  laid  all  around  the  circle,  or  a  thin  stratum 
of  oakum  is  introduced.  On  this  the  wedging  crib  d  is  applied,  and  neatly  joint- 
U  ed  in  the  radius-line  of  the  pit,  each  segment  being  drawn  exactly  to  the  circle ; 
g^  and  at  each  of  its  segments  sheeting  deal  is  inserted.  This  wedging  crib  must 
be  10  inches  in  the  bed,  and  6  inches  deep.  The  vacuity  c,  at  the  back  of  the 
li  crib,  about  2  and  a  half  inches  wide,  is  filled  with  pieces  of  dry  clean  reeded 
deal,  inserted  endwise ;  which  is  regularly  wedged  with  one  set  of  wedges  all 
*^  round,  and  then  with  a  second  and  a  third  set  of  wedges,  in  the  same  regular 
style,  to  keep  the  crib  in  a  truly  circular  posture.  By  this  process,  well  executed, 
no  water  can  pass  downwards  by  the  back  of  the  crib.  The  next  operation  is  to 
I  fix  spiking  cribs/,  to  the  rock,  about  10  or  12  feet  from  the  lower  crib,  according 
^^  to  the  length  of  the  planks  to  be  used  fpr  the  tubs.  They  must  be  set  fair  to  the 
'  sweep  of  the  shaA,  as  on  them  its  true  circular  figure  depends.  The  tubbing 
deals  k,  must  now  be  fixed.  They  are  3  inches  thick,  6  broad,  and  planed  on  all  sides, 
with  the  joints  accurately  worked  to  the  proper  bevel  for  the  cu-cle  of  the  pit.  The  main 
cribs  g,  g,  are  then  to  be  placed  as  counterforts,  for  the  support  and  strength  of  the  tub- 
bing. The  upper  ends  of  the  first  set  of  tub-planks  being  cut  square  and  level  all  round, 
the  second  spiking  crib  /,  is  fixed,  and  another  set  of  tubbing  deals  put  round  like  the 
former,  having  sheeting  deal  inserted  betwixt  the  ends  of  the  two  sets  at/.  When  this 
is  wedged,  the  cribs  A,  A,  are  placed. 

Oak  cribbing  is  made  with  pieces  of  the  best  oak,  from  3  to  4  feet  long,  10  inches  in 
the  bed,  and  7  or  8  inches  deep. 

The  third  mode  of  tubbing,  by  means  of  iron  cylinders  cast  in  segments,  is  likely 
benceforth  to  supersede  the  wooden  tubbing,  from  the  great  reduction  in  the  price  of 
iron,  and  its  superior  strength  and  durability.  Each  segment  is  adjusted  piece  to  piece 
in  the  circular  recess  of  the  pit  cut  out  for  their  reception.  The  flange  for  the  wedging 
joint  is  best  turned  inwards.  In  late  improvements  of  this  plan,  executed  by  Mr. 
Buddie,  where  the  pressure  amounted  to  several  hundred  feet,  the  segments  were  6 
feet  long,  2  feet  broad,  and  an  inch  thick,  counterforted  with  ribs  or  raised  work  on 
the  back;  the  lip  of  the  flange  was  strong,  and  supported  by  brackets.  These  segments 
of  the  iron  cylinder  are  set  true  to  the  radius  of  the  pit ;  and  every  horizontal  and  per- 
pendicular  joint  is  made  tight  with  a  layer  of  sheeting  deal.  A  wedging  crib  is  fixed 
at  the  bottom,  and  the  segments  are  built  up  regularly  with  joints  like  ashlerwork. 
Thift  kind  of  tubbing  can  be  carried  to  any  height,  till  the  water  finds  an  outlet  at  the 
aarface,  or  till  strata  containing  water  can  be  tubbed  off,  as  by  the  modes  of  tubbing 
ahready  described.  A  shaA  finished  in  this  manner  presents  a  smooth  lining-wall  of  iron, 
Uie  flanges  being  turned  towards  the  outside  of  the  cylinders.  In  this  iron  tubbing,  no 
acrew  bolts  are  needed  for  joining  the  segments  together ;  as  they  are  packed  hard  with- 
in the  pit,  like  the  staves  of  a  cask.  There  is  a  shaA  in  the  Newcastle  dis- 
trict, where  70  fathoms  have  been  executed  in  this  way,  under  the  direction  of  Mr. 
Bnddle. 

When  a  porous  thin  bed  or  parting  betwixt  two  impervious  strata  gives  out  much 

water,  or  when  the  fissures  of  the  strata,  called  cutters,  are  very  leaky,  the  water  can  be 

83^        completely  stopped  up  by  the  improved  process  of  wedging.    The  fissure  is 

«cut  open  with  chisels,  to  a  width  of  two,  and  a  depth  of  seven  inches,  as  repre> 
sented  in  fig.  833.  The  lips  being  rounded  off  about  an  inch  and  a  half, 
pieces  of  clean  deal  are  then  driven  in,  whose  face  projects  no  further  than  the 
contour  of  the  lips ;  when  the  whole  is  firmly  wedged,  till  the  water  is  entirely 
Stopped.  By  sloping  back  the  edges  of  the  fissures,  and  wedging  back  from  the  face  of 
the  stone,  it  is  not  liable  to  burst  or  crack  off  in  the  operation,  as  took  place  in  the  old 
way,  of  driving  in  the  wedge  directly. 

Veniilaiion  of  Engine  pits. — In  ordinary  cases,  while  the  sinking  of  the  shaA  is  going 
4My  the  brattice  walls  produce  a  circulation,  in  consequence  of  the  air  being  slightly 
.  2  ^g^ter  in  one  compartment  than  in  another.    If  this  does  not  occur,  the 
634     f  circulation  of  air  must  be  produced  by  artificial  means.    The  most  ap- 
proved contrivance  is,  to  cover  the  engine  compartment  of  the  shaA  with 
deals,  leaving  apertures  for  the  pump-spears  and  tackling  to  pass  through, 
with  hatch-doors  for  the  men,  and  to  carry  a  brick  flue  at  leat  3  feet 
square,  in  a  horizontal  direction,  from  the  mouth  of  that  compartment 
to  an  adjoining  high  chimney  connected  with  a  furnace,  as  represented 
,„  in^g.  834.   a,  a,  are  double  doors,  for  the  fireman  to  supply  fuel  by ;  6,  the 
fas  |y  mouth  of  the  horizontal  flue;   e,  the  furnace;   (/,  the  ash-pit;    «,  the  fur- 
j_-f|>fflnace;  /,  the  upright  chimney  for  draught,  from  60  to   100  feet  high, 
IW  iTiL  Ijrom  8  to  10  feet  square  at  bottom,  and  tapering  upwards  to  3  or  4  feet 
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•qoire  lEiaide.  ^eh  >  Hirnue  nnd  ehimner  arr  also  needed  Tor  TentilBtiog  the  ttiL 
nunc  Ihrongh  alt  its  onder^roand  workings.  When  a  great  quantily  of  ifm»  iane*  &tm 
one  place  in  a  pil,  it  is  proper  to  carry  it  up  in  a  iqaare  irooden  pipe,  which  (emunatisl 
at  iome  disiance  above  the  sarfsee  in  a  helmet-shaped  funnel,  fitted  lo  tnrD  like  ■  Taae, 
mav  eaase  considerable  Tenlilstioa  of  ilselT;  or  the  top  of  aach  a  pipe  ma^  be  ctnncdtd 
with  a  small  Ereplsce,  which  will  cause  a  rapid  current  up  (faniagh  it,  from  tbr  pL 
The  stones  and  rubbish  prcxluced  in  linkini  are  drswn  up  with  hofK^na,  wkeo  ibe  fk 
is  not  deepi  but  in  all  shafls  of  eonsidemble  depth,  ■  steam  entriae  is  used,  aad  tht 
woillnien  have  now  more  confidence  in  Ihem,  as  to  personal  safety,  tban  in  madiBM 
impelled  by  horses. 

The  great  eollieries  of  Newcastle  are  frequenlly  worbed  by  means  of  one  shaft  diriM 
into  compartnienls,  which  serves  as  an  engine-pit,  and  coal-pits,  and  by  these  the  whole 
Tralilation  is  carried  on  to  an  eilenl  and  thronrh  ramifications  altogether  aatoniskiil. 
This  Bj-stem  hns  been  adopted  on  aceonni  of  the  vast  expense  of  a  lar|^  slianioaa 
amonnting  to  60,0(NU.  or  90,0001.,  includug  l)ie  machinery.    The  British  cDllieTiei,  hov- 

il  worked  by  means  of  an  engine-pit,  and  a  series  of  olhei  pits,  annkal 

t  the  wants  of  Ihc  colliery. 


V  "^  and  E  r  G  the  part 
.^^V  and  «/,  are  the  sul 
X'\  gh,ik,lm,  the  ba. 

V  "Nf  \  the  cullers.    It  is  th 


A  stratum,  bed,  or  seam  of  coal,  is  not  a  solid  mass,  of  anifonn  leitore,  doc  ahrtyi 
of  homogeneous  quality  in  bnrnin^.  It  is  often  divided  and  intersected,  with  ila  coa- 
eomitanl  strata,  by  what  are  named  partinis,  backs,  callers,  reeds,  or  ends.  Besides 
the  chief  parlin ITS  at  the  roof  and  pavemenl  of  the  coal  seam,  there  are  suhunlinBle  lina 
of  parting  in  the  coal  mass,  parallel  lo  these,  of  variable  dimensions.  These  diviaoH 
•re  dellFienied  in  Jig.  835,  where  A,  n,  c,  D,  E  r  G  u,  represent  a  portion  of  ■  bed  of  cool, 
the  paralletDgram  A  b  D  c  the  parting  mt  the  rocJ^ 
and  E  r  G  the  parting  al  the  pavement i  a  b,kc,ii, 
''  e  subordinate  or  intermediate  paniagi; 
e  backs ;  op,p  q,r  t,  i  l,u  v,  and  ■  m, 
lanifesl  Ihal  a  bed  ol  coal,  ac> 
^  cording  to  the  number  of  these  natural  dirisiont,  b  sab- 
4  divided  into  solid  lii^res  ofvarions  dimensions.  Bad  <t* 
g  cabieal  or  rbomboidat  shape. 
When  Ihc  enEinc-pil  is  sunk,  and  the  lodgment  formed,  a  mine  is  then  mn  a  Ik 
coal  lo  the  rise  of  the  field,  or  a  cropping  from  l^e  engine-pit  to  ihe  second  pil.  Tb 
mine  may  be  6  or  8  feet  wide,  and  carried  either  in  a  line  directly  la  the  pit  bolMii,  v 
at  right  angles  to  the  backs  or  web  of  the  coal,  nntil  it  is  on  n  line  with  the  pit,  ahere 
-  ",  npon  one  side,  to  the  pit  bottom.  This  mine  or  gallery  is  carrird  as 
«  the  backs  ns  powiblc,  till  the  pit  is  gained.  Fig.  836  represenli  Hus 
mining  operation,  a  is  the  engine-pit.  b,  the  sen»d  « 
by-pil.  A  c,  the  gallerr  driven  al  riEht  angles  to  the  hacfci. 
^  c  B,  the  gallery  set  off  to  the  left  hand,  parallel  to  the  tecks. 
The  next  step  is  li>  drive  the  drip-hesd  or  main-levels  6im 
ihe  engine-pit  bollom,  or  from  Ihe  d(p.hand  of  the  badwl 
immediately  contijfuous  to  ihe  engine-pit  bottom.  In  Ihii 
business,  Ihe  best  colliers  are  sjways  employed,  as  Ike  oijeel 
is  to  drive  the  gallery  in  a  truly  level  direction,  indcpcndetiily  of  all  sinkings  or  fiRl|i 
of  the  pnvemeul.  For  coal  seams  of  ordinary  thickness,  this  gallery  is  nsnallT  not  un 
than  6  feet  wide ;  observing  to  have  on  Ihe  dip  side  of  the  gallery  a  small  quantity  of 
water,  like  that  of  a  guller,  so  ihat  it  will  always  be  nbonl  4  or  6  inches  deep  at  Ihe 
ferehead  upon  the  dip-wall.  When  Ihe  level  is  driven  correctly,  with  the  proper  depth 
of  water,  it  is  said  lo  have  dead  water  at  the  forehead.  In  this  operation,  lheiefon,lhe 
Miner  pays  no  regard  to  the  baeks  w  entters  of  the  coal ;  hut  is  guUni  in  Us  tise  of 
direction  entirely  by  the  waler-level,  which  he  must  attend  to  solely,  wilhonl  rt^id  to 
iBpa  or  dislocations  of  Ihe  strata  ihnrwing  the  coal  op  or  down.  In  (he  laat  igon,  the 
eoal-fieU  is  a  portion  of  a  hasin  ;  so  thai  if  the  shape  he  anirorm  and  anbrokoi,  and  if 
■ay  point  be  assumed  a  dipping  from  the  crop,  as  d,  the  level  Hnes  from  that  point  win 
be  parallel  to  the  line  of  crop,  as  d  e,  i>  r,  and  the  levels  from  any  pojol  whatever  a-dip- 
tjng,  will  be  also  parallel  to  these  ;  and  hence,  were  the  coal-field  an  entire  elliplical 
Msin,  the  dip-head  levels  carried  from  any  point  woold  be  elliptini,  and  parallel  to  Iks 
re  commonly  the  cose,  the  co«I.£^  be  merdy  a  portioD'of  a  >»"», 
formed  by  a  slip  of  Ihe  strata,  as  represented  !■  JIf.  SSI, 
—^---  1^  is  the  crop,  and  a  s,  a  slip  of  grrat  macnitod^ 

g  another  coal-field  on  the  side  c,  then  the  eroy  sol 
y  meets  Ihe  alluvial  Cover,  bat  is  cnt  off  ^  the  alip  al  a 
_.    aionld  any  point,  Ihersfore,  be  assigned  for  an  engine-ph,  the  lerels  'trtm 
kotll  proceed  ia  aline  parand  l«  th«crap,atii^D  c.uid  ihalerdwtadtriiMtf 


M7  »   formed  by 

^•■^If  ^^'■w  where  a,  a 
9^/^J"  '"\i\(>  forming  ai 
-r~^ i ^^  only  meets 
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Elie  engine-pit  will  be  also  cut  off  by  the  slip  a  b.    In  this  figure,  the  part  indoded  be- 
tween the  two  curve  lines,  is  the  breeidth  or  breast  of  coal-field  won  by  the  engine-pit  d  ; 
what  is  not  included,  is  termed  the  under-dip  coal,  and  can  be  worked  only  by  one  or  more 
aev  winnings  towards  the  dip,  according  to  circumstances. 
In  British  practice,  there  are  four  ditferent  systems  of  working  coal-mines  : — 

1.  Working  with  pillars  and  rooms,  styled  post  and  stall,  where  the  pillars  left  bear 
SBch  proportion  to  the  coal  excavated,  as  is  just  adequate  to  the  support  of  the  incum- 
bent strata. 

2.  Working  with  post  and  stall,  where  the  pillars  are  led  of  an  extra  size,  and  strong- 
er than  may  be  requisite  for  bearing  the  superior  strata,  with  the  intention  of  removing 
a  considerable  portion  of  each  massive  pillar,  whenever  the  regular  working  of  post  and 
stall  has  been  finished  in  the  coUiery. 

3.  Working  with  post  and  stall,  or  with  comparatively  narrow  rooms  or  boards,  whereby 
an  uncommonly  large  proportion  of  coal  is  left,  with  the  view  of  working  back  towards 
the  pits,  whenever  the  colliery  is  worked  in  this  manner  to  the  extent  of  the  coal-field, 
and  then  taking  away  every  piUar  completely,  if  possible,  and  allowing  the  whole  super- 
incumbent strata  to  crush  down,  and  follow  the  miners  in  their  retreat. 

4.  Working  the  long  way,  being  the  Shropshire  method ;  which  leaves  no  pillars,  but 
lakes  out  all  the  coal  progressively  as  the  workings  advance.  On  this  plan,  the  incum- 
bent strata  crush  down,  creeping  very  close  to  the  heads  of  the  miners. 

The  post  and  stall  system  is  practised  with  coals  of  every  thickness.  The  Shropshire 
Di#»thod  is  adopted  generally  with  thin  coals ;  for  when  the  thickness  exceeds  6  or  7  feet, 
this  mode  has  been  found  impracticable. 

The  following  considerations  must  be  had  in  view  in  establishing  a  coal-mine : — 

1.  The  lowest  coal  of  the  winning  should  be  worked  in  such  a  manner  as  not  to  ii^ure 
tke  working  or  the  value  of  the  upper  coals  of  the  field ;  but  if  this  cannot  be  done,  the 
upper  coals  should  be  worked  in  the  first  place. 

2.  The  coals  must  be  examined  as  to  texture,  hardness,  softness,  the  number  and  open- 
of  the  backs  and  cutters. 

3.  The  nature  of  the  pavement  of  the  coal  seam,  particularly  as  to  hardness  and  soft- 
;  and  if  soft,  to  what  depth  it  may  be  so. 

4.  The  nature  of  the  roof  of  the  coal-seam,  whether  compact,  firm,  and  strong ;  or  weak 
lad  liable  to  fall ;  as  also  the  nature  of  the  superincumbent  strata. 

5.  The  nature  of  the  alluvial  cover  of  the  ground,  as  to  water,  quicksands,  &c. 

6.  The  situation  of  rivers,  lakes,  or  marshes,  particularly  if  any  be  near  the  outcrop  of 
llw  coal  strata. 

7.  The  situation  of  towns,  villages,  and  mansion-houses,  upon  a  coal-field,  as  to  the  chance 
]f  their  being  injured  by  any  particular  mode  of  mining  the  coal. 

Mr.  Bald  gives  the  following  general  rules  for  determining  the  best  mode  of  working 
Boal: — 

^  1.  If  the  coal,  pavement,  and  roof  are  of  ordinary  hardness,  the  pillars  and  rooms 
laay  be  proportioned  to  each  other,  corresponding  to  the  depth  of  the  superincumbent  strata, 
pimding  all  the  coal  proposed  to  be  wrought  is  taken  away  by  the  firet  working,  as  in  the 
Bnt  system ;  but  if  the  pillars  are  to  be  winged  afterwards,  they  must  be  left  of  an  extra 
itrength,  as  in  the  second  system. 

**  2.  If  the  pavement  is  soft,  and  the  coal  and  roof  strong,  pillars  of  an  extra  size  must 
be  left,  to  prevent  the  pillars  sinking  into  the  pavement,  and  producing  a  creep. 

^3.  If  the  coal  is  very  soft,  or  has  numerous  open  backs  and  cutters,  the  pillars  must 
be  left  of  an  extra  size,  otherwise  the  pressure  of  the  superincumbent  strata  will  make  the 
pillmn  fly  or  break  off  at  the  backs  and  cutters,  the  result  of  which  would  be  a  total  de- 
stractionof  the  pillars,  termed  a  crush  or  sit,  in  which  the  roof  sinks  to  the  pavement,  and 
eloees  up  the  work. 

**  4.  If  the  roof  is  very  bad,  and  of  a  soft  texture,  pillars  of  an  extra  size  are  required, 
aad  the  rooms  or  boards  comparatively  very  narrow. 

« In  short,  keeping  in  view  all  the  circumstances,  it  may  be  stated  generally,  that  when 
Ike  coal,  pavement,  and  roof  are  good,  any  of  the  systems  before  mentioned  may  be  pur- 
saed  in  the  working ;  but  if  they  are  soft,  the  plan  is  to  work  with  rooms  of  a  moderate 
width,  and  with  pillars  of  great  extra  strength,  by  which  the  greater  part  of  the  coal  may 
be  got  out  at  the  last  of  the  work,  when  the  miners  retreat  to  the  pit  bottom,  and  there 
fiiiteh  the  workings  of  a  pit." 

Fig,  838  represents  the  effects  of  pillars  sinking  into  the  pave- 
ment, and  producing  a  creep ;  and  fig,  839  exhibits  large  pillars 
and  a  room,  with  the  roof  stratum  bending  down  before  it  falls  at  a. 
Thus  the  roads  will  be  shut  up,  the  air-courses  destroyed,  and  the 
whole  economy  of  the  mining  operations  deranged. 
The  proportion  of  coal  worked  out,  to  that  left  in  the  pillars, 
wlMft  all  the  coal  intended  to  be  removed  is  taken  out  at  the  first  working,  varies  (torn 
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four  fiAhs  to  two  thirds ;  but  as  the  loss  of  even  one  third  of  the  'whole  arem  of  eoal  is  &r 
too  much,  the  better  mode  of   working  suggested  in  the  third  system  ought  to  k 
adopted. 
The  proportion  of  a  winning  to  be  worked  may  be  thus  calculated.     liCtfig,  840  be  a 
^'^>  X  V  small  portion  of  the  pillars,  rooms,  and  thirlings  formed  in  a  coal-field; 

^^i^vjias^im.  ^^  ^^  j^j.^  ^^Q  rooms ;  b,  the  pillars  j  e,  the  thirlings  (or  area  worked  oot). 
Suppose  the  rooms  to  be  12  feet  wide,  the  thirlings  to  be  the  same,  tad 
the  pillars  12  feet  on  each  side ;  adding  the  face  of  the  pillar  to  the  widtk 
of  the  room,  the  sum  is  24 ;  and  also  the  end  of  the  pillar  to  the  widtk 
of  the  thirling,  the  sum  is  likewise  24 :  then  24x24=576 ;  and  the 
area  of  the  pUlar  is  12x12=144;  and  as  576  divided  by  144  gives! 
for  a  quotient,  the  result  is,  that  one  fourth  of  the  coal  is  left  in  pillars^  and  three 
fourths  extracted.  Let  d,  e,/,  g,  be  one  winning,  and  g,  e,  k,  h,  another.  By  inspect- 
ing the  figure,  we  perceive  the  workings  of  a  coal-field  are  resolved  iato  qaadrangulsf 
areas,  having  a  pillar  situated  in  one  of  the  angles. 

In  forming  the  pillars  and  carrying  forwards  the  boards  with  regalarity,  espedallj 
where  the  backs  and  cutters  are  very  distinct  and  numerous,  it  is  of  importance  to  woik 
the  rooms  at  right  angles  to  the  backs,  and  the  thirlings  in  the  direction  of  the  cutters, 
however  oblique  these  may  be  to  the  backs,  as  the  rooms  are  by  this  means  conducted 
with  the  greatest  regularity  with  regard  to  each  other,  kept  equidistant,  and  the  pillus 
841  are  strongest  under  a  given  area.    At  the  same  time,  however,  it  sekiom 

happens  that  a  back  or  cutter  occurs  exactly  at  the  place  where  a  pilltr 
is  formed ;  but  this  is  of  no  consequence,  as  the  shearing  or  cutting 
made  by  the  miner  ought  to  be  in  a  line  parallel  to  the  backs  and  cat* 
ters.  It  frequently  happens  that  the  dip-head  level  intersects  the  cut- 
ters in  its  progress  at  a  very  oblique  angle.  In  this  case,  when  room 
and  pillars  are  set  off,  the  face  of  the  pillar  and  width  of  the  room 
must  be  measured  off  an  extra  breadth  in  proportion  to  tlie  obUqnity, 
as  in  Jig.  841.  By  neglect  of  this  rule,  much  confusion  and  irregular 
work  are  often  produced.  It  is,  moreover,  proper  to  make  the  first  set  of  pillars  next  the 
dip-head  level  much  stronger,  even  where  there  is  no  obliquity,  in  order  to  protect  that 
level  from  being  Injured  by  any  accidental  crush  of  the  strata. 

We  shall  now  explain  the  different  systems  of  working :  one  of  the  simplest  of  whick 
is  shown  in  fig,  842 ;   where  A  represents  the  engine-pit,  b  the  by-pit,  c  d  the  dip-head 
849  K  levels,  always  carried  in  advance  of  the  rooms, 

and  K  the  rise  or  crop  gallery,  also  carried  in  ad- 
vance. These  galleries  not  only  open  ont  the 
work  for  the  miners  in  the  coal-bed,  but,  beiag 
in  advance,  afford  sufficient  time  for  any  requisite 
operation,  should  the  mines  be  obstructed  by 
dikes  or  hitches.  In  the  example  before  ns,  the. 
rooms  or  boards  are  worked  from  the  dip  to  the 
crop;  the  leading  rooms,  or  those  roost  in  ad- 
vance, are  on  each  side  of  the  crop  gallery  s ;  all 
the  other  rooms  follow  in  succession,  as  shown 
in  the  figure ;  consequently,  as  the  rooms  ad- 
c  £)        vance  to  the  crop,  additional  rooms  are  begvn 

at  the  dip-head  level,  towards  c  and  d.  Should  the  coal  work  better  in  a  level-coarse 
direction,  then  the  level  rooms  are  next  the  dip-head  level,  and  the  other  rooms  ibUow 
in  succession.  Hence  the  rooms  are  carried  a  cropping  in  the  one  case,  till  the  coal  is 
cropped  out,  or  is  no  longer  workable ;  and  in  the  other,  they  are  extended  as  far  as  the 
extremity  of  the  dip-head  level,  which  is  finally  cut  off,  either  by  a  dike  or  slip,  or  by  the 
boundary  of  the  coal-field. 

When  the  winnings  are  so  very  deep  as  from  100  to  200  fathoms,  the  first  woildQgs 
are  carried  forward  with  rooms,  pillars,  and  thirlings,  but  under  a  different  arrangement, 
on  account  of  the  great  depth  of  the  superincumbent  strata,  the  enormous  expense 
incident  to  sinking  a  pit,  and  the  order  and  severity  of  discipline  indispensable  to  the  due 
ventilation  of  the  mines,  the  preservation  of  llie  workmen,  and  the  prosperity  of  the 
whole  establishment.  To  the  celebrated  Mr.  Buddie  the  British  nation  is  under  the 
greatest  obligations  for  devising  a  new  system  of  working  coal-mines,  whereby  nearly 
one  third  of  the  coals  has  been  rescued  from  waste  and  permanent  destruction.  This 
system  is  named  panel  work ;  because,  instead  of  carrying  on  the  coal-field  winning  in 
one  extended  area  of  rooms  and  pillars,  it  is  divided  into  quadrangular  panels,  each  panel 
containing  an  area  of  from  8  to  12  acr^ ;  and  round  each  panel  is  left  at  first  a  solid 
wall  of  coal  from  40  to  50  yards  thick.  Through  the  panel  walls  roads  and  air-courses 
are  driven,  in  order  to  work  the  coal  contained  within  these  walls.  Thus  all  the  panels 
are  ooanected  together  with  the  shaft,  as  to  roads  and  ventilation.    Each  district  gr 
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iwnel  hM  ■  parliculKr  Dame;  io  lh%l  Buy  cireumslance  rehlive  to  the  deUIli  of  the  eal- 
liery,  casualties  as  to  rails  and  cruihes,  venlilalion,  and  the  tafetf  oTUie  woilimea,  can  be 
referred  to  a  speciBc  place 

Fig    813  repreaents  a  part  or  a  eoikery  laid  oat  in  four  panels,  aecordiag  to  the 
iaproied  method     To  render  it  aa  disiiact  at  possible,  the  tiae  of  the  boonU  it  at  right 


utiles  with  the  dip-head  level  or  level  course  of  the  coal  A  v<  the  enE  ne  slian,  diiiJed 
into  three  CDmpsrtmcnts  an  engine  pit  and  two  coal  p  L>  like  fi?  8_o  One  of  the 
coal  pilt  IS  the  dova-cast  h)  vhich  the  atmo'[  henc  air  is  drau  n  down  lu  ventilate  the 
works  ;  the  other  eoal-pil  is  the  up-cast  shaft,  at  whose  bottom  the  furnace  for  tarcTyinc 
the  air  is  placed,  B  c,  is  the  dip-head  level  j  A  i,  the  rise  orcrop  gallery;  k,r, the  panel 
walls;  r,  S,  are  two  panels  completed  as  lo  the  first  work  ;  c,  is  a  panel,  with  the 
nrams  a,  a,  a,  in  regular  proeress  to  the  rise ;  u,  is  a  panel  fully  worked  out,  whence 
Bcwly  aJl  the  coal  has  been  extracled;  the  loss  amounlin;  in  general  lo  do  more  than  a 
tenth,  instead  of  a  third,  or  even  a  half,  hy  the  old  method.  By  this  plan  of  Mr.  Buddie's, 
also,  the  pillars  of  a  panel  may  be  worked  out  at  any  time  most  suitable  for  the 
•eoDOmy  of  the  mining  operation ;  whereas  formeily,  though  the  siie  of  the  pillars  and 
IRDervl  arraa^etcent  of  the  mine  were  mnde  with  the  view  of  taking  out  ullimalely  a 
great  proportion  of  the  pillars,  yet  it  freiuently  happened  that,  before  the  workings  were 
poshed  to  the  proposed  extent,  some  part  of  (he  mine  gare  way,  and  produced  a 
crush;  but  the  most  common  misrortune  was  the  pillars  sinking  iDto  the  pavement,  and 
deraogin;  the  whole  economy  of  the  Held.  tnde«i,  the  crush  or  creep  oAea  overran  the 
^rholeof  the  pillars,  and  was  resistci!  only  by  the  entire  bod;  of  coal  at  the  walllaees;  M 
(hat  the  venliJBlion  was  entirely  destroyed,  the  roads  leading  from  the  wall  faces  to  the 
pil-botlom  shut  up  and  rendered  useless,  and  the  recovery  of  the  colliery  by  means  of 
new  air-courses,  new  roads,  and  by  opening  up  the  wall  faces  or  rooms,  was  attended 
with  prodigious  expense  and  danger.  Even  when  the  pillars  stood  well,  the  old  method 
was  allendcil  with  other  very  great  inconveniences.  If  water  broke  out  in  any  particular 
■pot  of  the  colliery,  it  was  quite  impossible  to  arrest  its  progress  la  the  engine-jriti  and 
if  the  vcDlilalioTi  was  thereby  obstructed,  no  idea  could  be  Formed  where  the  cause  mighl 
be  found,  there  being  instances  of  no  less  IhaD  30  miles  of  oir-eonrsas  in  one  colliery. 
ADd  if  from  obstructed  venlilalioa  an  explosion  of  the  fire-damp  occurred  while  many 
irortuoen  were  occupied  along  the  extended  vnll  faces,  it  was  not  possible  (o  determine 
where  the  disaster  had  token  place ;  nor  could  the  viewecs  and  managers  know  where  to 
bring  relief  to  the  forlorn  and  mutilated  survivers. 

In  Mr.  Buddie's  system  all  these  evils  are  guarded  against,  as  Ikr  as  human  science 
aail  foresight  can  gr>.  He  makes  the  pillars  very  la^e,  and  the  rooms  or  hoartis  narrow  ; 
the  pillars  being  in  general  12  yards  broad,  and  24  yaids  long  ;  the  boards  4  yards 
wide,  and  the  walls  or  thirlings  cut  through  the  pillars  (rom  one  board  to  another,  only 
0  feet  wiiie,  for  the  purpose  of  ventilation.  In  the  fiiure,  the  rooms  are  represented  n> 
proceeding  from  the  dip  to  the  crop,  and  the  panel  walls  act  as  barriers  thrown  round 
the  area  of  the  panel,  to  prevent  the  weight  of  the  superincumbent  strata  from  over- 
mining  the  adjoining  panels.  Again,  when  litpUlan  of  a  panel  are  lo  be  worked,  on* 
tmnge  of  pillar*,  u  at  i  (in  B),  is  fint  attacked)  andat  the  workmencataw*.']  tbcCo^lMA. 
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lyOhurs,  columns  of  prop-wood  are  erected  betwixt  the  pavement  and  the  roof,  witiiia  t 
few  feet  of  each  other  (as  shown  by  the  dots),  till  an  area  of  above  100  sqnare  yards  ii 
cleared  of  pillars,  presenting  a  body  of  strata  perhaps  130  fathoms  thick,  saspcndei 
clear  and  without  support,  except  at  the  line  of  the  surrounding  pillars.  This  operatioa 
is  termed  working  the  goaff.  The  only  use  of  the  prop-wood  is  to  prevent  the  seam, 
which  forms  the  ceiling  over  the  workmen's  heads,  from  falling  down  and  killing  them 
by  its  splintery  fragments.  £lxperience  has  proved,  that  before  proceeding  to  take  away 
another  set  of  pillars,  it  is  necessary  to  allow  the  last-made  goaff  to  (alL  The  workmen 
then  begin  to  draw  out  the  props,  which  is  a  most  hazardous  employmeat.  They  begin 
at  the  more  remote  props,  and  knock  them  down  one  after  another,  retreating  quickly 
under  the  protection  of  the  remaining  props.  Meanwhile  the  roof-stratum  begins  to 
break  by  the  sides  of  the  pillars,  and  falls  down  in  immense  pieces ;  while  the  workmei 
still  persevere,  boldly  drawing  and  retreating  till  every  prop  is  removed.  Nay,  shonM 
any  props  be  so  firmly  fixed  by  the  top  pressure,  that  they  will  not  give  way  to  the  Uovi 
of  heavy  mauls,  they  are  cut  through  with  axes;  the  workmen  making  a  point  of  honor 
to  leave  not  a  single  prop  in  the  goafif.  The  miners  next  proceed  to  cut  away  the  pillan 
nearest  to  the  sides  of  the  goafi*,  setting  prop-wood,  then  drawing  it,  and  retiring  as  bo- 
fore,  until  every  panel  is  remove<l,  excepting  small  portions  of  pillars  which  require  to  be 
left  under  dangerous  stones  to  protect  the  retreat  of  the  workmen.  While  this  operation 
is  going  forwa^rd,  and  the  goatf  extending,  the  superincumbent  strata  being  exposed  with- 
out support  over  a  large  area,  break  progressively  higher  up;  and  when  strong  beds  of 
sandstone  are  thus  giving  way,  the  noise  of  the  rending  rocks  is  very  peculiar  and  terrific ; 
at  one  time  loud  and  sharp,  at  another  hollow  and  deep. 

As  the  pillars  of  the  panels  are  taken  away,  the  panel  walls  are  also  worked  progres- 
sively backwards  to  the  pit  bottom ;  so  that  only  a  very  small  proportion  of  coal  is  even- 
tually lost.  This  method  is  undoubtedly  the  best  for  working  such  coals  as  those  of  New- 
castle, considering  their  great  depth  beneath  the  surface,  their  comparative  solhiess,  and 
the  profusion  of  inflammable  air.  It  is  evident  that  the  larger  the  pillars  and  panel  walls 
are,  in  the  first  working,  the  greater  will  be  the  security  of  the  miners,  and  the  trreaterthe 
certainty  of  taking  out,  in  the  second  stage,  the  largest  proportion  of  coal.  This  system 
may  be  applied  to  many  of  the  British  collieries  ;  and  it  will  produce  a  vast  quantity  of 
coals  beyond  the  post  and  stall  methods,  so  generally  persisted  in. 

In  thus  tearing  to  pieces  the  massive  rocks  over  his  head,  the  miner  displays  a  deter- 
mined and  cool  intrepidity ;  but  his  ingenuity  is  no  less  to  be  admired  in  contriving  modes 
of  carrying  currents  of  pure  atmospheric  air  throu!*h  every  turning  of  his  gloomy  labyrinth, 
so  as  to  sweep  away  the  explosive  spirit  of  the  mine. 

The  fourth  system  of  working  coal,  is  called  the  longtcay,  the  long-wall,  and  the  Shrop- 
shire method.  The  plan  must  at  first  have  been  extremely  hazardous ;  though  now  it  is  so 
improved  as  to  be  reckoned  as  safe,  if  not  safer,  to  the  workmen,  than  the  other  methods, 
with  rooms  and  pillars. 

The  object  of  the  Shropshire  system,  is  to  be^in  at  the  pit-bottom  pillars,  and  to  cut 
away  at  once  every  inch  of  coal  progressively  forward,  and  to  allow  the  whole  superin- 
cumbent strata  to  crush  down  behind  and  over  the  heads  of  the  workmen.  This  .plan 
is  pursued  chiefly  with  coals  that  are  thin,  and  is  ver}'  seldom  adopted  when  the  seam  is 
7  feet  thick;  from  4  to  5  feet  being  reckoned  the  most  favorable  thickness  for  pro- 
ceeding with  comfort,  amidst  ordinary  circumstances,  as  to  roof,  pavement,  &c.  When 
a  pit  is  opened  on  a  coal  to  be  treated  by  this  method,  the  position  of  the  coals  abova 
the  lowest  seam  sunk  to,  must  first  be  considered ;  if  the  coal  beds  be  contiguous,  it 
will  be  proper  to  work  the  upper  one  first,  and  the  rest  in  succession  downwards ;   bat 

if  they  are  8  fathoms  or  more  apart,  with  strata  of  stron?  texture  betwixt  them,  the 
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work  ins?  of  the  lower  coals  in  the  first  place  will  do 
no  injury  to  that  of  the  upper  coals,  except  breaking 
them,  perhaps,  a  little.  In  many  instances,  indeed, 
by  this  operation  on  a  luwer  coal,  upper  coals  are 
rendered  more  easily  worked. 

When  the  operation  is  commenced  by  working  on 
the  Shropshire  plan,  the  dip-head  levels  are  driven  in 
the  usual  manner,  and  very  large  bottom  pillars  are 
formed,  as  represented  in  fig.  8*14.  Along  the  rise 
side  of  the  dip-head  level,  chains  of  wall,  or  loftg  pil- 
lars, are  also  made,  from  8  to  10  yards  in  breadth,  and 
only  mined  through  occasionally,  for  the  sake  of  ven- 
tilation, or  of  forming  new  roads.  In  other  cases  no 
a  pillars  are  left  upon  the  rise  side  of  the  level ;  bat, 
instead  of  them,  buildings  of  stone  are  reared,  4  feet  broad  at  the  base,  and  9  or  10  feet 
firom  the  dip  side  of  the  level.  Though  the  roads  are  made  9  feet  wide  at  first,  they 
are  reduced  to  half  that  width  after  the  full  pressure  of  the  strata  is  upon  them.    When- 
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CTCT  thew  points  we  i«enred,  the  operation  of  cattiii|[  amy  the  whole  body  of  tbe  coal 

befios.  Tbe  place  vhere  the  caul  is  removed,  is  named  the  gM  vule ;  (nd  gotb 
bizt,  or  ;obb-stuff,  is  stones  or  rubbish  taken  away  from  the  coal,  paTcment,  or  rool^  to 
fill  up  thai  excavation  as  much  as  possible,  in  order  (□  prevent  the  crush  of  superin. 
cnmbeBl  strata  from  causing  heary  falls,  or  foUowinic  llie  workmen  too  fast  in  their 
deseenl.  Coals  mined  in  this  manner  work  most  easily  acconiing  to  the  vay  in  vhich 
the  widest  backs  and  cnlters  are;  and  therefore,  ia  Ihe  SbroiHhire  mode,  the  walla 
■tartd  sometimes  in  one  direction,  and  sometimes  in  another  j  Ihe  mine  always  tnmioi; 
ont  Ihe  best  coals  when  Ihe  open  backs  and  cullers  face  the  workmen.  As  roads  most 
be  maintained  through  Ibe  crushed  strata,  Ihe  miners  in  the  first  place  cut  away  about 
16  feel  of  coal  round  the  pil-bottom  pillars,  and  along  Ihe  upper  sides  of  Ihe  dip-head 
chain  walls;  and  then,  at  the  distance  of  9  or  10  feel,  carry  regular  buildings  of  stone 
3  feet  broad,  with  props  set  Hush  with  the  faces  of  these,  if  necessary.  As  the  minen 
advance,  they  erect  small  pillars  of  roof  or  pavement  stone  in  regular  lines  with  the  wall 
Ace,  and  sometimes  with  props  intermediate. 

There  are  two  principal  modifications  of  Ihe  Shropshire  plan.  The  first,  or  the  ordinal 
■yslem,  was  lo  open  out  the  wall  round  the  pit-boltom;  and,  as  the  wall  face  eitended, 
to  sel  otf  main  mads  and  branches,  very  like  the  branches  of  a  tree.  These  roads  were 
80  dislribnied,  Ihat  between  Ihe  ends  of  any  two  branches  there  should  be  a  distanre  of  30 
«r  40  yards,  as  might  be  most  convenient.  (See^g.  B44.)  Each  space  of  coal  betwiitihe 
roaila  is  eslled  a  wall;  and  one  half  of  the  cools  produced  from  each  wall  ia  carried  to  the 
one  road,  and  Ihe  other  half  to  the  other  road.  This  is  a  ^eat  convenience  when  tbe 
loofis  bad  ;  and  hence  n  distance  of  only  20  yards  betwiit  Ihe  roads  is  in  many  instance* 
preferred.  In /|:.  844  A  represents  the  shaA j  a  a,  Iha  wall-face  ;  a,  the  dip-head  level; 
i,  the  roods,  from  20  to  40  yards  asunder ;  c,  the  gM  or  waste,  wilh  buildings  along  the 
vdes  of  the  roads  j  and  if,  the  pillars. 

The  other  Shropshire  system  is  represented  in  ^i^.  845,  where  a  shows  the  pit,  with 
Ibe  bottom  pillars ,  b,  Ihe  dip-head  levels ;  c,  the  off-break  fhnn  the  level,  where  no 
pillars  are  left;  rf,  the  off-break,  where  pillars  re- 
noin  to  secure  the  level.     All  roads  are  protected 
n  the  sides  by  stone  buildings,  if  they  can  be  had, 
laid  off  9  feet  wide.     After  the  crush  settles,  Ihe 
roads  genetall]'  remain  permanently  good,  and  can, 
in  many  cases,  be  travelled  Ihroogh  as  easily  50  jeara 
_     after  they  have  been  made,  as  at  Ihe  first.     Should 
_._    ._  ^.        '  must  be  snbslituled,  which  are  built  about  20  inches 

hi  the  hose  In  this  method,  the  roads  are  likewise  from  20  to  40  yards  aparl  {  but 
instead  of  ramiiying,  they  are  arranged  parallel  to  eacb  other.  The  miners  secure  the 
waste  by  gobbing ;  and  three  rows  of  props  are  carried  forwards  next  the  wall  faces  a, 
with  pillars  of  stone  oi  of  coal  reared  betwiit  them.  This  mode  has  a  more  regular 
appearance  than  Ihe  other;  though  it  is  not  so  generally  practised. 

In  Ihe  post  and  stall  system,  each  man  has  his  own  room,  and  performs  all  the  labor 
of  it;  but  in  that  of  Shropshire,  there  is  a  division  of  labor  among  the  workmen,  who 
are  generally  divided  into  three  companies.  The  first  set  curves  or  pools  the  coal  along 
the  whole  line  of  walls,  laying  in  or  pooling  at  least  3  feet,  and  frequently  45  inches, 
or  5  qnaners,  as  it  is  called.  These  men  ore  named  lioUri,  As  the  crush  ia  constantly 
following  them,  and  impending  over  their  heads,  causing  freqnent  falls  of  coat,  Ihe; 
plant  props  of  wood  for  their  protection  at  regular  distances  lu  an  oblique  direction 
between  tbe  pavement  and  wall  face.  Indeed,  as  a  further  precaution,  staples  of  coal, 
•boat  10  inches  square,  ore  left  at  every  6  or  8  yards,  till  the  line  of  holing  or  curving 
ia  completed.  Tbe  walls  are  then  marked  off  into  spaces  of  from  6  to  8  yaids  in  length  | 
asd  at  each  space  a  shearing  or  vertical  cut  is  made,  as  deep  as  the  holing  ;  and  when 
this  is  done,  tbe  holer's  work  is  finished.  The  set  who  succeed  the  holers,  are  called 
getters.  These  commence  their  operations  «l  the  centre  of  the  wall  divisions,  and  drive 
•at  Ihe  gibbi  and  staples.  They  ntil  set  wedges  along  the  roof,  and  bring  down  pro. 
gressively  each  division  of  coal ;  or,  if  the  roof  he  hard-bound,  the  coal  is  blown  down 
wilh  gunpowder.  When  the  roof  bos  a  good  parting,  the  coals  frequently  fall  down  Ihe 
OKunent  the  gibbs  are  struck  ;  which  makes  the  work  very  easy.  The  getters  are  re- 
lieved in  their  turn  by  the  third  set,  named  butty-men,  who  break  down  Ihe  coals  into 
pieces  of  a  proper  size  for  sending  up  the  shaR,  and  lake  charge  of  turning  oul  the  coal 
from  the  wall  face  to  Ihe  ends  of  the  roads.  This  being  done,  they  build  up  Ihe  stone 
pillan,  fill  up  Ihe  gobb,  set  the  trees,  clear  the  wall  faces  of  all  obstructions,  ael  the 
^bbs,  and  make  every  thing  dear  and  open  for  Ihe  holers  to  resume  their  work.  IT 
Ibe  roads  are  lo  be  heightened  by  taking  down  the  roof,  or  removing  Ihe  pavement, 
tbese  batty-men  do  this  work  also,  building  forwards  Ihe  sides  of  the  roads,  and  secu- 
ring Ihem  wilh  Ihe  requisite  props.  When  a  coal  has  a  following  or  roof  stone,  which 
regolarly  separates  with  the  coal,  this  facilitates  the  labor,  and  aaves  much  of  the  coal ) 
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and  should  a  soA  bed  of  fireclay  occur  a  foot  or  two  beneath  the  coal-seam,  the  holing 
is  made  in  it,  instead  of  into  the  coal,  and  the  stone  betwixt  the  holing  and  the  coal 
benched  down,  which  serves  for  pillars  and  gobbing.  In  this  way  all  the  vendible  coal 
becomes  available. 

Another  form  of  the  Shropshire  system  is,  for  each  miner  to  have  from  6  to  12  feet  of 
coal  before  him,  with  a  leading-hand  man  ;  and  for  the  several  workmen  to  follow  ia 
succession,  like  the  steps  of  a  stair.  When  the  coal  has  open  backs  and  cutters,  this 
work  goes  on  veiy  regularly,  as  represented  in  fig,  846,  where  the  leading  miner  is  at  s 

next  to  the  outcrop,  and  b  b,  &.c.  are  the  wall  faces  of  eack 
workman  ;  a  being  the  shad,  and  b  the  dip-head  level 
In  this  case  the  roads  are  carried  either  progressively 
through  the  gobb,  or  the  gobb  is  entirely  shut  up ;  and 
the  whole  of  the  coals  are  brought  down  the  wall-faces, 
either  to  the  dip-head  level  or  the  road  c,  c.  This  method 
may  be  varied  by  making  the  walls  broad  enough  to 
hold  two,  three,  or  four  men  when  each  set  of  miners 
performs  the  whole  work  of  holing,  getting^  breaking  down, 
and  carr}-ing  oft'  the  coals. 
B  It  is  estimated  that  from  one  eighth  to  one  twelfth  part 
only  of  the  coals  remains  under  ground  by  the  Shropshire  plan;  nay,  in  favorable  circum- 
stances, almost  every  inch  of  coal  may  be  taken  out,  as  its  principle  is  to  leave  no  solid 
pillars  nor  any  coal  below,  except  what  may  be  indispensable  for  securing  the  gobb.  In- 
deed, this  system  might  be  applied  to  coal-seams  of  almost  any  ordinary  thickness,  provi- 
ding stufi*  to  fill  up  the  gobb  could  be  conveniently  procured. 

In  Great  Britain,  seams  of  coal  are  mined  when  they  are  only  18  inches  thick ;  hot  if 
thinner,  the  working  of  fire-clay  or  ironstone  immediately  adjoining  must  be  included.  A 
few  instances  may  be  adduced,  indeed,  where  caking  coals  of  a  fine  quality  for  blacksmiths 
have  been  worked,  though  only  in  12-inch  seams. 

Eighteen-inch  seams  are  best  worked  by  young  lads  and  boys.  The  coal  itself  may 
be  mined  without  liAing  the  pavement,  or  taking  down  the  roof  in  the  rooms ;  bat 
roads  must  be  cut  either  in  the  pavement  or  the  roof,  for  removing  the  coals  to  the  pit- 
bottom.  All  coals  less  than  2  feet  3  inches  thick,  are  worked  with  the  view  of  taking 
out  all  the  coal,  either  on  the  Shropshire  system,  or  with  pillar-walls  and  rooms;  with 
this  peculiarity,  that,  on  account  of  the  thinness  of  the  seam,  the  rooms  are  woiked  as 
wide  as  the  roof  will  bear  up ;  or  if  a  following  of  the  roof-stone,  or  fall  of  it,  can  be 
brought  on,  it  proves  advantageous,  by  not  only  giving  head-room,  but  by  filling  op  the 
waste,  and  rendering  the  roads  easily  kept  for  the  working  of  the  pillars.  Where  no  fol- 
lowing takes  place,  small  temporary  pillars,  about  8  feet  square,  are  left  along  the  chain- 
wall  side.  The  walls  may  vary  in  thickness  from  4  to  16  yards,  according  to  circomstan- 
ces,  and  they  are  holed  through  only  for  ventilation. 

Coals  from  5  to  8  feet  thick  are  the  best  suited  in  every  point  of  view  for  the  effec- 
tive work  of  the  miner,  and  for  the  general  economy  of  underground  operations.  When 
they  exceed  that  thickness,  they  require  very  excellent  roofs  and  pavements,  to  render 
the  working  either  safe  or  comfortable ;  or  to  enable  those  who  superintend  the  field 
to  get  out  a  fair  proportion  of  coal  from  a  given  area.  In  such  powerful  beds  the 
Shropshire  method  is  impracticable,  from  want  of  gobbin ;  and  long  props,  unless  of 
prodigious  girth,  would  present  an  inadequate  resistance  to  the  pressure  of  Uie  massive 
ceiling. 

When  coals  do  not  exceed  20  feet  in  thickness,  and  have  good  roofs,  they  are  some- 
times worked  as  one  bed  of  coal ;  but  if  the  coal  be  tender  or  free,  it  is  worked  as  two 
beds.  One  half  of  such  thick  coal,  however,  is  in  general  lost  in  pillars ;  and  it  is  very 
seldom  that  less  than  one  third  can  be  left.  When  the  coal  is  free  and  r«idy  to  cramUe 
by  the  incumbent  pressure,  as  well  as  by  the  action  of  the  air,  the  upper  portion  of  the 
coal  is  first  worked,  then  a  scaffolding  of  coal  is  left,  2  or  3  feet  thick,  according  to  the 
compactness  of  the  coal ;  and  the  lower  part  of  the  coal  is  now  worked,  as  shown  ia 
^^^  fiS'  S^7.    As  soon  as  the  workings  are  completed  to  the  proposed 

extent,  the  coal  scaflbldings  are  worked  away,  and  as  much  of  the 
^^  pillars  as  can  be  removed  with  safety.  As  propwood  isof  no  use  ia 
coal-seams  of  such  a  height,  and  as  falls  from  the  roof  would  prove 
frequently  fatal  to  the  miners,  it  is  customary  with  tender  roofs  to  leave  a  ceiling  of 
coal  from  2  to  3  feet  thick.  This  makes  an  excellent  roof;  and  should  it  break,  gives 
warning  beforehand,  by  a  peculiar  crackling  noise,  very  difierent  from  that  of  roof«tones 
crushing  down. 

One  of  the  thickest  coals  in  Great  Britain,  worked  as  one  bed  from  roof  to  pavement, 
b  the  very  remarkable  seam  near  the  town  of  Dudley,  known  by  the  name  of  the  ten- 
yard  coal,  about  7  miles  long,  and  4  broad.  No  similar  coal  has  been  found  in  the 
island ;  and  the  mode  of  working  it  is  quite  peealiar,  being  a  species  of  panel  woilc 
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totallT  diOemit  from  Uie  modem  Nevculle  tyilem.  A  coDipBrlm^nt,  or  panel,  farmed 
in  workin^lhe  coal,  is  called  a  side  of  work  and  as  the  whole  opemtion  ii  eihibiled  in 
one  of  these  compartments,  il  will  be  proper  to  describe  (he  mode  oftahing  the  coal  Ot^ 
ODc  of  ihem,  before  deseribin;  the  whole  extent  of  the  working  of  ■  miae. 

Let^^.  848  represent  a  sirle  of  work  ;  a,  the  ribs  or  wallr  of  coal  lefl  itaadiag  ronod, 
e«n;tituling(heaideof  workj  a,  the  pillars,  S  yanls  square]  c,  Ihe  staUs,  11  yards  wide) 
848  if,  Ihe  cross-openings,  or  through  puis,  also  II  yards 

wide;  t,  the  bolt-hole,  cut  through  \br  rib  from  Ihe 
main  ruail,  by  which  bull-hole  (be  side  of  work  is 
opened  up,  and  all  the  cnsis  remoied.  Two,  (hiee, 
or  even  four  boll-holes  open  into  a  side  of  work,  nc- 
cording  to  i[s  extent;  they  are  about  S  fre(  wide,  and 
9  ree(  hi^h.  The  working  ia  in  ■  great  measure  regn- 
lated  by  the  na(aral  fissures  and  joints  of  the  coal- 
seam ;  and  thongb  it  is  30  (eet  (hick,  the  lower  band, 
of  2  feet  3  inches,  ia  worked  firsi ;  the  miners  choosing 
to  confine  themselves  within  this  narrow  opening,  in 
order  to  gain  the  greater  adranlnge  allerwanla,  in 
worliing  Ihe  superJBcen(  coal.  Whenever  the  bolt 
bole  is  cut  through,  (he  work  is  opened  up  by  driving 
a  gallery  forward,  4  feet  wide,  as  shown  by  the  do((ed 
lines.  At  the  sides  of  this  gallery  next  the  bult-hole, 
each  miner  breaks  off  in  succession  a  breast  of  coal, 
two  yaids  broad,  as  at  /,/,  by  means  of  which  (be  sides  of  the  rib-walls  A  are  formed, 
and  the  area  of  the  pillars.  In  (his  way  each  collier  follows  another,  as  in  one  of  the 
•jstems  of  the  Shropshire  plan.  When  the  side  of  work  is  laid  open  along  (he  rib-walls, 
and  (be  facet  and  sides  of  (he  pillars  have  been  formed,  the  upper  coals  are  then  begun 
to  be  worked,  next  the  rib-WHil.  This  is  done  by  shearing  up  to  a  bed  next  the  bolt-hole, 
and  on  each  side,  whereby  the  head  coals  are  brought  regularly  down  in  large  cnbical 
Basses,  of  such  thickness  aa  suits  with  the  free  partings  or  subordinate  divisions  of  the 
coals  and  hands.  Props  of  wood,  or  even  stone  pillars,  are  placed  at  conirenient  dis- 
tances for  (he  security  of  (he  miners. 

In  workinz  (he  ten-yard  coal,  a  very  larfre  proportion  of  it  is  IcH  under  ground,  not 
merely  in  pillars  and  rib-walls,  but  in  the  stale  of  small  coal  produced  in  breaking  oat 
the  coal.     Hence,  from  four  tenths  to  a  half  of  the  total  amount  is  lost  for  ever. 

Another  melbod  of  working  coal  of  Dncommon  thickness  is  by  scadbtdings  or  stage* 
of  coals,  as  practised  in  (be  great  coal  bed  it  Johnstone,  near  Paisley,  of  which  a  section 
has  already  been  given.    In  one  part  of  (be  field  (be  coal  is  from  50  to  60  feet  thick, 
and  in  another  i(  amoon(s  to  90  feet.     The  seams  of  elone  interspersed  through  the 
849  coal  are  generally  inconsiderable,  and  amount  in  only  (wo  eases  to  27  inchea 

in  thickness.  The  roof  of  the  coal  ia  so  unsound,  and  the  heiiffat  so  pro- 
digious, that  it  could  not  possibly  be  worked  in  one  seam,  like  (bat  of 
SnSiirdshire.  About  3  feet  of  the  upper  coal  is  [herefore  left  as 
I  which  a  band  of  coal,  from  6  (o  7  feet  (hick,  is  worked  on  tl 
and  stall  plan,  wi(h  square  pillars  of  extra  s(rengtb,  which  ere  (bereanw 
Itenetrated.  A  plalform  aboat  3  feet  high  is  left  at  the  sole  i  under  which 
the  rooms  and  pillars  are  set  off  and  worked  in  another  portion  of  the  coal, 
from  5  (o  T  feet  thick,  great  care  being  had  to  place  pillar  under  pillar,  and 
,■  —  rj:  partilion  under  partition,  to  prevent  a  crush.  Where  (he  coal  is  thickest, 
~  —.  r—:  no  less  than  10  bands  of  it  are  worked  in  this  way,  as  is  shown  in^g.  849. 
■  zd.  :~L  When  any  band  of  the  coal  is  foul  from  sulphur  or  other  causes,  it  is  led 
fl— '  "jir'.i  for  the  next  platform,  so  that  a  large  proportion  of  it  ia  lost,  as  in  (he 
V'  l-j-.'rk  Staflonlshire  mines.  Much  attention  masl  here  be  paid  to  tbe  vertical  dis- 
tinnXion  of  (he  pillars  and  aparlmen(s;  the  miner's  compass  mast  be  continnatly  eon- 
■olted,  and  bore-holes  mnst  be  pat  down  through  Ihe  coal  scaffoldings,  to  rqnlate  cor- 
reedy  the  posidon  of  (he  pillars  under  one  another. 

Edgt  tools,  which  are  nearly  perpendicular,  are  worked  In  a  peculiar  manner;  for  the 

ecditer  stands  upon  the  coal,  having  (he  roof  on  the  one  hand,  and  tbe  floor  on  the  other, 

SSO  like  two  vertical  walla.    The  engine-pK  is  sunk  in  the  most  pow. 

_<ii  *  1 1  All'  ^  ^""     tr{iA  Btratum.    In  aome  inatances  (he  same  stratum  is  so  vertical 

— r-     .     ^  jij  ^g  sunk  through  for  the  whole  depth  of  the  sha/L 

Whenever  the  shall  has  descended  to  the  required  depth,  f  nlle- 
ries  are  driven  across  tbe  strata  from  its  bottom,  till  the  eoali  are 
intersected,  as  is  shown  in  fit.  850,  where  we  see  Ihe  edge-coals 

^^_^     at  a,  a;  A,  (be  engine-pit  j  i,l,  the  Irnnsverse  galleries  from  tbe 

kotlom  of  Ihe  shall ;  and  c,  c,  upper  transverse  galleries,  for  the  greater  eonveiiieiicy  of 
voriiiag  (he  coal.    Tbe  principal  edge  coal  woilia  in  Great  Brilain  lie  in  the  d^Ik 
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borhood  of  Edinburgh,  and  the  coals  are  carried  on  the  hacks  of  women  fitnn  the  waU- 
faee  to  the  bottom  of  the  engine-pit. 

The  modes  of  carrying  coals  from  the  point  where  they  are  excaTated  to  the  pit  bottom 
are  nearly  as  diversified  as  the  systems  of  working. 

One  method  employs  hutches,  or  baskets,  having  slips  or  cradle  feet  shod  with  iron, 
containing  from  2  to  3  hundred  weight  of  coals.  These  baskets  are  dragged  along,  the 
floor  by  ropes  or  leather  harness  attached  to  the  shoulders  of  the  workmen,  who  are  either 
the  colliers  or  persons  hired  on  purpose.  This  method  is  used  in  several  small  collieries; 
bat  it  is  extremely  injudicious,  exercising  the  muscular  action  of  a  man  in  the  most  as- 
profitable  manner.  Instead  of  men,  horses  are  sometimes  yoked  to  these  basket-hordkii 
which  are  then  made  to  contain  from  4  to  6  hundred  weight  of  coals ;  but  from  the  mig- 
nitude  of  the  friction,  this  plan  cannot  be  commended. 

An  improvement  on  this  system,  where  men  draw  the  coals,  is  to  place  the  basket  or 
corve  on  a  small  four-wheeled  carriage,  called  a  tram,  or  to  attach  wheels  to  the  corre 
itself.  Thus  much  more  work  is  performed,  provided  the  floor  be  hard ;  but  not  on  a  soft 
pavement,  unless  some  kind  of  wooden  railway  be  laid. 

The  transport  of  coals  from  the  wall-face  to  the  bottom  of  the  shaft  wns  greatly 
fticilitated  by  the  introduction  of  cast-iron  railways,  in  place  of  wooden  roads,  first 
brought  into  practice  by  Mr.  John  Curr  of  Sheflield.  The  rails  are  called  tram-railiy 
or  plate-rails,  consisting  of  a  plate  from  3  to  4  inches  broad,  with  an  edge  at  right  angia 
to  it  about  two  inches  and  a  half  high.  Each  rail  is  from  3  to  4  feet  long,  and  is  fixed 
either  to  cross  bearers  of  iron,  called  sleepers,  or  more  usually  to  wooden  bearers.  In 
some  collieries,  the  miners,  after  working  out  the  coals,  drag  them  along  these  railways 
to  the  pit  bottom  ;  but  in  others,  two  persons  called  trammers  are  employed  to  transport 
the  coals ;  the  one  of  whom,  in  front  of  the  corve,  draws  with  harness ;  and  the  other, 
called  the  patter,  pushes  behind.  The  instant  each  corve  arrives,  from  the  wall^face,  at 
a  central  spot  in  the  system  of  the  railways,  it  is  lifted  from  the  tram  by  a  crane  placed 
there,  and  placed  on  a  carriage  called  a  roUey,  which  generally  holds  two  corves. 
Whenever  three  or  four  rolleys  are  loaded,  they  are  hooked  together,  and  the  roUey  driver, 
851  with  his  horse,  takes  them  to  the  bottom  of  the  engine-shaft.    The  rdlley 

O  horses  have  a  peculiar  kind  of  shafts,  commonly  made  of  iron,  named 
!>'  limbers,  the  purpose  of  which  is  to  prevent  the  carriage  from  OTemmning 
them.  One  of  these  shafts  is  represented  in  fig,  851.  The  hole  shown 
at  a  passes  over  an  iron  peg  or  stud  in  front  of  the  rolley,  so  that  the  horse  may  be 
quickly  attached  or  disengaged.  By  these  arrangements  the  work  is  carried  on  with 
surprising  regularity  and  despatch. 

The  power  of  the  engine  for  drawing  the  coals  up  the  shaft  is  made  proportional  to 
the  depth  of  the  pit  and  the  quantity  to  be  raised,  the  corves  ascending  at  an  aversge 
velocity  of  about  12  feet  per  second.  So  admirable  is  the  modem  arrangement  of  this 
operation,  that  the  corves  are  transported  from  the  wall-faces  to  the  pit  bottom,  and 
moved  up  the  shaft,  as  fast  as  the  onsetters  at  the  bottom,  and  the  banksmen  at  the  tom 
can  hook  the  loaded  and  empty  corves  on  and  off  the  engine  ropes.  Thus  100  corves  of 
coals  have  been  raised  every  hour  up  a  shaft  100  fathoms  deep,  constituting  a  lift  of  27 
tons  per  hour,  or  324  tons  in  a  day,  or  shift  of  12  hours.  Coals  mined  in  large  cnbieal 
masses  cannot,  however,  be  so  rapidly  raised  as  the  smaller  coal  of  the  Newcastk 
district. 

When  coals  have  so  great  a  rise  from  the  pit  bottom  to  the  crop  that  horses  cannot  be 
nsed  on  the  rolley  ways,  the  corves  descend  along  the  tram-roads,  by  means  of  inclined- 
plane  machines,  which  are  moved  cither  by  vertical  rope-barrels,  or  horizontal  rope- 
sheaves.  These  inclined  planes  are  frequently  divided  into  successive  stages,  200  or  300 
yards  long,  at  the  end  of  each  of  which  is  an  inclined-plane  machine,  whereby  the  eoab 
are  lowered  from  one  level  to  another. 

The  wheels  of  the  trams  and  rolleys  vary  in  diameter  from  8  to  16  inches,  aeeocding 
to  the  thickness  of  the  coal.  In  some,  the  axles  not  only  revolve  on  their  journals,  hot 
the  wheels  also  revolve  on  their  axles. 

Various  forms  of  machines  have  been  employed  for  raising  the  coals  ont  of  the  pits. 
The  steam  engine  with  fly-wheel  and  rope-barrels  is,  however,  now  preferred  in  all  con- 
siderable establishments.  When  of  small  power,  they  are  usually  constructed  with  a  Jly 
wheel,  and  short  fly-wheel  shaft,  on  which  there  is  a  small  pinion  working  into  the 
teeth  of  a  large  wheel,  fixed  upon  the  rope-barrel.  Thus  the  engine  may  move  with 
great  rapidity,  while  it  imparts  an  equable  slow  motion  to  the  corves  ascending  in  tha 
shaft.  When  the  engines  are  of  great  power,  however,  they  are  directly  connected  with 
the  rope-barrel ;  some  of  these  being  of  such  dimensions,  that  each  revolution  of  the  xope- 
barrel  produces  an  elevation  of  12  yards  in  the  corve.  A  powerful  brake  is  nsnally  eon- 
nected  with  the  circumference  of  the  fly-wheel  or  rope-barrel,  whereby  the  brakeman, 
by  applying  his  foot  to  the  governing  lever  of  the  brake,  and  by  shutting  at  the  same 
time  the  steam  valves  with  his  hands,  can  arrest  the  corve,  or  pitch  its  arrival  within  a 
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few  inches  of  the  required  height  of  every  delivery.  An  endless  chain,  suspended  from 
the  bottom  to  the  top  of  the  shaft,  has,  in  a  few  pits  of  moderate  depth,  been  worked  by 
a  steam  engine,  for  raising  corves  in  constant  succession ;  but  the  practice  has  not  been 
(onnd  hitherto  applicable  on  the  greater  scale. 

There  is  a  kind  of  water  engines  for  raising  coals,  strictly  admissible  only  in  level  free 
pits,  where  the  ascent  of  the  loaded  corve  is  produced  by  the  descent  of  a  cassoon  filled 
with  water.  When  the  ascent  and  descent  are  through  equal  spaces,  the  rope  barrels  for 
the  cassoon  and  the  corves  are  of  equal  diameter ;  but  when  the  point  from  which  the 
coals  have  to  be  liAed  is  deeper  than  the  point  of  discharge  for  the  water  into  the  dry 
level,  the  cassoon  must  be  larger,  and  the  rope  barrel  smaller ;  so  that  by  the  time  the 
cassoon  reaches  to  the  half-depth,  for  example,  the  corve  may  have  mounted  through 
double  the  space.  The  cassoon  is  filled  with  water  at  the  pit  mouth,  and  is  emptied  by  a 
self-acting  valve  whenever  it  gets  to  the  bottom.  The  loaded  corve  is  replaced  by  an 
empty  one  at  the  pit  mouth,  and  its  weight,  with  that  of  the  descending  rope,  pull  up  the 
empty  cassoon ;  the  motions  of  the  whole  mechanism  being  regulated  by  a  powerful 
brake. 

Various  plans  have  been  devised  to  prevent  collision  between  the  ascending  and  de- 
scending corves,  which  sometimes  pass  each  other  with  a  joint  velocity  of  20  or  30  feet 
per  second.  One  method  is  by  dividing  the  pit  from  top  to  bottom,  so  that  each  corve 
moves  in  a  separate  compartment.  Another  mode  was  invented  by  Mr.  Curr  of 
Sheffield,  in  which  wooden  guides  were  attached  from  top  to  bottom  of  the  pit ;  being 
spars  of  deal  about  4  inches  square,  attached  perpendicularly  to  the  sides  of  the  shaf^ 
and  to  buntons  in  the  middle  of  the  pit.  Betwixt  these  guides,  friction-roller  sliders  are 
placed,  attached  to  the  gin-ropes,  to  which  sliders  the  corves  are  suspended.  In  this 
way,  the  corves  can  be  raised  with  great  rapidity ;  but  there  is  a  considerable  loss  of 
time  in  banking  the  corve  at  the  pit  mouth,  where  shutters  or  sliding  boards  must  be 
used.    This  plan  is  highly  beneficial  where  the  coals  are  in  large  lumps. 

Both  ropes  and  chains  are  used  for  lifting  coals.  The  round  ropes  are  shroud-laid ; 
but  the  preferable  rope  is  the  flat  band,  made  of  four  ropes  placed  horizontally  together, 
the  ropes  being  laid  alternately  right  and  left.  In  this  way,  the  ropes  counteract  one 
Another  in  the  twist,  hanging  like  a  riband  down  the  shaft ;  and  are  stitched  strongly 
jogether  by  a  small  cord.  Such  rope  bands  are  not  only  very  pliable  for  their  strength, 
which  protects  the  heart  of  the  rope  from  breaking,  but  as  they  lap  upon  themselves,  a 
simple  sheave  serves  as  a  rope-barrel.  They  possess  the  additional  advantge,  that  by  so 
4apping,  they  enlarge  the  diameter  of  the  axle  in  which  they  coil,  and  thus  make  a  com- 
pensation mechanically  against  the  increasing  length  of  rope  descending  with  its  corve. 
Thus  the  counterpoise  chains,  used  in  deep  pits  to  regulate  the  descent,  have  been  super- 
seded.    See  ROPE-SFINMNG. 

When  chains  are  preferred  to  ropes,  as  in  very  deep  pits,  the  short  pudding-link  chains 
are  mostly  used.    See  Cable. 

The  corves,  aAer  being  landed  or  banked  at  the  pit  mouth,  are  drawn  to  the  bin  or 
coal-hill,  either  upon  slips  by  horses,  or  by  trammers  on  a  tram-road.  But  with  smaU 
coals,  like  the  Newcastle,  the  pit  head  is  raised  8  or  9  feet  above  the  common  level  of 
the  ground,  and  the  coal-heap  slopes  downwards  from  that  height.  As  the  bins  increase, 
txam-roads  are  laid  outwards  upon  them. 

I  shall  now  describe  the  ventilation  of  coal  mines.  Into  their  furthest  recesses,  an  ade- 
qvate  supply  of  fresh  air  must  be  carried  forwards,  for  the  purposes  of  respiration,  and 
the  combustion  of  candles ;  as  also  for  clearing  ofi'  the  carbonic  acid  and  carbureted  hy- 
drogen gases,  so  destructive  to  the  miners,  who  call  these  noxious  airs,  from  their  most 
obvious  qualities,  choke-damp  and  fire-damp. 

Before  the  steam  engine  was  applied  to  the  drainage  of  the  mines,  and  the  extraction 
of  the  coal,  the  excavations  were  of  such  limited  extent,  that  when  inflammable  air  ac- 
eumulated  in  the  foreheads,  it  was  usual  in  many  collieries  to  fire  it  every  morning. 
This  was  done  by  fixing  a  lighted  candle  to  the  end  of  a  long  pole,  which  being  extendi 
towards  the  roof  by  a  person  lying  flat  on  the  floor,  the  gas  was  fired,  and  the  blast  passed 
salUy  over  him.  If  the  gas  was  abundant,  the  explosive  miner  put  on  a  wet  jacket,  to 
prevent  the  fire  from  scorching  him.  In  other  situations,  where  the  fire-damp  was  still 
more  copious,  the  candle  was  drawn  forwards  into  it,  by  a  cord  passing  over  a  catch  at 
the  end  aC  the  gallery,  while  the  operator  stood  at  a  distance.  Tliis  very  rude  and  dan- 
herons  mode  of  exploding  the  Inflammable  gas  is  still  practised,  in  a  few  mines,  under 
tlie  name  of  the  firing  line. 

The  carbonic  acid  or  choke-damp,  having  a  greater  specific  gravity  than  atmospheric 
air,  in  the  proportion  of  about  3  to  2,  occupies  the  lower  part  of  the  workings,  and 
fives  comparatively  little  annoyance.  Its  presence  may  moreover  be  always  nfely 
ssmrtaiaed  by  the  lighted  candle.  This  cannot,  however,  be  said  of  the  fire-damp, 
wkidi'beiBg  lighter  luu]  more  moveable,  diffuses  readily  through  the  atmospheric  air,  so 
as  to  form  a  most  dangerous  explosive  mixture^  even  at  a  considerabls  distance  from 
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the  blowers  or  sources  of  its  extrication  from  the  coal  strata.  Pure  sobcftrbnreted  hj- 
drogen  has  a  specific  gravity  =  0*555,  air  being  1 ;  and  consists  of  a  Tblume  of  vapor  of 
carbon,  and  two  volumes  of  hydrogen,  condensed  by  mutual  affinity  into  one  voJume. 
The  chuke-damp  is  a  mixture  of  the  above,  with  a  little  carbonic  acid  g«F,  and  Tariabte 
proportions  of  atmospheric  air.  As  the  pure  subcarbureted  hydrogen  requires  twice  it« 
bulk  of  oxygen  to  consume  it  completely,  it  will  take  for  the  same  effect  about  10  timet 
its  bulk  of  atmospheric  air,  since  this  volume  of  air  contains  about  two  volumes  of  oxy- 
gen. Ten  volumes  of  air,  therefore,  mixed  with  one  volume  of  subcarbureted  hydrogeo, 
form  the  most  powerfully  explosive  mixture.  If  either  less  or  more  air  be  intermixed, 
the  explosive  force  will  be  impaired ;  till  3  volumes  of  air  below  or  above  that  ratio,  coa- 
stitute  non-explosive  mixtures;  that  is,  1  of  the  pure  fire-damp  mixed  with  either  7  or  13 
of  air,  or  any  quantity  below  the  first,  or  above  the  second  number,  will  afibrd  an  uaex- 
plosive  mixture.  With  the  first  proportion,  a  candle  will  not  burn;  with  (he  second, it 
burns  wilh  a  very  elongated  blue  flame.  The  fire-damp  should  therefore  be  still  further 
diluted  with  common  air,  considerably  beyond  the  above  proportion  of  1  to  13,  to  render 
the  working  of  the  mine  perfectly  safe. 

These  noxious  gases  are  disengaged  from  the  cutters,  fissures,  and  minute  pores  of  the 
coal ;  and  if  the  quantity  be  considerable,  relative  to  the  orifice,  a  hissing  noise  is  heard. 

Though  the  choke-damp,  or  carbonic  acid  gas,  be  invisible,  yet  its  line  of  divisioa 
from  the  common  air  is  distinctly  observable  on  approaching  a  lighted  candle  to  the 

«E.2  lower  level,  where  it  accumulates,  which  becomes  extinguished 

^  ■  ■  I  iiTTilifiiii^""?         Ihc  instant  it  comes  within  its  sphere,  as  if  it  were  plunged  in 
^S*»*^  water.    The  stratum  of  carbonic  acid  sometimes  lies  I  or  2  feet 

thick  on  the  floor,  while  the  superincumbent  air  is  perfectly  good.  When  the  coal  has 
a  considerable  dip  and  rise,  the  choke-damp  will  be  found  occupying  the  lower  parts  of 
the  mine,  in  a  wedge  form,  as  represented  in  fig,  852,  where  a  shows  the  place  of  the 
carbonic  acid  gas,  and  b  that  of  the  common  air. 

When  a  gallery  is  driven  in  advance  of  the  other  workings,  and  a  discharge  of  this  gas 
takes  place,  it  soon  fills  the  whole  mine,  if  its  direction  be  in  the  line  of  level,  and  the 
mine  is  rendered  unworkable  until  a  supply  of  fresh  air  is  introduced  to  dislodge  it.  At 
the  flame  of  a  candle  indicates  correctly  the  existence  of  the  choke-damp,  the  miners  may 
have  sufficient  warning  of  its  presence,  so  as  to  avoid  the  place  which  it  occupies,  till 
adequate  means  be  token  to  drive  it  away. 

The  fire-damp  is  not  an  inmate  of  every  mine,  and  is  seldom  found,  indeed,  where 
the  carbonic  acid  prevails.  It  occurs  in  the  greatest  quantities  in  the  coal  mines  of  the 
counties  of  Northumberland,  Durham,  Cumberland,  Staffordshire,  and  Shropshire.  It 
is  more  abundant  in  coals  of  the  caking  kind,  with  a  bright  steel-grained  fi^cture,  than 
in  cubic  coals  of  an  open-burning  quality.  Splint  coals  are  still  less  liable  to  disengage 
this  gas.  In  some  extensive  coal-fields  it  exists  copiously  on  one  range  of  the  line  of 
bearinir,  while  on  the  other  range  none  of  it  is  obsened,  but  abundance  of  carbonic 
acid  gas. 

In  the  numerous  collieries  in  the  Lothians,  south  from  the  city  of  Edinburgh,  the  fire- 
damp is  unknown  ;  while  in  the  coal-fields  round  the  city  of  Glasgow,  and  along  the  coast 
of  Ayrshire,  it  frequently  appears. 

The  violent  discharge  of  the  gas  from  a  crevice  or  cutter  of  the  coal,  is  called  a  blower; 
and  if  lliis  be  ignited,  it  burns  like  an  immense  blowpipe,  inflaming  the  coal  at  the  opposite 
side  of  the  gallery.  The  gas  evidently  exists  in  a  highly  compressed  and  elastic  state; 
whence  it  seems  to  loosen  the  texture  of  the  coals  replete  with  it,  and  renders  them  more 
easily  worked.  The  gas  is  oHen  peculiarly  abundant  near  a  great  dislocation  or  slip  of 
the  strata  ;  so  that  the  fissure  of  the  dislocation  will  sometimes  emit  a  copious  stream  of 
gas  for  many  years.  It  has  also  happened,  that  from  certain  coals,  newly  worked,  and 
let  fall  from  a  height  into  the  hold  of  a  vessel,  so  much  inflommable  gas  has  been  extri- 
cated that,  oAer  the  hatches  were  secured,  and  the  ship  ready  to  proceed  to  sea,  the  gas 
has  isrnited  with  the  flame  of  a  candle,  so  as  to  scorch  the  seamen,  to  blow  up  the  decks, 
and  otherwise  damage  the  vessel.  In  like  manner,  when  the  pillars  in  a  mine  are 
crushed  by  sudden  pressure,  a  great  discharge  of  gas  ensues.  This  gas,  being  lighter 
than  common  air,  always  ascends  to  the  roof  or  to  the  rise  of  the  galleries ;  and,  where 
the  dip  is  considerable,  occupies  the  forehead  of  the  mine,  in  a  wedge  form,  as  shown  in 

gj^ fig.  853,  where  a  represents  the  fire-damp,  and  b  the  common  air. 

853     i^^^g^y**'  In  this  case,  a  candle  will  bum  without  danger  near  the  point  c^ 

^  ^  close  to  the  floor;  but  if  it  be  advanced  a  few  feet  further  to- 
wards the  roof,  an  explosion  will  immediately  ensue  ;  since  at  the  line  where  the  two 
elastic  fluids  are  in  contact,  they  mix,  and  form  an  explosive  body. 

When  this  gas  is  largely  diluted  wilh  air,  the  workmen  do  not  seem  to  feel  any  incon- 
venience from  breathing  the  mixture  for  a  period  of  many  years ;  but  on  inhaling  pure 
carbureted  hydrogen,  the  miner  instantly  drops  down  insensible,  and,  if  not  speedily  re- 
moved  into  fiesh  air,  he  dies. 
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The  prodaction  of  these  noxiotis  g^ases  renders  ventilation  a  primary  object  in  the 
system  of  mining.  The  most  easily  managed  is  the  carbonic  acid.  If  an  air^nipe  has 
been  carried  down  the  engine  pit  for  the  purpose  of  ventilation  in  the  sinking,  other  pipes 
are  connected  with  it,  and  laid  along  the  pavement,  or  are  attached  to  an  angle  of  the 
mine  next  the  roof.  These  pipes  are  prolonged  with  the  galleries,  by  which  means  the 
air  at  the  forehead  is  drawn  up  the  pipes  and  replaced  by  atmospheric  air,  which  descends 
by  the  shaf\  in  an  equable  current,  regulated  by  the  draught  of  the  furnace  at  the  pit 
mouth.  This  circulation  is  continued  till  the  miners  cut  through  upon  the  second  shaA, 
when  the  air-pipes  become  superfluous ;  for  it  is  well  known  that  the  instant  such  com- 
munication is  made,  as  is  represented  in  fig,  854,  the  air  spontaneously  descends  in  the 
engine  pit  a,  and,  passing  along  the  gallery  a,  ascends  in  a  steady  current  in  the  second 
854  R        pit  fi.    The  air,  in  sinking  through  a,  has  at  first  the  atmospheric 

temperature,  which  in  winter  may  be  at  or  under  the  freezing  point 
of  water ;  but  its  temperature  increases  in  passing  down  through 
the  relatively  warmer  earth,  and  ascends  in  the  shaft  b,  warmer 
than  the  atmosphere.  When  shafts  are  of  unequal  depths,  as 
represented  in  the  figure,  the  current  of  air  flows  pretty  uniformly 
in  one  direction.  If  the  second  shaft  has  the  same  depth  with  the  first,  and  the  bottom 
and  mouth  of  both  be  in  the  same  horizontal  plane,  the  air  would  sometimes  remain  at 
rest,  as  water  would  do  in  an  inverted  syphon,  and  at  other  times  would  circulate  down 
one  pit  and  up  another,  not  always  in  the  same  direction,  but  sometimes  up  the  one,  and 
sometimes  up  the  other,  according  to  the  variations  of  teihperature  at  the  surface,  and 
the  barometrical  pressures,  as  modified  by  winds.  There  is  iq  mines  a  proper  heat,  pro- 
portional to  their  depth,  increasing  about  one  degree  of  Fahrenheit's  scale  for  every  60 
feet  of  descent. 

There  is  a  simple  mode  of  conducting  air  from  the  pit  bottom  to  the  forehead  of  the 
mine,  by  cutting  a  ragglin,  or  trumpeting,  as  it  is  termcKl,  in  the  side  of  the  gallery  as  rep- 
855  3^^ j^  resented  in  fig,  855,  where  a  exhibits  the  gallery  in  the  coal,  and  b  the 


[ragglin,  which  is  from  15  to  18  inches  square.  The  coal  itself  forms 
three  sides  of  the  air-pipe,  and  the  fourth  is  composed  of  thin  deals  applied  air-tight,  and 
nailed  to  small  props  of  wood  fixed  between  the  top  and  bottom  of  the  lips  of  the  ragglin. 
This  mode  Is  very  generally  adopted  in  running  galleries  of  communication,  and  dip-head 
level  galleries,  where  carbonic  acid  abounds,  or  when  from  the  stagnation  of  the  air  the 
miners'  lights  bum  dimly. 

When  the  ragglin  or  air-pipes  are  not  made  spontaneously  active,  the  air  is  sometimes 
impelled  through  them  by  means  of  ventilating  fanners,  having  their  tube  placed  at  the 
pit  bottom,  while  the  vanes  are  driven  with  great  velocity  by  a  wheel  and  pinion  worked 
with  the  hand.  In  other  cases,  large  bellows  like  those  of  the  blacksmith,  furnished  with 
a  wide  nozzle,  are  made  to  act  in  a  similar  way  with  the  fanners.  But  these  are  merely 
temporary  expedients  for  small  mines.  A  ver>'  slight  circulation  of  air  can  be  effected 
by  propulsion,  in  comparison  of  what  may  be  done  by  exhaustion ;  and  hence  it  is  better 
to  attach  the  air-pipe  to  the  valve  of  the  bellows,  than  to  their  nozzle. 

Ventilation  of  collieries  has  been  likewise  effected  on  a  small  scale,  by  attaching  a 
horizontal  funnel  to  the  top  of  air-pipes  elevated  a  considerable  height  above  the  pit 
mouth.  The  funnel  revolves  on  a  pivot,  and  by  its  tail-piece  places  its  mouth  so  as  to 
receive  the  wind.  At  other  times,  a  circulation  of  air  is  produced  by  placing  coal-fires 
in  iron  grates,  either  at  the  bottom  of  an  upcast  pit,  or  suspended  by  a  chain  a  few 
fathoms  down. 

Such  are  some  of  the  more  common  methods  practised  in  collieries  of  moderate 
depth,  where  carbonic  acid  abounds,  or  where  there  is  a  total  stagnation  of  air.  But 
io  all  great  coal  mines  the  aerial  circulation  is  regulated  and  directed  by  double 
doors,  called  main  or  bearing  doors.  These  are  true  air-valves,  which  intercept  a 
current  of  air  moving  in  one  direction  from  mixing  with  another  moving  in  a  dif- 
erent   direction.      Such  valves  are  placed  on   the   main  roads  and   passages  of  the 

galleries,  and  are  essential  to  a  just  ventilation.  Their  func- 
tions are  represented  in  the  annexed  fig,  856,  where  a  shows 
the  downcast  shaft,  in  which  the  aerial  current  is  made  to 
descend ;  b  is  the  upcast  shaft,  sunk  towards  the  rise  of  the 
coal ;  and  c,  the  dip-head  level.  Were  the  mine  here  figured 
i^^U^-^tiS^-U:^^^)  ]   to  be  worked  without  any  attention  to  the  circulation,  the  air 

J2E i — f  "^  c  y      ^\  would  flow  down  the  pit  a,  and  proceed  in  a  direct  line  up 

ihe  rise  mine  to  the  shaft  B,*in  which  it  would  ascend.  The  consequence  would  there- 
A)rc  be,  that  all  the  galleries  and  boards  to  the  dip  of  the  pit  a,  and  those  lying  on  each 
»ide  of  the  pits,  would  have  no  circulation  of  air;  or,  in  the  language  of  the  collier,  would 
be  laid  dead.  To  obviate  this  result,  double  doors  are  placed  in  three  of  the  galleries  ad- 
joining the  pit ;  viz.,  at  a  and  6,  c  and  d, «  ?ia!^f;  all  of  which  open  inwards  to  the  shaft  a. 
By  this  plan,  as  the  air  is  not  suffered  to  pass  directly  from  the  shaft  a  to  the  shaft  s,  through 
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the  doors  a  and  b,  it  would  have  taken  the  next  shortest  direction  hf  e  d  mud  </;  bat  the 
doors  in  these  galleries  prevent  this  course,  and  compel  it  to  proceed  downwanU  to 
the  dip-head  level  c,  where  it  will  spread  or  divide,  one  portion  pursoinx  a  roateti 
the  right,  another  to  the  led.  On  arriving  at  the  boards  g  and  k,  it  would  hafc 
naturally  ascended  by  them ;  but  this  it  cannot  do,  by  reason  of  the  building  or  sia^ 
ping  placed  at  g  and  h.  By  means  of  such  stoppings  placed  in  the  boards  next  the 
dip-head  level,  the  air  can  be  transported  to  the  right  hand  or  to  the  left  A>r  many 
miles,  if  necessary,  providing  there  be  a  train  or  circle  of  aerial  communication  fron 
the  pit  A  to  the  pit  b.  If  the  boards  t  and  k  are  open,  the  air  will  ascend  in  them, 
as  traced  out  by  the  arrows ;  and  after  being  diffused  through  the  workings,  will  again 
meet  in  a  body  at  a,  and  mount  the  gallery  to  the  pit  b,  sweeping  away  with  it  the 
deleterious  air  which  it  meets  in  its  path.  Without  double  doors  on  each  main  pasage, 
the  rei^ular  circulation  of  the  air  would  be  constantly  liable  to  interruptioBS  mod 
derangements ;  thus,  suppose  the  door  c  to  be  removed,  and  only  d  to  remain  in  the 
left  hand  gallery,  all  the  other  doors  being  as  represented,  it  is  obvious,  that  wbenerer 
the  door  d  is  opened,  the  air,  finding  a  more  direct  passage  in  that  direction,  would 
mount  by  the  nearest  channel  /,  to  the  shaft  b,  and  lay  dead  all  the  other  parts  of  the 
work,  stopping  all  circulation.  As  the  passages  on  which  the  doors  are  placed  con- 
stitute the  main  roads  by  which  the  miners  go  to  and  from  their  woric,  and  as  the 
corves  are  also  constantly  wheeling  along  all  the  time,  were  a  single  door,  such  as  i, 
so  often  opened,  the  ventilation  would  be  rendered  precarious  or  languid.  But  the 
double  doors  obviate  this  inconvenience ;  for  both  men  and  horses,  with  the  corves, 
in  going  to  or  from  the  pit  bottom  a,  no  sooner  enter  the  door  d,  than  it  shuts  behind 
them,  and  encloses  them  in  the  still  air  contained  between  the  doors  d  and  c  ;  c  having 
prevented  the  air  from  changing  its  proper  course  while  d  was  open.  When  d  is  again 
shut,  the  door  c  may  be  opened  without  inconvenience,  to  allow  the  men  and  horses  to 
pass  on  to  the  pit  bottom  at  a  ;  the  door  d  preventing  any  change  in  the  aerial  circulation 
while  the  door  c  is  open.  In  returning  from  the  pit,  the  some  rule  is  observed,  of  shut- 
ting one  of  the  double  doors,  before  the  other  is  opened. 

If  this  mode  of  disjoining  and  insulating  air-courses  from  each  other  be  once  fairly  cob- 
ceived,  the  continuance  of  the  separation  through  a  working  of  any  extent,  may  be  easily 
understood. 

When  carbonic  acid  gas  abounds,  or  when  the  fire-damp  is  in  very  small  qua- 
tity,  the  air  may  be  conducted  from  the  shaft  to  the  dip-head  level,  and  by  placiog 
stoppings  of  each  room  next  the  level,  it  may  be  carried  to  any  distance  along  the  dip* 
head  levels ;  and  the  furthest  room  on  each  side  being  Jeft  open,  the  air  is  snifered 
to  diffuse  itself  through  the  wastes,  along  the  wall  faces,  and  mount  in  the  upcast 
pit,  as  is  represented  in  Jig.  842.  But  should  the  air  become  stagnant  along  the 
wall  faces,  stoppings  are  set  up  throughout  the  galleries,  in  such  a  way  as  to  direct  the 
main  body  of  fresh  air  along  the  wall  faces  for  the  workmen,  while  a  partial  stream  of 
air  is  allowed  to  pass  through  the  stoppings,  to  prevent  any  accumulation  of  foul  air  is 
the  wastes. 

In  very  deep  snd  extensive  collieries  more  elaborate  arrangements  for  ventilation  are 
introduced.  Here  the  circulation  is  made  active  by  rarefying  the  air  at  the  upcast 
shaft,  by  means  of  a  very  large  furnace  placed  cither  at  the  bottom  or  top  c^  the 
shaft.  The  former  position  is  generally  preferred.  Fig.  834  exhibits  a  furnace 
placed  at  the  top  of  the  pit.  When  it  surmounts  a  single  pit,  or  a  single  division  of 
the  pit,  the  compartment  intended  for  the  upcast  is  made  air-tight  at  top,  by  plaeing 
strong  buntons  or  beams  across  it,  at  any  suitable  distance  from  the  mouth.  On  these 
bunions  a  close  scafiblding  of  plank  is  laid,  which  is  well  plastered  or  moated  over  with 
adhesive  plastic  clay.  A  little  way  below  the  scaffold,  a  passage  is  previously  cut,  either 
in  a  sloping  direction,  to  connect  the  current  of  air  with  the  furnace,  or  it  is  laid  horixoo- 
tally,  and  then  communicates  with  the  furnace  by  a  vertical  opening.  If  any  obstacle 
prevent  the  scaffold  from  being  erected  within  the  pit,  this  can  be  made  air-tij^  at  top, 
and  a  brick  flue  carried  thence  along  the  surface  to  the  furnace. 

The  furnace  has  a  size  proportional  to  the  magnitude  of  the  ventilation,  and  the  ehini- 
neys  are  either  round  or  square,  being  from  50  to  100  feet  high,  with  an  inside  diamrtfr 
of  from  5  to  9  feet  at  bottom,  tapering  upwards  to  a  diameter  of  from  2}  feet  to  5  feel. 
Such  stalks  are  made  9  inches  thick  in  the  body  of  the  building,  and  a  little  thieker  atbol- 
tom,  where  they  are  lined  with  fire-bricks. 

The  plan  of  placing  the  furnace  at  the  bottom  of  the  pit  is,  however,  nxtre  adm- 
tageons,  because  the  shaft  through  which  the  air  ascends  to  the  furnace  at  the  pit 
mouth,  is  always  at  the  ordinary  temperature ;  so  that  whenever  the  top  furnace  is  neg- 
lected, the  circnlation  of  air  throughout  the  mine  becomes  languid,  and  dangerous  lo 
the  workmen ;  whereas,  when  the  furnace  is  situated  at  the  bottom  of  the  shaft,  its  sido 
get  heated,  like  those  of  a  chimney,  through  its  total  length,  so  that  though  the  heat  of 
the  furnace  be  accidentally  allowed  to  declins  or  become  extinct  for  a  little,  the 
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lation  will  still  go  on,  the  air  of  the  upcast  pit  being  rarefied  by  the  heat  remaining  in 
the  sides  of  the  shaft. 

To  prevent  the  annoyance  to  the  onsetters  at  the  bottom,  from  the  hot  smoke,  the  fol- 
lowing plan  has  been  adopted,  as  shown  in  the  wood-cut,  fig.  857,  where  a  represents 
857  fk  ^  lower  part  of  the  upcast  shaA ;   6,  the  furnace,  built  of 

brick,  arched  at  top,  with  its  sides  insulated  from  the  solid 
mass  of  coal  which  surrounds  it.  Between  the  furnace 
wall  and  the  coal  beds,  a  current  of  air  constantly  passes 
towards  the  shaf\,  in  order  to  prevent  the  coal  catching 
fire.  From  the  end  of  the  furnace  a  gallery  is  cut  in  a 
rising  direction  at  r,  which  communicates  with  the  shaft  at 
dj  about  7  or  8  fathoms  from  the  bottom  of  the  pit.  Thus  the  furnace  and  furnace- 
keeper  are  completely  disjoined  from  the  shaA ;  and  the  pit  bottom  is  not  only  free 
y^^^*^  from  all  encumbrances,  but  remains  comfortably  cool.  To  ob- 
viate the  inconveniences  from  the  smoke  to  the  banksmen  in 
landing  the  coals  at  the  pit  mouth,  the  following  plan  has  been 
contrived  for  the  Newcastle  collieries.  jFig.  858  represents  the 
mouth  of  the  pit ;  a  is  the  upcast  shaA,  provided  with  a  furnace 
at  bottom ;  6,  the  downcast  shaft,  by  which  the  supply  of  at- 
mospheric air  descends  ;  and  <f,  the  brattice  carried  above  the  pit 
mouth.  A  little  way  below  the  settle-boards,  a  gallery  c  is  pushed, 
in  communication  with  the  surface  from  the  downcast  shaft, 
over  which  a  brick  tube  or  chimney  is  built  from  60  to  80  feet 
high,  7  or  8  feet  diameter  at  bottom,  and  4  or  5  feet  diameter  at 
top.  On  the  top  of  this  chimney  a  deal  funnel  is  suspended  horizontally  on  a  pivot, 
like  a  turn-cap.  The  vane/,  made  also  of  deal,  keeps  the  mouth  of  the  funnel  always 
in  the  same  direction  with  the  wind.  The  same  mechanism  is  mounted  at  the  upcast 
shafl  Uf  only  here  the  funnel  is  made  to  present  its  mouth  in  the  wind's  eye.  It  is  obvious 
from  the  figure,  that  a  high  wind  will  rather  aid  than  check  the  ventilation  by  this  plan. 
The  principle  of  ventilation  being  thus  established,  the  next  object  in  opening  up  a 
colliery,  and  in  driving  all  galleries  whatever,  is  the  double  mint  or  double  keadwayt 
course ;  on  the  simple  but  very  ingenious  distribution  of  which,  the  circulation  of  air 
depends  at  the  commencement  of  the  excavations. 

The    double    headways  course   is    represented    in  fig,   859,  where    a  is   the  one 
heading  or  gallery,  and  b  the  other ;    the  former  being  immediately  connected  with 

the  upcast  side  of  the  pit  c,  and  the  latter  with  the 
downcast  side  of  the  pit  d.  The  pit  itself  is  made 
i^.Ti  -ji.kr^,ij^,Fr,p*  -J."  ^"T^^  completely  air-tight  by  its  division  of  deals  from  top 
^S^S^^BHJSSi?^^'^^'*  to  bottom,  called  the  brattice  wall ;  so  that  no  air 
can  pass  through  the  brattice  from  d  to  c,  and  the  intercourse  betwixt  the  two  currents  of 
air  is  completely  intercepted  by  a  stopping  betwixt  the  pit  bottom  and  the  end  of  the  first 
pillar  of  coal;  the  pillars  or  walls  of  coal,  marked  e,  are  called  stenting  walls ;  and  the 
openings  betwixt  them,  walls  or  thirlings.  The  arrows  show  the  direction  of  the  air. 
The  headings  a  and  6  are  generally  made  about  9  feet  wide,  the  stenting  walls  6  or  8 
yards  thick,  and  are  holed  or  thirled  at  such  a  distance  as  may  be  most  suitable  for  the 
state  of  the  air.    The  thirlings  are  5  feet  wide. 

When  the  headings  are  set  off  from  the  pit  bottom,  an  aperture  is  left  in  the  brattice 
at  the  end  of  the  pillar  next  the  pit,  through  which  the  circulation  betwixt  the  upcast 
asd  downcast  pits  is  carried  on ;  but  whenever  the  workmen  cut  through  the  first 
thirling  No.  1,  the  aperture  in  the  brattice  at  the  pit  bottom  is  shut ;  in  consequence  of 
which  the  air  is  inmiediately  drawn  by  the  power  of  the  upcast  shafl  through  that  thirling 
as  represented  by  the  dotted  arrow.  Thus  a  direct  stream  of  fresh  air  is  obviously 
brought  close  to  the  forehead  where  the  mines  are  at  work.  The  two  headings  a  and  6 
are  then  advanced,  and  as  soon  as  the  thirling  No.  2  is  cut  through,  a  wall  of  brick  and 
mortar,  4|  inches  thick,  is  built  across  the  thirling  No.  1.  This  wall  is  termed  a  stop- 
ping ;  and  being  air-tight,  it  forces  the  whole  circulation  through  the  thirling  No.  2.  In 
this  manner  the  air  is  always  led  forward,  and  caused  to  circulate  always  by  the  last- 
made  thirling  next  the  forehead ;  care  being  had,  that  whenever  a  new  thirling  is  made, 
the  last  thirling  through  which  the  air  was  circulated,  be  secured  with  an  air-tight 
stopping.  In  the  woodcut,  the  stoppings  are  placed  in  the  thirlings  numbered  1,  2,  3, 
4,  5,  6,  and  of  consequence  the  whole  circulation  passes  through  the  thirling  No.  7, 
which  lies  nearest  the  foreheads  of  the  headings  a,  b.  By  inspecting  the  figure,  we 
observe,  that  on  this  very  simple  plan,  a  stream  of  air  may  be  circulated  to  any  required 
distance,  and  in  any  direction,  however  tortuous.  Thus,  for  example,  if  while  the 
double  headways  course  a,  b,  is  pushed  forward,  other  double  headways  courses  are  re> 
qvired  to  be  carried  on  at  the  same  time  ta  both  sides  of  the  first  headway,  the 
Mine  fenerml  prineiplet  haje  only  to  be  attended  to  ae  shown  in  Jig.  860,  where 


%' 


a  i»  ihe  Dpeut,  ud  t  (he  downeaat  «bA 

The  air  advancn  alone  ibe  beadinK  e,  b« 
caoDol  proceed  Turlher  in  thnl  Jireclion  Ihu 
ihe  pillar  d,  bcin;  obtlrucled  bj  ike  donUc 
door*  Bl  r  It  thereror?  ulvancpe  in  ihe  direc- 
lion  or  Ihe  arrows  Lo  the  forpheads  at  /,  an! 
^^^^^^  passine  IhrouBh  the  last  thirlinir  made  there, 

J  r= i—  "~i        returns  lo  Ihr  opposite  side  of  Ihe  double  doon, 

"  \j- — ■    ' ^  — ;;    ''    ascendB  now  Ihe  hcaiiine  g,  lo  the  foreheads  at 

~  I      l'  ~        *    passes  IhrouEh  the  last-made  Ihirlimt  at  Ihat 

I      I  I  point  and  descends,  in  the  hekdin;  t,  Ull  ilit 

~'  inlernipled  by  the  double  doors  bI  k.    Tie 

I  aerml  carrenl  now  mores  rIodk  the  headiniJ, 

',    .'  10  the  foreheads  al  m,  returns  b;  Ihe  Isst-mule 

ihirlinc  Ibcre,  ainne  the  heading  n,  and  findtf 

foes  down   ihe   hrading  o,  and  moonu  bj  the 

upcast  shafl  u,  earryinz  with  it  all  the  noiimii 

eases  whieh  il  encounlered  daring  its  circni- 

taoi  jonrnef.     This  wood-enl  ii  a  faithful  rcpresenlnlion  of  Ihe  system  by  whieh  coUieriei 

of  the  createsl  eileni  are  worked  nnd  ventilated.     In  some  of  these,  the  air  coDivi 

■re  from  30   lo  40   mili^  Ions.      Thus  the  air  conducted  hj  the  EnedtDro  of  a  ihtTt 

divided  by  a  hmttice  wall  only  a  few  inches  thick,  aher  descending  in  Ihe  downcast  is 

on«  cnrnpnrlmenl  of  the  pit  al  6  o'cloek  in  the  momine,  must  Ihence  travel  tfaroneh  a  rir- 

cail  of  nenrly  3U  milee,  and  cannot  arrive  al  its  rrascendini  compartment  on  the  otter 

Hde  of  the  bmllice,  or  pit  jiartition,  till  6  o'clock  in  Ihe  evenins,  supposing  it  to  nmre  all 

Ifae  lime  at  the  rale  of  2|  miles  per  hour.    Hence  we  see  thai  Ihe  pritmim  mobilt  of  Ibis 

luiiibty  circulation,  the  furnace,  must  be  carefully  looked  aller,  since  its  irxeiTilatitifi 

may  afled  the  comfort,  or  even  Ihe  existence  of  hundreds  of  minera  spread   over  these 

vail  subterraneous  labyrinths.     On  Ihe  principles  just  laid  down,  it  appears  that  if  any 

namber  of  boards  be  set  off  from  any  side  of  these  galleries,  either  in  a  level,  dip,  or  rise 

direction,  the  cirenlation  of  air  may  be  advanced  to  each  forehead,  by  in  ingoing  and  le- 

Yet  while  Ihe  circnialion  of  fresh  air  is  thus  advanced  to  the  last-made  thirlin;  neit 
the  foreheads  /,  h,  and  m.fii;.  860,  and  moves  tbrouxh  the  Ihirlinr  which  is  nnrest  la 
the  face  of  every  board  and  room,  the  emission  of  fire-damp  is  frequently  ao  abundant 
from  the  eonly  strata,  thnl  the  miners  dare  not  proceed  Ibrwards  more  than  a  few  fni 
from  thai  aerial  citcn Is tiim.  without  hnznrd  of  beini:  burned  by  the  combustion  of  the  ft» 
at  their  candles.    To  RuanI  asninsi  this  accident,  temporary  shifting  brallices  are  cm- 

E joyed.  These  are  formed  of  deal,  about  {  of  an  inch  Ihiek,  3  or  4  feet  broad,  and  10 
XI  Ion;  I  and  are  furnished  with  cross-bars  for  bimlinr  the  deals  toselher,  and  a  few 
Anaer  loops  cut  through  them,  for  liflini;  them  more  eiprdiliously,  in  order  to  place  tbem 
in  a  proper  position.  Where  inflammable  air  abounds,  a  store  of  such  brattice  deals 
ibonld  be  kept  ready  for  emercencies. 

The  mode  of  applying  these  tempnrary  brntlices,  or  deal  partitions,  is  sbown  in  the 
accompanying  figure  (fin-  Wl),  which  shows  how  the  iir  circulate*  freely  throufth  the 
"'■t  thirling  il,  d,  before  the  brattices  are  place"!,     .^t  b  and  c,  we  see  twa  he^ 

V^;  p  ?  ine  boards  or  roams,  which  are  so  full  of  inflammable  air  as  to  be  unworii- 
B^i,  I'l;  ?  able.  Props  are  now  erected  near  the  upper  end  of  the  pillar  t,  betwixt  the 
Wi  1.^  ;  roof  and  pavement,  about  two  feet  clear  of  the  sides  of  the  next  pillar,  leat^ 
B  >  f  I  ing  room  for  Ihe  miner  lo  pass  along  between  Ihe  pillar  side  mnd  the  bral- 
H  K'L  }  lice.  The  brattices  are  then  fastened  with  nails  lo  the  props,  the  lower 
B  ^  I  ^  e'Ige  of  the  uniler  brattice  resting  on  the  pavement,  while  Ihe  upper  edge  of 
Hjrrn*  j  the  upper  is  in  contact  with  the  roof.  Bj  this  means  any  varjalion  of  the 
llf 'y  i  height  in  the  bed  of  coal  is  compensated  by  the  oveilap  of  the  bratlica 
S  il.S  H  boards;  nnd  as  these  are  advanced,  shilling  biattices  are  laid  ckwe  to,  and 
mlung!4i<le  of,  the  first  set.  The  miner  next  sets  up  additional  props  in  the  same  parallel 
line  with  Ihe  former,  and  slides  the  brattices  forwards,  to  make  the  air  circulate  ckne 
to  the  forehead  where  he  is  working;  and  he  regulates  the  distance  betwixt  the  bratliea 
tad  the  f'>rchead  by  the  diwngagement  of  (ire-damp  and  the  velocity  of  Ihe  aerial  drcn- 
hlion.  The  props  are  shown  al  d,  i,  and  the  brattices  at  /,/.  By  this  amjigeiiient 
Ihe  air  is  prevented  from  passing  directly  through  the  thirling  a,  and  is  forced  along  the 
right-baad  side  oi  the  brattice,  and,  sweeping  over  the  wall  face  or  forehead,  returns  bf 
Ibe  back  of  the  brattice,  and  passes  throaxh  the  thirling  a.  It  is  prevented,  bowertr, 
from  returaintt  in  ils  former  direction  by  the  bratlice  planted  in  the  forehead  c,  wherefar 
it  mounts  up  and  aecomplishes  its  relarn  close  lo  that  forehead.  Thus  headways  and 
boanls  are  ventilated  till  another  thirling  is^made  at  the  upper  part  of  Ihe  pillar,  Tk« 
thirling  a  ii  then  doted  b|  abriek  ftoppia^aod  Ibe  brsttici  boards  nnMiadfonraida for* 
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When  blowtpra  mcot  Id  the  nof,  and  Torce  ihe  ftrala  doirn,  w>  >■  to  uttidace  b  brge 
VaullrJ  excavation,  (he  accumulateil  gas  mait  be  swept  away  (  beraaip,  after  filliag  that 
■pac«,  it  iTould  drRcend  in  an  nnmixed  slate  under  Ihe  common  roof  of  Ihe  coal. 
The  manner  of  removing  it  is  represented  in  Jig.  66S,  where  a  is  the  bed  of  coal, 
b  the  blower,  r  the  eicavnliDn  led  by  the  donnfall  of  the 
roof,  if  is  a  pawing  door,  and  e  b  brattice.  By  this  airange. 
ment  Ihe  aerial  current  is  carried  clote  [o  Ihe  roof,  and  con- 
stantly sweeps  oft' or  dilutes  the  inflammable  nas  of  Ihe  blow- 
er, as  fast  as  it  issues.  The  arrows  thow  I  he~  direct  ion  of  the 
current  j  but  for  which,  the  accumulaiinK  gns  would  be  mixed 
'  I  explosive  proportions  with  the  atmospheric  air,  and  deitror 


*IJ»J1IW"hX 


them 


entilating  system. 


s  another  modification  of  the  \ 
air-eoutses  are  uarerfed  across) 
is  advanced  it  riahl  aniiles  to  anollier,  and  must 
order  to  ventilate  the  workings  on  Iht  further  side, 
Thi<  I  Hteon  pli'hed  on  the' plan  shonn  in  Jig.  863,  where  a  is  a  main  road  with  an  air- 
course  over  which  Ihe  other  air-courFe  b,  has  to  pass.  The  sides  of  this  air  channel  are 
bDill  of  briclis  nrchec)  over  so  as  10  b)  air-lieht,  and  a  gallery  is  driven  in  the  roof  strata 
as  shown  m  the  lieure.  If  an  air-conrse,  as  n,  be  laid  over  with  planliB  made  air-tiebt, 
crossin;;  and  recrossine  may  be  effected  with  facility.  The  general  velocity  of  the  air  in 
these  venlilatinc  channels  is  from  3  to  4  feet  per  second,  or  about  2|  miles  per  hour,  and 
their  internal  dimensions  vory  from  S  to  6  feel  square,  a^ording  an  area  of  from  26  to  3S 
square  feet. 

Mr.  Taylor's  hydraulic  air-pnmji,  formerly  described,  p.  845,  deserves  to  be  noticed 
8li^  omong  Ihe  various  ingenious  contrivonces  for  ventilalin?  mines,  pailicularlj 
J.  wbt^n  they  nre  of  moderate  extent,  a  is  a  large  wooden  tub,  nearly  filled  witi 
water,  through  whose  bottom  the  ventilating  pipe  b  passes  down  into  the  reeesses 
of  the  mine.  Upon  the  top  of  b,  there  is  a  valve  c,  opening  upwards.  Over  b, 
the  gasometer  vessel  is  inverted  in  a,  having  a  Talve  alto  opening  outwards  at  d. 
J  When  this  vessel  is  depressed  by  any  moving  force,  the  air  contained  within  it  is 
I  M  expelled  throogh  d ;  and  when  it  is  raised,  it  diminishes  the  atmospherical  pres- 

hus  draws  air  out  of  the  mine  into  the  gasometer;  which 

It  nf  the  valve  at  (,  but  is  thrown  ont  into  the  almospfaere 
through  d  at  Ihe  next  descent. 

The  general  plan  of  distributing  the  air,  in  all  cases,  is  to  send  the  first  of  the 
correal  that  descends  in  the  downcast  shaft  among  the  horses  in  the  slahles,  next 
among  the  workmen  in  the  foreheads,  after  which  the  air,  loaded  with  whatever 
i[  may  have  received,  is  made  to  tioverse  the  old  wastes.  Il  then  passes 
UuoQgh  the  fbrnace  with  nil  the  inflammable  gas  it  has  collected,  ascends  the  upeaFt  shat^ 
«nd  is  dispersed  into  the  almosiihere.  This  sjBlem,  stjltJ  amriing  iht  eir,  was  invenled 
bf  Mr.  Spedding  of  Cumberland.  According  to  the  quantity  of  the  fire-damp,  Ihe 
eonrsing  is  conducted  either  up  one  room,  and  returned  by  Ihe  next  alternately,  Ihrongh 
tha  whole  exlcDt  of  the  works,  or  it  passes  along  2  or  3  connected  rooms,  and  returns  bf 
Uie  same  number. 

This  admirable  system  has  received  the  greatest  improvements  from  Ihe  mininf 
vngineera  of  the  Newcastle  district,  and  especially  from"  Mr.  Buddie  of  Wallsend.  Hi« 
plan  being  a  most  complete  scale  of  ventilation,  where  the  aerial  current  is  made 
lo  nreep  away  every  corner  of  the  workings,  is  shown  in  j!g.  865;  in  which  a 
represents  the  downcast,  and  b  Ihe  upcast 
ibaft.  By  pursuing  the  trach  of  the  arrows, 
we  may  observe  thai  the  air  passes  first  along 
the  two  rooms  c,  d,  having  free  access  to  each 
through  the  walls,  but  is  hindered  from 
entering  into  the  adjoining  rooms  by  the 
stoppings  which  form  Ihe  air-courses.  It 
sweeps  along  the  wall  faces  of  the  i 


n  dowi 


",/. 


s  not  allowed  to  proceed  further  i 
■  _     '   I.      J]  direction   by  the   stoppings   g,   h.      It   then 

-■-^- "-""-■"    ~-~^"'-~'-'~ J  proceeds   lo  the  foreheads  i,  k,  and   sinj^e 

es  nil  the  rooms  to  the  foreheads  I,  m ;  from  this  point  it  would  go  directly  lo  the 
tt  pit  6,  were  it  not  prevented  by  the  stoppinf  a,  which  throws  it  aeain  into  double 
ling  the  room!,  till  it  arrives  at  d,  whence  it  goes  directly  to  the  furnace,  and 
MCends'tbe  shaft  b.  The  lines  across  each  other  represent  the  pauing  doors  ;  and  thCM 
■My  be  substilnled  in  any  place  for  a  paMage  where  there  is  a  stopping.  The  stopping 
P,  near  the  bottom  of  the  downcast  shaA,  »  termad  a  main  stopping)  beeante  if  it 
we  remoTfd,  tke  whole  drcnlatioii  wooM   buttatlr  ou^  and   tlia   ■ir,  lartwii  if 
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traversing  in  the  direction  of  the  arrows,  would  go  directly  from  the  downcast  pit  a,  to 
the  npcast  pit  b,  along  the  gallery  q.  Hence  every  gallery  and  room  of  the  working! 
would  he  laid  dead,  as  it  is  termed,  and  he  immediately  filled  with  fire-damp,  whidi 
might  take  fire  either  at  the  workmen's  candles,  or  at  the  furnace  next  the  upcatf 
ahaA  b.  Thus  also  a  partial  stagnation  in  one  district  of  the  colliery,  would  be  pro- 
duced by  any  of  the  common  stoppings  being  accidentally  removed  or  destroyed,  since 
the  air  would  thereby  always  pursue  the  nearest  route  to  the  upcast  pit.  Main  stop- 
pings are  made  particularly  secure,  by  strong  additional  stone  buildings,  and  they  are 
set  up  at  different  places,  to  maintain  the  main  air  courses  entire  in  the  event  of  as 
explosion ;  by  which  precautions  great  security  is  given  to  human  life.  This  system  of 
ventilation  may  be  extended  to  almost  any  distance  from  the  pit-hottom,  provided  the 
volume  of  fresh  air  introduced  be  adequate  to  dilute  sufiiciently  the  fire-damp,  so  thtt 
the  mixture  shall  not  reach  the  explosive  point.  The  air,  by  this  management,  ven- 
lilates  first  one  ])anel  of  work,  and  then  other  panels  in  succession,  passing  onwards 
through  the  barriers  or  panel  walls,  by  means  of  galleries,  as  in  ^g.  843,  by  the 
principle  either  of  single,  double,  or  triple  coursing,  according  to  the  quantity  of  gas  h 
the  mine. 

In  ventilating  the  very  thick  coal  of  StafTonlshire,  though  there  is  much  inflammable 
air,  less  care  is  needed  than  in  the  north  of  England  collieries,  as  the  workings  are  very 
roomy,  and  the  air  courses  of  comparatively  small  extent.  The  air  is  conducted  down 
one  shaA,  carried  along  the  main  roads,  and  distributed  into  the  sides  of  woric,  as  shown 
in  Jig.  848.  A  narrow  gallery,  termed  the  air-head,  is  carried  in  the  upper  part  of  the 
coal,  in  the  rib  walls,  along  one  or  more  of  the  sides.  In  the  example  here  figured,  it  n 
carried  all  round,  and  the  air  enters  at  the  bolt-hole  e.  Lateral  openings,  named  spouts, 
are  led  from  the  air-head  gallery  into  the  side  of  work ;  and  the  circulating  stream  mixed 
with  the  gas  in  the  workings,  enters  by  these  spouts,  as  represented  by  the  arrows,  and 
returns  by  the  air-head  at  g,  to  the  upcast  pit. 

When  the  fire-damp  comes  off  suddenly  in  any  case,  rendering  the  air  Ibul  and  explo- 
sive at  the  foreheads,  if  no  other  remedy  be  found  effectual,  the  working  of  the  coal  must 
be  suspended,  and  a  current  of  air  sent  directly  from  the  fresh  in-going  stream,  in  order 
to  dilute  the  explosive  mixture,  before  it  reaches  the  furnace.  This  is  termed  akailtng 
the  air ;  for  otherwise  the  gas  would  kindle  at  the  furnace,  and  flame  backwards,  like  a 
tiain  of  gunpowder,  through  all  the  windings  of  the  work,  canning  devastation  and 
death  in  its  track.  By  akailing  the  air,  however,  time  is  given  for  running  forward 
with  water,  and  drowning  the  furnace.  A  cascade  of  water  from  the  steam  en^ne 
pumps  is  then  allowed  to  fall  down  the  pit,  the  power  of  which,  through  a  faU  of  500  or 
600  feet,  is  so  great  in  carr)'ing  down  a  body  of  air,  that  it  impels  a  sufficient  current 
through  every  part  of  the  workings.  The  ventilation  is  aAerwards  put  into  its  usual 
train  at  leisure. 

In  collieries  which  have  oeen  worked  for  a  considerable  time,  and  particularly  in  such 
as  have  goaves,  creeps,  or  crushed  wastes,  the  disengagement  of  the  fire-damp  from  these 
recesses  is  much  influenced  by  the  state  of  atmospheric  pressure.  Should  this  be  suddenly 
diminished,  as  shown  by  the  fall  of  the  barometer,  the  fire-damp  suddenly  expands  and 
eomes  forth  from  its  retirement,  polluting  the  galleries  of  the  mine  with  its  noxious 
presence.  But  an  increase  of  barometric  pressure  condenses  the  gases  of  the  mine,  and 
restrains  them  within  their  sequestered  limits.  It  is  therefore  requisite  that  the  coal- 
viewer  should  consult  the  barometer  before  inspecting  the  subterraneous  workings  of  an 
old  mine,  on  the  Monday  mornings,  in  order  to  know  what  precautions  must  be  observed 
in  his  personal  survey. 

The  catastrophe  of  an  explosion  in  an  extensive  coal-mine  is  horrible  in  the  extreme. 
Let  us  imagine  a  mine  upwards  of  100  fathoms  deep,  with  the  workings  extended  to  a 
great  distance  under  the  surrounding  country,  with  machinery  complete  in  all  its  parts, 
the  mining  operations  under  regular  discipline,  and  railways  conducted  through  all  its 
ramifications;  the  stoppings,  passing  doors,  brattices,  and  the  entire  ecoBomy  of  the 
mine,  so  arranged  that  every  thing  moves  like  a  well-regulated  machine.  A  mine  of 
this  magnitude  at  full  work  is  a  scene  of  cheering  animation,  and  happy  industry;  the 
sound  of  the  hammer  resounds  in  every  quarter,  and  the  numerous  carriages,  loaded  or 
empty,  passing  swiftly  to  and  fro  from  the  wall  faces  to  the  pit  bottom,  enliven  the 
gloomiest  recesses.  At  each  door  a  little  boy,  called  a  trapper,  is  stationed,  to  open  and 
shut  it.  Every  person  is  at  his  post,  displaying  an  alacrity  and  happiness  pleasingly 
eontrasted  with  the  surrounding  gloom.  While  things  are  in  this  merry  train,  it  has 
but  too  frequently  happened  that  from  some  unforeseen  cause,  the  ventilation  has  partially 
stagnated,  allowing  a  quantity  of  the  fire-damp  to  accumulate  in  one  space  to  the  explo- 
sive pitch ;  or  a  blower  has  suddenly  sprung  forth,  and  the  unsuspecting  miner,  entering 
this  fatal  region  with  his  candle,  sets  the  whok  in  a  blaze  of  burning  air,  which  imme- 
diately suffocates  and  scorches  to  death  every  living  creature  within  its  sphere,  while 
Bultitodes  beyond  the  reach  of  the  flame  are  dashed  to  pieces  by  the  force  of  the  expk>- 
mi^  jNdliBg  Ukt  thwider  aloDg  Ihe  win^^  Sometimes  tlit  csploiiYe  "* — 
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seems  to  linger  in  one  district  for  a  few  moments ;  then  gathering  strength  for  a  giant 
effort,  it  rushes  forth  from  its  cell  with  the  violence  of  a  hurricane,  and  the  speed  of 
lightning,  destroying  every  obstacle  in  its  way  to  the  upcast  shaA.  Its  power  seems  to 
be  irresistible.  The  stoppings  are  burst  through,  the  doors  are  shivered  into  a  thousand 
pieces;  while  the  unfortunate  miners,  men,  w'omen,  and  boys,  are  swept  along  with  an 
inconceivable  velocity,  in  one  body,  with  the  horses,  carriages,  corves,  and  coals.  Should 
«  massive  pillar  obstruct  the  direct  course  of  the  aerial  torrent,  all  these  objects  are 
dashed  against  it,  and  there  prostrated  or  heaped  up  in  a  mass  of  common  ruin,  mutila- 
tion, and  death.  Others  are  carried  directly  to  the  shafl,  and  are  either  buried  there 
amid  the  wreck,  or  are  blown  up  and  ejected  from  the  pit  mouth.  Even  at  this  distance 
from  the  explosive  den,  the  blast  is  oAcn  so  powerful,  that  it  frequently  tears  the  brattice 
walls  of  the  shaA  to  pieces,  and  blows  the  corves  suspended  in  the  shafl  as  high  up  into 
the  open  air  as  the  ropes  will  permit.  Not  unfrequently,  indeed,  the  ponderous  pulley- 
wheels  are  blown  from  the  pit-head  frame,  and  carried  to  a  considerable  distance  in  the 
bosom  of  a  thick  cloud  of  coals  and  coal  dust  brought  up  from  the  mine  by  the  fire-damp, 
whose  explosion  shakes  absolutely  the  superincumbent  solid  earth  itself,  with  a  mimic 
earthquake.  The  dust  of  the  ruins  is  sometimes  thrown  to  such  a  height  above  the  pit 
as  to  obscure  the  light  of  the  sun.  The  silence  which  succeeds  to  this  awful  turmoil  is 
no  less  formidable ;  for  the  atmospheric  back-draught,  rushing  down  the  shaft,  denotes 
the  consumption  of  vital  air  in  the  mine,  and  the  production  of  the  deleterious  choke-damp 
and  azote. 

Though  many  of  the  miners  may  have  escaped  by  their  distance  in  the  workings  from 
the  destructive  blast  and  the  fire,  yet  their  fate  may  perhaps  be  more  deplorable.  They 
hear  the  explosion,  and  are  well  aware  of  its  certain  consequences.  Every  one,  anxious 
to  secure  his  personal  safety,  strains  every  faculty  to  reach  the  pit-bottom.  As  the 
lights  are  usually  extinguishc^l  by  the  explosion,  they  have  to  grope  their  way  in  utter 
darkness.  Some  have  made  roost  marvellous  escapes,  aAer  clambering  over  the  rubbish 
of  fallen  roofs,  under  which  their  companions  are  entombed  ;  but  others,  wandering  into 
uncertain  alleys,  tremble  lest  they  should  encounter  the  pestilential  airs.  At  last  they 
feel  their  power,  and  aware  that  their  fate  is  sealed,  they  cease  to  struggle  with  their  in- 
evitable doom  ;  they  deliberately  assume  the  posture  of  repose,  and  fall  asleep  in  death. 
Such  has  been  too  oAen  the  fate  of  the  hardy  and  intelligent  miners  who  immure  them- 
selves deep  beneath  the  ground,  and  venture  their  lives  for  the  comfort  of  their  fellow- 
men  ;  and  such  frequently  is  the  ruinous  issue  of  the  best  ordered  and  most  prosperous 
mining  concerns. 

In  such  circumstances  the  mining  engineers  or  coal  viewers  have  a  dangerous  and 
difiicult  duty  to  perform.  The  pit  into  which  they  must  descend  as  soon  as  possible,  is 
rendered  unsafe  by  many  causes ;  by  the  wrecks  of  loose  timber  torn  away  by  the 
eruption,  or  by  the  unrespirable  gases ;  by  the  ignition  perhaps  of  a  portion  of  the  coal 
itself,  or  by  the  flame  of  a  blower  of  fire-damp ;  either  of  which  would  produce  violent 
and  repeated  explosions  whenever  the  gas  may  again  accumulate  to  the  proper  degree. 
Sach  a  predicament  is  not  uncommon,  and  it  is  one  against  which  no  human  skill  can 
guard.  Yet  even  here,  the  sense  of  duty,  and  the  hope  of  saving  some  workmen  from  a 
lingering  death  by  wounds  or  suffocation,  lead  this  intrepid  class  of  men  to  descend  amid 
the  very  demons  of  the  mine. 

As  soon  as  the  ventilation  is  restored  by  temporary  brattices,  the  stoppings  and  doors 
are  rebuilt  in  a  substantial  manner,  and  the  workings  are  resumed  with  the  wonted 
activity.  From  an  inspection  of  Jig,  864,  p.  1035,  it  is  obvious  that  the  stability  of  the 
main  stopping  p,  is  an  important  point ;  for  which  reason  it  is  counterforted  by  strong 
walls  of  stone,  to  resist  the  explosive  force  of  fire-damp. 

When  it  is  known  that  fire  exist^  in  the  wastes,  either  by  the  burning  of  the  small 
coal-dust  along  the  roads,  or  from  the  ignition  of  the  solid  coal  by  a  blower  of  gas,  the 
inspection  of  the  mine  is  incomparably  more  hazardous,  as  safety  cannot  be  ensured  for 
an  instant ;  for  if  the  extrication  of  gas  be  great,  it  rapidly  accumulates,  and  whenever  H 
reaches  the  place  where  the  fire  exists,  a  new  explosion  takes  place.  There  have  been 
examples  of  the  most  furious  detonations  occurring  regularly  alter  the  interval  of  about 
an  hour,  and  bein?  thus  repeated  36  times  in  less  than  two  days,  each  eruption  appearing 
at  the  pit  mouth  like  the  blast  of  a  volcano.  It  would  be  madness  for  any  one  to  attempt 
a  descent  in  such  circumstances.  The  only  resource  is  to  moat  up  the  pit,  and  check  the 
combustion  by  exclusion  of  atmospheric  air,  or  to  drown  the  workings  by  letting  the  water 
accumulate  below  ground. 

When  fire  exists  in  the  wastes,  with  less  apparent  risk  of  life,  water  is  driven  upon  it 
by  portable  fire-extinguishing  engines,  or  small  cannon  are  discharged  near  the  burning 
eoa],  and  the  concussion  thus  produced  in  the  air  ^petimes  helps  to  extinguish  the  flame. 

Since  the  primary  cause  of  these  tremendous  catastrophes  is  the  accension  of  the 
explosive  gases  by  the  candle  of  the  mii^r,  it  has  been  long  a  desideratum  to  procure 
light  of  such  a  nature  as  may  not  poss^rys  the  power  of  kindling  the  fire-damp.  The 
train  of  light  producible  firoin  the  firiction  of  flintgand  feteel,  by  a  mechanism  called 
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a  tied  milly  has  been  long  known,  and  afforded  a  tolerable  gleam,  with  which  the  minen 
were  oblis[ed  to  content  themselves  in  hazardoas  atmospheres. 

It  consists  of  a  small  frame  of  iron,  mounted  with  a  wheel  and  pinion,  which  give  rapid 
rotation  to  a  disk  of  hard  steel  placed  upright,  to  whose  edge  a  piece  of  flint  is  applied. 
The  use  of  this  machine  entailed  on  the  miner  the  expense  of  an  attendant,  called  the 
miller,  who  save  him  light.  Nor  was  the  light  altogether  safe,  for  occasionaUj  the  ignited 
shower  of  steel  particles  attained  to  a  sufficient  heat  to  set  fire  to  the  fire-4amp. 

At  length  the  attention  of  the  scientific  world  was  powerfully  attracted  to  the  means  of 
lighting  the  miner  with  safety,  by  an  awful  catastrophe  which  happened  at  Felling  Col- 
liery, near  Newcastle,  on  the  2dth  May,  1812.  This  mine  was  working  with  great  vigor, 
under  a  well-regulated  system  of  ventilation,  set  in  action  by  a  furnace  and  air-tobe,  placed 
over  a  rise  pit  in  elevated  ground.  The  depth  of  winning  was  above  100  fathoms ;  25 
acres  of  coal  had  been  excavated,  and  one  pit  was  yielding  at  the  rate  of  1700  tons  per 
week.  At  1 1  o'clock  in  the  forenoon  the  night  shift  of  miners  was  relieved  by  the  day 
shift;  121  persons  were  in  the  mine,  at  their  several  stations,  when,  at  half-past  11,  the 
gas  fired,  with  a  most  awful  explosion,  which  alarmed  all  the  neighboring  villages.  The 
subterraneous  fire  broke  forth  with  two  heavy  discharges  from  the  dip-pit,  and  these  were 
instantly  followed  by  one  from  the  rise-pit.  A  slight  trembling,  as  from  an  earthquake, 
was  felt  for  about  half  a  mile  round  the  colliery,  and  the  noise  of  the  explosion,  thongh 
dull,  was  heard  at  from  3  to  4  miles'  distance.  Immense  quantities  of  dust  and  smaU 
eoal  accompanied  these  blasts,  and  rose  high  into  the  air,  in  the  form  of  an  inverted  cone. 
The  heaviest  part  of  the  ejected  matter,  such  as  corves,  wood,  and  small  coal,  fell  near 
the  pits ;  but  the  dust,  borne  away  by  a  strong  west  wind,  fell  in  a  continuous  shower  a 
mile  and  a  half  from  the  pit.  In  the  adjoining  village  of  Heworth  it  caused  a  darkneai 
like  that  of  early  twilight,  covering  the  roads  where  it  fell  so  thickly  that  the  footsteps 
of  passengers  were  imprinted  in  it.  The  heads  of  both  shafl-frames  were  blown  off, 
their  sides  set  on  fire,  and  their  pulleys  shattered  to  pieces.  The  coal-dust  ejected  from 
the  rise-pit  into  the  horizontal  part  of  the  ventilating  tube,  was  about  3  inches  thick, 
and  speedily  burnt  to  a  cinder;  pieces  of  burning  coal,  driven  off  the  solid  stratum  of  the 
mine,  were  also  blown  out  of  this  shaA.  Of  the  121  persons  in  the  mine  at  the  time  of 
the  explosion,  only  32  were  drawn  up  the  pit  alive,  3  of  whom  died  a  few  hours  after  the 
accident.  Thus  no  less  than  92  valuable  lives  were  instantaneously  destroyed  by  this 
pestilential  fire  damp.  The  scene  of  distress  among  the  relatives  at  the  pit  mouth  was 
indescribably  sorrowful. 

Dr.  W.  Reid  Clanny,  of  Sunderland,  was  the  first  to  contrive  a  lamp  which  might  bun 
among  explosive  air  without  communicating  flame  to  the  gas  in  which  it  was  plunged. 
This  he  effected,  in  1813,  by  means  of  an  air-tight  lamp,  with  a  glass  front,  the  flame  of 
which  was  supported  by  blowing  fresh  air  from  a  small  pair  of  bellows  through  a  stratum 
of  water  in  the  bottom  of  the  lamp,  while  the  heated  air  passed  out  through  water  by  a 
recurved  tube  at  top.  By  this  means  the  air  within  the  lamp  was  completely  insulated 
from  the  surrounding  atmosphere.  This  lamp  was  the  first  ever  taken  into  a  body  of  in- 
flammable air  in  a  coal-mine,  at  the  exploding  point,  without  setting  fire  to  the  gas  around 
it.  Dr.  Clanny  made  another  lamp  upon  an  improved  plan,  by  introducing  into  it  the 
steam  of  water  generated  in  a  small  vessel  at  the  top  of  the  lamp,  heated  by  the  flame. 
The  chief  objection  to  these  lamps  is  their  inconvenience  in  use. 

Various  other  schemes  of  safe-lamps  were  offered  to  the  miner  by  ingenious  mechani- 
cians, but  they  have  been  all  superseded  by  the  admirable  invention  of  Sir  H.  Davy, 
founded  on  his  fine  researches  upon  flame.  The  lamp  of  Da\'y  was  instantly  tried  and 
approved  of  by  Mr.  Buddie  and  the  principal  mining  engineers  of  the  Newcastle  district. 
A  perfect  security  of  accident  is  therefore  afforded  to  the  miner  in  the  use  of  a  lamp  which 
transmits  its  light,  and  is  fed  with  air,  through  a  cylinder  of  wire  gauze ;  and- this  inven- 
tion has  the  advantage  of  requiring  no  machinery,  no  philosophical  knowledge  to  direct 
its  use,  and  is  made  at  a  very  cheap  rate. 

In  the  course  of  a  long  and  laborious  investigation  on  the  properties  of  the  fire^amp^ 
and  the  nature  and  communication  of  flame.  Sir  H.  Davy  ascertained  that  the  explosions 
of  inflammable  gases  were  incapable  of  1>eing  passed  through  long  narrow  metallic  tubes; 
and  that  this  principle  of  security  was  still  obtained  by  diminishing  their  length  and 
diameter  at  the  same  time,  and  likewise  diminishing  their  length,  and  increasing  their 
number,  so  that  a  great  number  of  small  apertures  would  not  pass  an  explosion,  when 
their  depth  was  equal  to  their  diameter.  This  fact  led  him  to  trials  upon  sieves  made  of 
wire-gauze,  or  metallic  plates  perforated  with  numerous  small  holes ;  and  he  found  it  was 
impossible  to  pass  explosions  through  them. 

The  apertures  in  the  gauze  should  never  be  more  than  ]-20th  of  an  inch  square.  lo 
the  working  models  sent  by  Sir  H.  to  the  mines,  there  were  748  apertures  in  the  square 
inch,  and  the  wire  was  about  the  40th  of  an  inch  diameter.  The  cage  or  cylinder  of 
wire-gauze  should  be  made  by  double  joinings,  the  gauze  being  folded  over  in  such  a 
manner  as  to  leave  no  apertures.  It  should  not  be  more  than  two  inches  in  diameter ; 
ior  in  laige  cylindeiB  the  combustion  of  the.  fire-damp  renders  the  top  incoDTenieBtlf 
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hot ;  and  a  double  top  is  always  a  proper  precaation,  fixed  at  a  distance  of  about  half  an 
inch  above  the  first  lop.  The  gauze  cylinder  should  be  fastened  to  the  lamp  by  a  screw 
of  4  or  5  tarns.  All  joinings  in  the  lamp  should  be  made  with  hard  solder;  and  the 
security  depends  upon  the  condition,  that  no  aperture  exists  in  the  apparatus  larger  than 
in  the  wire  gauze. 

The  forms  of  the  lamp  and  cage,  and  the  mode  of  burning  the  wick,  may  be  greatly 
diversified ;  but  the  principle  which  ensures  their  safety  must  be  strictly  attended  to.  See 
X«ABtp  OF  Davy,  Safety  Lamp,  and  Ventilation. 

The  state  of  the  air  in  coal  mines,  from  very  early  periods  till  the  discovery  of  the 
safe-lamp,  was  judged  of  by  the  appearances  exhibited  by  the  flame  of  a  candle;  and 
this  test  must  in  many  circumstances  be  still  had  recourse  to.  When  there  is  merely  a 
defect  of  atmospheric  oxygen,  the  air  boing  also  partially  vitiated  by  a  little  carbonic  acid, 
either  from  choke-damp  or  the  lungs  and  candles  of  the  miners,  the  lights  burn  with  a 
Tery  dull  flame,  the  tallow  ceases  to  melt  in  the  cup  formed  round  the  wick,  till  the  flame 
flickers  and  expires.  In  this  case  the  candle  may  be  kept  burning  by  slanting  it  more  or 
less  towards  a  horizontal  position,  which  causes  the  tallow  to  melt  with  the  edge  of  the 
flame.  The  candle  is  thus  rapidly  wasted,  however ;  and  therefore  an  oil  lamp  is  prefer- 
able, as  it  continues  to  burn  where  a  candle  would  be  extinguished.  The  candles  of  the 
collier  are  generally  small,  with  a  very  small  wick ;  such  being  found  to  produce  a  more 
distinct  flame  than  candles  of  a  large  size  with  a  thick  wick. 

In  trying  the  quality  of  the  air  by  the  flame  of  a  candle,  the  wick  must  be  trimmed 
by  taking  off  the  snuflT,  so  as  to  produce  a  clear,  distinct,  and  steady  burning  flame. 
When  a  candle  thus  trimmed  is  looked  at  in  common  air,  a  distinct  and  well-defined  cone 
of  flame  is  seen,  of  a  fine  sky-blue  at  the  bottom  next  the  wick,  and  thence  of  a  bright 
yellow  to  the  apex  of  the  cone.  Besides  this  appearance,  there  is  another,  surrounding 
the  cone,  which  the  brightness  of  the  flame  prevents  the  eye  from  discerning.  This  may 
be  seen  by  placing  one  of  the  hands  expanded  as  a  screen  betwixt  the  eyes  and  the 
candle,  and  at  the  distance  of  about  an  inch,  so  that  the  least  point  of  the  apex  of  the 
yellow  flame  may  be  seen,  and  no  more.  By  this  method,  a  top,  as  the  miners  term  it, 
will  be  distinctly  observed  close  to  the  apex  of  the  yellow  flame,  from  an  eighth  to  a 
quarter  of  an  inch  in  length.  This  top  is  of  a  yellowish-brown  color,  and  like  a  misty 
haze.  This  haze  is  seen  not  only  on  the  top,  but  it  extends  downwards  and  surrounds 
the  flame  fully  half  way,  about  a  twentieth  of  an  inch  in  thickness ;  here  it  assumes  a 
violet  color,  which  passes  into  a  beautiful  blue  at  the  bottom  next  the  wick.  The  test  of 
the  state  of  the  air  in  mines,  or  "  trying  the  candle,"  as  practised  by  miners,  depends 
entirely  on  the  appearance  which  this  haze  assumes  in  shape  and  color  at  the  top  of  the 
flame.  In  fact,  thb  top  has  distinct  appearances  when  burning  in  atmospheric  air,  car- 
bonated air,  azotized  air,  or  fire-damp  air ;  displaying  many  modifications,  according  to 
the  proportions  of  the  various  admixtures. 

When  azote  or  carbonic  acid  abounds,  the  top  is  frequently  an  inch  or  two  in  length, 
of  a  decided  brown  color,  and  the  fiame  is  short  and  dim.  When  they  are  still  more 
copious,  the  flame  goes  out,  and  the  miners  immediately  retire. 

When  inflammable  air  is  imagined  to  exist  in  considerable  quantity,  the  miner  trims 
his  candle,  and  advances  with  cautious  step,  holding  the  candle  with  the  left  hand,  and 
screening  the  flame  with  the  right ;  and  as  the  fir&damp  floats  in  the  upper  part  of  the 
gallery  next  the  roof,  he  holds  the  candle  as  low  as  he  can,  and  keeping  his  eye  fixed  on 
Uie  tip,  he  moves  forwards.  If  the  gas  be  small  in  quantity,  he  may  reach  the  forehead 
without  observing  any  material  change  in  his  light.  But  if  in  his  advance  he  perceives 
the  tip  to  elongate,  and  take  a  bluish-gray  color,  he  is  put  on  his  guard,  and  steps  on 
with  much  caution ;  and  if  the  tip  begins  to  spire,  he  drops  down  on  one  knee,  and  hold- 
ing the  candle  near  the  pavement,  gradually  raises  it  up,  and  watches  the  change  it  under- 
goes as  it  approaches  the  roof.  If  the  gas  be  copious,  the  flame  elongates  into  a  sharp 
spire,  as  well  as  the  top.  It  is  in  general  reckoned  dangerous  when  the  ttp  changes  from 
the  bluish-gray  to  a  fine  blue  color,  accompanied  with  minute  luminous  points,  which  pass 
rapidly  upwards  through  the  flame  and  top.  When  the  symptoms  are  manifestly  danger- 
ous, a  sudden  movement  of  the  hands  or  body  is  liable  to  produce  ignition  by  agitation 
of  the  fire-damp.  The  experienced  miner  therefore  slowly  and  cautiously  lowers  his 
candle  to  the  pavement,  and  then  turning  round,  effects  his  retreat  slowly,  or  slips  up 
hb  ri^ht  hand  and  extinguishes  the  flame  with  his  finger  and  thumb.  Should  he  venture 
Coo  far,  and  approach  the  body  of  gas  in  an  explosive  condition,  the  tip  of  the  candle 
rapidly  elongates,  and  the  whole  rises  in  a  sharp  spire  several  inches  in  length ;  and  then 
the  whole  surrounding  atmosphere  is  in  a  blaze,  an  explosion  ensues,  and  destructive 
ravage  is  the  consequence,  to  an  extent  proportioned  to  the  quantity  of  fire-damp.  See 
Safety  Lamp,  and  Ventilation. 

This  trying  the  candle  is  a  delicate  operation,  requiring  much  practical  sagacity,  where 
the  lives  of  so  many  men,  and  the  welfare  of  the  whole  establishment,  are  at  stake. 
Almost  every  colliery,  after  having  been  worked  for  some  time,  gives  a  peculiar  top  to 
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Ibe  enailt ;  m  Ihat  while  in  one  mine  liable  to  fire-dunp  u  rrplMkm  win  take  ptw 
wilb  a  lop  len  Ihan  an  inch  1ud)[,  in  aaotiier  mine  ihe  top  mar  be  two  incha  higb,  uj 
jel  the  air  be  coosiderably  under  the  paint  of  acpen!>ian.  Theje  differences  depend  oi 
■everal  particulan.  ir  the  gai  has  not  pa«aed  through  a  lone  coanm  aC  TenlilKtion,  tii 
ti  little  miied  with  air,  it  will  ignite  with  a  very  short  lop ;  wliile,  on  the  other  hajid,  a 
gt«  which  has  run  throanh  a  ventilation  oT  20  or  30  miJes  may  canie  the  prodnetion  rf 
K  h>n^  top  without  hazard.  It  is  hence  obvious,  that  skijrul  eiperience,  and  thoron^ 
practical  knowledge,  are  the  only  sure  guides  in  these  eases. 

We  shall  now  describe  briefly  the  modern  modes  uf  working  coals  a-dippin^  of,  tad 
deeiier  Ihan,  the  engine-pit  bottom.  One  of  these  consists  in  laying  n  working  jnsf 
barrel  witlua  long  wind-bore  at  the  bottom  of  the  downsel  mine,  furnished  with  a  smootk 
rod  working  th[0UE:h  a  collar  at  the  lop  of  the  working  barrel.  At  one  side  of  this, 
near  the  top,  a  kneed  pipe  is  altachcd,  and  from  it  pipe*  an  carried  to  the  point  tf 
delivery,  either  at  ihc  enaine  pit  bottom  or  day  level,  as  represented  in  fig.  8G6. 
The  spears  are  worked   sonictinies    by   rods  connected   with   the  machinery  at  the 

866  ffn       :i      surface ;  in  which  case  the  spears,  if  very  long,  are  either  sus- 

pended from  swin^  or  pendulum  rods,  or  move  on  friction 
I  )        |[      rollers.     ---■-■--■ 


1^^  II  J  velocity  the  lotat  lenelh  of  the  engine  stroke,  very  soon  tru 
\/  c  every  thing  to  pieces,  the  motion  of  the  spears  under  frround  hi 
*  been  reduced  from  6  or  S  feet,  the  length  of  the  engine  siroki 


1  about   15   inches;  and    the     due   speed   in   the   pnmp  is 

"  effected  by  the  centring  of  a  beam,  and  the  attachment  ot  the 

spears  to  it,  ns  represented  in  fig.  867,  where  a  is  the  working 

teirrel,   b   the   beam   centred    at    e,   having   an    arc-head  and 

martingale  sinking-fhain.     The  spears  d  are  fastened  by  a 

;  bolt,  which  passes  through  the  beam ;  and  there  are  sevrml  boles,  by 

s  of  which  the  stroke  in  the  pumps  can  be  lengthened  or  shoTlened  al 

rnience.      The  movement  of  the  Spears  is  regulated  by  a  strong  ifoa 

quadrant  or  wheel  at  the  bottom. 

'n  level-free  coals,  these  pumps  may  be  worked  by  a  vraler-wheel,  stationed 
I  I  t  iiE.>i'  the  bottom  of  the  pit,  impelled  by  water  falling  down  the  shaA,  to  be 
I'^discharged  by  the  level  to  the  day  (day-level). 
fflSW  But  the  preferable  plan  of  working  under-dip  coal,  is  that  recently 
adopted  by  the  Newcastle  engineers;  and  consists  in  running  a  mine  a-dipping  of  the 
eofine-pil,  in  such  direction  of  the  dip  as  is  most  convenient;  and  both  coals  aid 
water  are  brought  up  the  rise  of  the  coal  by  means  of  hixh-pressDre  engines,  working 
with  a  power  of  from  30  to  50  pounds  on  the  sr|uare  inch.  These  machines  are 
quite  under  cummand,  and,  producing  much  power  in  little  f^pace,  they  are  the  most 
applicable  for  underground  work.  An  eicavation  is  made  for  them  in  the  strata  above 
the  coal,  and  the  air  used  for  the  furnnee  under  th<!  boiler,  is  the  returned  air  of  the 
mine  ventilation.  In  the  dip-mine  a  double  tram-road  is  laid;  so  that  while  n  number 
of  loaded  corves  arc  ascending,  an  equal  number  of  empty  ones  are  goin^  down. 
Although  this  improved  method  has  been  introduced  only  a  few  years  back,  under-dip 
workings  have  been  already  eiecnled  more  than  an  English  mile  under-dip  of  the 
engine-pit  bottom,  by  means  of  three  of  thpse  high-pressure  engines,  placed  at  eijnal 
distances  in  the  under-dip  mine.  It  may  hence  be  inferred,  that  this  mode  of  working 
is  susceptible  of  most  extensive  application  ;  and  in  place  of  sinking  pits  of  eicessive 
depth  upon  the  dip  of  the  coal,  at  an  almost  ruinous  expense,  much  of  the  nnder-dip  coal 
will  In  future  be  worked  by  means  of  the  actual  engine-pits.  In  the  Newcaille  district, 
coals  are  now  workiuK  in  an  engine  pit  115  fathoms  deep  under-dip  of  the  engine-pit 
bottom,  above  1600  yards,  and  fully  SO  fathoms  of  perpendicular  depth  more  than  the 
bottom  of  the  pit. 
If  an  engine-pit  be  sunk  to  a  given  coat  at  a  certain  depth,  all  the  other  coals  of  the 
—  coal-field,  both  above  and  below  the 

coal  sunk  to,  can  be  drained  nd 
worked  to  the  same  depth,  bv  driving 
ft  level  cross-cut  mine,  both  to  the 
^  dip  and  rise,  till  all  the  coals  are  in- 
tersecleil,  as  represented  in  fig.  868, 
where  a  is  the  engine-pit  bottom  reaching  to  the  coal  a ;  and  b,  c,  d,  t,f,  cools  lyint 
above  the  coal  a  i  the  coals  which  lie  below  il,  e.  A,  t ;  k  is  the  forehead  of  the  cross-cut 
mine,  intersecting  all  the  lower  coals ;  and  (,  the  other  forehead  of  the  mine,  intersectini 
all  the  upper  coals. 

In  the  "  Report  from  the  select  commillee  of  the  House  of  Lords,  appointed  to  take 
mlo  consideration  the  state  of  the  coal  trade  in  the  United  KinRilom,"  printed  in  June, 
1829,  under  the  head  of  Mr.  Buddie's  evidence  we  hn\  e  on  eicellent  description  of  Ih* 
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and  progress  of  creeps,  which  we  have  adverted  to  in  the  preceding  acconnL 
lexcd  Jig,  869  exhibits  the  creep  in  aU  its  progressive  stages,  from  its  commence- 
itil  it  has  completely  closed  all  the  workings,  and  crushed  the  pillars  of  coaL 
:tion  of  the  figures  supposes  us  standing  on  the  level  of  the  different  galleries 
re  opened  in  the  seam.  The  black  is  the  coal  pillars  between  each  gallery ;  when 
e  weakened  too  much,  or,  in  other  words,  when  their  bases  become  too  narrow  for 
ement  below,  by  the  pressure  of  the  incumbent  stratification,  they  sink  down  into 
•ment,  and  the  first  appearance  is  a  little  curvature  in  the  bottom  of  each  gallery : 
he  first  s}'mptom  obvious  to  sight ;  but  it  may  generaUy  be  heard  before  it  is  seen. 
:t  stage  is  when  the  pavement  b^ins  to  open  with  a  crack  longitudinally.  The 
ige  is  when  that  crack  is  completed,  and  it  assumes  the  shape  of  a  metal  ridge. 
:t  is  when  the  metal  ridge  reaches  the  roof.  The  next  stage  is  when  the  peak 
letal  ridge  becomes  flattened  by  pressure,  and  forced  into  a  horizontal  direction, 
>mes  quite  close ;  just  at  this  moment  the  coal  pillars  begin  to  sustain  part  of  the 
!.  The  next  is  when  the  coal  pillars  take  part  of  the  pressure.  The  last  stage 
it  is  dead  and  settled ;  that  is,  when  the  metal  or  factitious  ridge,  formed  by  the 
of  the  pillar  into  the  pavement,  bears,  in  common  with  the  pillars  of  coal  on  each 
!  full  pressure,  and  the  coal  becomes  crushed  or  cracked,  and  can  be  no  longer 
except  by  a  very  expensive  and  dangerous  process.     Fig,  869. 

1      669        2  3  4  5  6 


-St  stage  of  active  creep.  5.  The  metal  ridge  closed,  and  the  creep 

:ond    do.  beginning  to  settle, 

ird      do.  6.  The  creep  settled,  the  metal  ridges  being 

urth    do.  closely  compressed,  and  supporting  the  roof. 

[uantity  of  coals,  cinders,  and  culm  shipped  coastwise,  and  exported  from  the 
yoTls  of  the  United  Kingdom  in  the  year  1837,  was  8,204,301  tons ;  in  1836,  the 

was  7,389,272  tons,  being  an  increase  of  815,029  tons,  or  11-03  per  cent,  in 

1837. 

bllowing  Table  shows  the  separate  proportions  of  this  quantity  supplied  by 
and  Wales,  Scotland  and  Ireland  : — 


1836. 

1837. 

Increase. 

land  and  Wales     • 
Jand  ... 
ind       -        -        - 

Tons. 
6,757,937 
624,308 
7,027 

Ton*. 
7,570,254 
626,532 
7,515 

Tons. 

812,317  or  1202  per  cent. 
2,204  -     0-36 
488  -     6-94 

Total      - 

7,389,272 

8,204,301 

815,029  or  11-03  percent. 

OAL,  COKING  OF.    See  also  Charcoal. 

70  represents  a  shachio/en,  or  pit-kiln,  for  coking  coals  in  Germany,  a  is  the 
870  lining  {chemise),  made  of  firebricks ;  the  enclosing 

walls  are  built  of  the  same  material ;  b,  b,  is  a  cast- 
iron  ring  covered  with  a  cast-iron  plate  c.  The 
floor  of  the  kiln  is  massive.  The  coals  are  in- 
troduced, and  the  coke  taken  out,  through  a  hole 
in  the  side  d  ;  during  the  process  it  is  bricked  up, 
and  closed  with  an  iron  door.  In  the  surrounding 
walls  are  4  horizontal  rows  of  flues  e,  «,  e,  e,  which 
are  usually  iron  pipes ;  the  lowest  row  is  upon  a 
level  with  the  floor  of  the  kiln ;  and  the  others  are 
each  respectively  one  foot  and  a  half  higher  than 
the  preceding.  Near  the  top  of  the  shaA  there  is 
an  iron  pipe  /,  of  from  8  to  10  inches  in  diameter, 
which  allows  the  incoercible  vapors  generated  in 
the  coking  to  escape  into  the  condenser,  which 
consists  either  of  wood  or  brick  chambers.  For 
kindling  the  coal,  a  layer  of  wood  is  first  placed 
on  the  iKittom  of  the  kiln. 

>king  of  small  coal  is  performed  upon  vaulted  hearths,  somewhat  like  bakers' 

It  with  still  flatter  roofs.    Of  such  kilns,  several  are  placed  alongside  one  anotheri 
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each  beinf  an  ellipw  deriklinf  littk  ttom  a  ciirle,  w>  tk« 
the  Qkoulh  mny  project  bul  ■  small  space.  The  dimeaum 
are  »ach,  Ihal  from  10  lo  12  eabic  feel  of  coal-culm  maf  h 
Ipread  in  a  layer  6  inches  deep  upon  tbe  >o]e  of  Ihe  funitce. 
Tbe  lop  of  the  flat  arch  ot  fire  brick  should  be  coTcnd  wilk 
■  Etralum  of  loam  and  wnd. 

Fif).  671  and  STi  represeat  such  a  kiln  as  U  moniKl 
at  Zabne,  in  UppecSileiia,  for  coking  small  coal.  Ft;.  87] 
is  the  (round  plan ;  Jig.  872  the  verlical  Kdion  in  Um 
line  of  (he  long  ails  of  ^;.  871.  a,  is  the  saixl-bed  of  iIk 
henrtb,  under  the  brick  sole ;  b,  is  the  roof  of  larse  fire- 
bricks;  c,  (hecorerine  of  loam  ;  d,  the  lop  surace  orsaad; 
t,  the  orifice  io  the  front  wail,  for  admission  of  Ihe  cnti^ 
and  removal  of  the  coke,  over  Ihe  sloping  «tone  /  Tfct 
Same  and  vapors  puss  oif  above  lliis  orifice,  through  tie 
chimney  marked  g,  or  Ihrauzta  Ihe  aperture  k,  into  a  lalrnl 
chimney,  i,  is  a  bar  of  iron  laid  across  the  front  nf  the 
o  work  the  iron  rake  upon.  A  layer  of  coals  is  £rsl  kindled  npiia 
the  hearth,  and  when  this  is  in  brisk  ignition,  it  is  covered  with  tbe  culm  in  succcnirt 
sprinklings.     When  tbe  coal  is  sulGcienlly  coked,  it  ii  raked  out,  and  quenched  will 

Fig.  673  represents  a  simple  coking  mtiitr  m  mound,  conatructed  in  a  citculai  term 


round  a  cenlral  chimney  of  loose  bricks,  towards  which  small  hnrizontol  flues  arc  liil 
■mon;  the  lumps  of  coals.  The  sides  and  lOp  are  covered  with  culm  or  sUA,  and 
the  heap  is  kindled  fVom  certain  openinlrs  lowanis  the  circa mference.  Fif.  874  rcprt- 
tenis  an  oblong  mtiUr,  sometimes  made  100  or  150  feel  in  length,  and  from  10  to  12  in 
breadth.  The  section  in  Ihe  middle  of  the  fissure  shows  how  Ihe  lumps  are  piled  up;  Ihe 
wooden  slakes  are  lifted  out  when  the  lienp  is  finished,  in  order  to  introduce  kiadlinp 
at  various  points ;  and  [he  rest  of  the  meiirr  is  then  covered  with  slack  and  clay,  lo  pn- 
lect  it  from  the  rains.    A  jet  of  smoke  and  flame  is  seen  issuing  from  its  IcA  end. 

An  excellent  range  of  furnaces  for  making  a  superior  article  of  coke,  for  Ihe  >eiTice 
of  the  locomotive  engines  of  Ihe  London  and  Birmingham  Railway  Company,  has  b«« 
lecenlly  erected  al  Ihe  Camden  Town  station;  consisting  of  IS  ovens  in  two  lines,  Ihe 
whole  ditchargiog  their  products  of  combustion  into  ■  horizontal  floe,  which  termiaats 
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!l  wide  onUide,  luid  sboiil  21  feet  withia.  b,  b,  ve  Ihe  entrance!  inlo  the  floe;  ihej 
ly  be  «hut  more  or  leu  eomplelely  by  boriionWI  ilatn  of  fire-brick,  resUn^'on  iron  IVame^ 
wieit  in  tiom  behind,  lo  modiiy  Ihe  draught  of  air.  The  grooves  at  lbe»e  damper- 
iba  admit  a  small  stream  of  air  to  coniplele  the  comboslion  of  the  volatiliied  parliclei 
•oot.  By  Ibis  means  the  smoke  is  well  consamed.  Tbe  flue  c,  c,  is  H  feet  higli, 
liy  21  inrliFs  Hjiic.  The  chimncj  J,  al  ilit  kvd  of  the  flue,  it 
II  feel  in  diameler  inside,  and  17  outside;  being  built  fFotD  an 
eleiranl  deii^ni  of  Robert  Slepbenson,  Eiq.  (See  Chimnet.) 
d,  d,  ate  tbe  keys  oT  tbe  inra  hoops,  which  bind  Ihe  brickwork  of 
Ifaeoveu.  Fii(.  8T6  isaTertical  section  in  the  line  A,  b,  of /g. 
679,  showing,  al  b,  A,  and  i,  c,  tbe  entrance!  of  tbe  diOerent  oieni 
into  the  horizontal  fine  ;  the  direelion  of  ihc  draui;bt  beins  indi- 
cated by  the  arrows.  /,/,  is  a  bed  of  concrele,  upon  which  the 
whole  Ibrunee-range  is  built,  the  level  of  Ihe  ground  being  in  Ihe 
middle  of  thai  bed.  g  is  a  stanchion  on  which  the  crane  ii 
mounted  j  (sec^g.  877.)  A  is  a  section  of  Ihe  chimney  wall,  wilb 
■  part  of  the  interior  to  Ihc  led  of  the  strong  line.  Fig.  877  is  • 
iVoal  elevation  of  two  of  these  elegant  coke-ovens ;  in  which  the 


«ing  hoops  t,  I,  t,  are  shown ;  k,  k,  are  Ihe  cast  iron  doors,  strengthened  outside  with 
foaai  ridges ;  each  door  being  51  ieet  high,  by  4  feet  wide,  and  lined  iDlernally  with 
vbiicks.  They  are  raised  and  lowered  by  means  of  chains  and  eonnlerweighia,  moved 
the  crane  1. 

Bach  alternate  oven  is  charged,  between  8  and  JO  o'clock  every  morning,  with  3^  tons 
good  coali.  A  wisp  of  straw  is  thrown  in  on  the  top  of  the  heap,  which  takes  fiie  by 
radiation  from  the  dome  (whicli  is  in  a  stale  of  dull  ianition  from  the  preceding  opera- 
]),  and  inflames  ihe  smoke  then  rising  from  ihe  surface,  by  the  le-aetion  of  Ihe  hot 
S77  sides  and  liotlODi 

in  the  body  of 
fuel.  In  Ihii 
.  the  smoke  is 
insumed  al  the 


ce,  procured,  Hcunrfum  arlem,  a  parcel  of  allijnvils  from  sundry 
■micnl  mid  medical  men.  Two  of  the  former,  who  had  not  entered  the  premises,  but 
I  «s|>ied  the  outside  of  the  fumaces'  range  at  some  distance,  declared  Ihat "  ihe  coking 
icess,  as  performed  al  the  ovens,  is  a  species  of  distillation  of  coal  t"  How  rashly  do 
praclicnl  theorists  affirm  whal  ii  otteily  unToanded,  and  mislead  an  unscientific 
gc  ■  That  tbe  said  coking  process  is  in  no  respect  a  species  of  distillation,  but  a 
aplete  cumhuslion  of  the  volatile  principles  of  the  coal,  will  be  manifest  from  the 
lowing  description  of  its  actual  progress.  The  mass  of  coals  is  first  kindled  al  tha 
&ee,  as  above  stated,  where  it  is  supplied  with  abundance  of  atmospheric  oxygen  [ 
aOK  the  door*  of  Ihe  ovens  in  front,  and  tbe  throal-venls  behind,  are  then  left  opot. 
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The  consequence  is,  that  no  more  smoke  is  discharged  from  the  top  of  the  chimnej,  tt 
this  the  most  sooty  period  of  the  proces5,  than  is  produced  hy  an  ordinary  kitchen  firb 
In  these  oircnmstances,  the  coaJ  gas,  or  other  gas,  supposed  to  be  generated  in  the  slight 
heated  mass  beneath,  cannot  escape  destruction  in  piassing  up  through  the  bright  opci 
flame  of  the  oven.  As  the  coking  of  the' coal  advances  roost  slowly  and  regukify 
from  the  top  of  the  heap  to  the  bottom,  only  one  layer  is  affected  at  a  time,  and  in  succct* 
sion  downwards,  while  the  surface  is  always  covered  with  a  stratum  of  redhot  cindcfi, 
ready  to  consume  every  particle  of  carbureted  or  sulphureted  hydrogen  gases  which  may 
escape  from  below.  The  greatest  mass,  when  calcined  in  this  downward  order,  eanaot 
emit  into  the  atmosphere  any  more  of  the  above-mentioned  gases  than  the  smallest  heap; 
and  therefore  the  argument  raised  on  account  of  the  magnitude  of  the  operations,  is  alUv 
gether  fallacious. 

The  coke  bein?  perfectly  freed  from  all  fuliginous  and  volatile  matters  by  a  calcinatioa 
of  upwards  of  40  hours,  is  cooled  down  to  moderate  ignition  by  sliding  in  the  dampen^ 
and  sliding  up  the  doors,  which  had  been  partially  closed  during  the  latter  part  of  1^ 
process.  It  is  now  observed  to  form  prismatic  concretions,  somewhat  like  a  columoir 
mass  of  basalt.  These  are  loosened  by  iron  bars,  lifted  out  upon  shovels  fomishd 
with  long  iron  shanks,  which  are  poised  upon  swing  chains  with  hooked  ends,  and  the 
lumps  are  thrown  upon  the  pavement,  to  be  extinguished  by  sprinkling  water  npoa 
them  from  the  rose  of  a  watering>can ;  or,  they  might  be  transferred  into  a  laige 
chest  of  sheet-iron  set  on  wheels,  and  then  covered  up.  Good  coals  thus  treated,  yidd 
80  per  cent,  of  an  excellent  compact  glistening  coke;  weighing  about  14  cwt.  per  chal- 
dron. 

The  loss  of  weight  in  coking  in  the  ordinary  ovens  is  usually  reckoned  at  25  per  cent; 
and  coal,  which  thus  loses  one  fourth  in  weight,  gains  one  fourth  in  bulk.  .    • 

Laborers  who  have  been  long  employed  at  rightly-constmcted  coke  ovens,  seem  to  en- 
joy remarkably  good  health. 

PITTACALL  is  one  of  the  6  curious  principles  detected  in  wood-tar  by  Reichenbach. 
It  is  a  dark-blue  solid  substance,  somewhat  like  indigo,  assumes  a  metallic  fiery  lustre  oa 
IViction,  and  varies  in  tint  from  copper  to  golden.  It  is  void  of  taste  and  smell,  not  vola- 
tile ;  carbonizes  at  a  high  heat  without  emitting  an  ammoniacal  smell;  is  soluble  or  rather 
very  diffusible  in  water;  gives  a  green  solution  with  a  cast  of  crimson,  in  sulphuric  acid, 
with  a  cast  of  red  blue,  in  muriatic  acid,  and  with  a  cast  of  aurora  red,  in  acetic  add.  It 
is  insoluble  in  alkalis.  It  dyes  a  fast  blue  upon  linen  and  cotton  goods,  with  tin  and  alu- 
minous mordants. 

PLASTER ;  See  Mortar. 

PLASTER  OF  PARIS ;  see  Gvfsl  m. 

PLATED  MANUFACTURE.  {Fahriqxit  de  plaqui,  Fr.;  SUber  plattirung.  Germ.) 
The  silver  in  this  case  is  not  applied  to  ingots  of  pure  copper,  but  to  an  alloy  coaststing 
of  copper  and  brass,  which  possesses  the  requisite  stiffness  for  the  various  articles. 

The  furnace  used  for  melting  that  alloy,  in  black-lead  crucibles,  is  a  conunon  air-far- 
nace,  like  that  for  making  brass. 

The  ingot-moulds  are  made  of  cast-iron,  in  two  pieces,  fastened  together ;  the  cavity 
being  of  a  rectangular  shape,  3  inches  broad,  ]|  thick,  and  18  or  20  long.  There  is  an 
elevated  mouth-piece  or  gate,  to  give  pressure  to  the  liquid  metal,  and  secure  solidity  to 
the  ingot.  The  mould  is  heated,  till  the  grease  with  which  its  cavity  is  besmeared  merely 
begins  to  smoke,  but  docs  not  burn.  The  proper  heat  of  the  melted  metal  for  casting,  is 
when  it  assumes  a  bluish  color,  and  is  quite  liquid.  Whenever  the  metal  has  solidified 
in  the  mould,  the  wedges  that  tighten  its  rings  are  driven  out,  lest  the  shrinkage  of  the 
ingot  should  cause  the  mould  to  crack.    See  Brass. 

The  ingot  is  now  dressed  carefully  with  the  file  on  one  or  two  faces,  according  as  it  is 
to  be  single  or  double  plated.  The  thickness  of  the  silver  plate  is  such  as  to  constitute 
one  fortieth  of  the  thickness  of  the  ingot ;  or  when  this  is  an  inch  and  a  quarter  thick, 
the  silver  plate  applied  is  one  thirty-second  of  an  inch;  being  by  weight  a  pound  troy 
of  the  former,  to  form  8  to  10  pennj-weighls  of  the  latter.  The  silver,  which  Is  slightljr 
less  in  size  than  the  copper,  is  tied  to  it  truly  with  iron  wire,  and  a  little  of  a  saturated 
solution  of  borax  is  then  insinuated  at  the  edges.  This  salt  melts  at  a  low  heat,  and  ex- 
cludes the  atmosphere,  which  might  oxydize  the  copper,  and  obstruct  the  union  of  the 
metals.     The  ingot  thus  prepared  is  brought  to  the  plating  furnace. 

The  furnace  has  an  iron  door  with  a  small  hole  to  look  through ;  it  is  fed  with  cokes, 
laid  upon  a  grate  at  a  level  with  the  bottom  of  the  door.  The  ingot  is  placed  imme- 
diately upon  the  cokes,  the  door  is  shut,  and  the  plater  watches  at  the  peep-hole  the  instant 
when  the  proper  soldering  temperature  is  attained.  During  the  union  of  the  silver  and 
copper,  the  surface  of  the  former  is  seen  to  be  drawn  into  intiiH|M  contact  with  the 
latter,  and  this  species  of  riveting  is  the  signal  for  removing  the  compoiAid  bar  instantly 
from  the  furnace.  Were  it  to  remain  a  very  little  longer,  the  silver  would  become 
alloyed  with  the  copper,  and  the  plating  be  thus  completely  spoiled.    The  adhesion  is^  in 
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fiict,  accomplished  here  bj  the  formation  of  a  film  of  true  silver-solder  at  the  surfaces  of 
contact. 

The  ingot  is  next  cleaned,  and  rolled  to  the  proper  thinness  between  cylinders  as  de- 
•eribed  under  Mint  ;  being  in  its  progress  of  lamination  frequently  annealed  on  a  small 
rererberatory  hearth.  After  the  last  annealing,  the  sheets  are  immersed  in  hot  dilute 
sulphuric  acid,  and  scoured  with  fine  Calais  sand ;  they  are  then  ready  to  be  fashioned 
into  various  articles. 

In  plating  copper  wire,  the  sUver  is  first  formed  into  a  tubular  shape,  with  one  edge  pro- 
jecting slightly  over  the  other ;  through  which  a  redbot  copper  cylinder  being  somewhat 
loosely  run,  the  silver  edges  are  closely  pressed  together  with  a  steel  burnisher,  whereby 
they  get  firmly  united.  The  tube,  thus  completed,  is  cleaned  inside,  and  put  on  the  prop- 
er copper  rod,  which  it  exactly  fits.  The  copper  is  leA  a  little  longer  than  its  coating 
tabe,  and  is  grooved  at  the  extremities  of  the  latter,  so  that  the  silver  edges,  being  worked 
into  the  copper  groove,  may  exclude  the  air  from  the  surface  of  the  rod.  The  compound 
cylinder  is  now  heated  red  hot,  and  rubbed  briskly  over  with  the  steel  burnisher  in  a  lon- 
gitudinal direction,  whereby  the  two  metals  get  firmly  united,  and  form  a  solid  rod,  ready 
to  be  drawn  into  wire  of  any  requisite  fineness  and  form ;  as  flat,  half-round,  fluted,  or 
with  mouldings,  according  to  the  figure  of  the  hole  in  the  draw-plate.  Such  wire  is  much 
used  for  making  bread-baskets,  toast-racks,  snuffers,  and  articles  combining  elegance  with 
li^tness  and  economy.  The  wire  must  be  annealed  from  time  to  time  during  the  draw- 
ing, and  finally  cleaned,  like  the  platef*,  with  dilute  acid. 

Formerly  the  dififcrent  shaped  vessels  of  plated  metal  were  all  fashioned  by  the  ham- 
mer ;  but  every  one  of  simple  form  is  now  made  in  dies  struck  with  a  drop-hammer  or 
stamp.    Some  manufacturers  employ  8  or  10  drop  machines. 

878  ,^m^   879  Figs,  878  and  879  are  two  views  of  the  stamp. 

A  is  a  large  stone,  the  more  massy  the  belter  j 
b,  the  anvil  on  which  the  dier  is  secured  by  four 
screws,  as  shown  in  the  ground  plan,  fig.  880. 
In  fig.  878,  a  a  are  two  upright  square  prisms, 
set  diagonally  with  the  angles  opposed  to  each 
other;  between  which  the  hammer  or  drop  d 
slides  truly,  by  means  of  nicely  fitted  ani^ular 
grooves  or  recesses  in  its  sides.    The  hammer 
is  raised  by  pulling  the  rope  /,  which  passes 
over  the  pulley  c,  and  is  let  fall  from  difl'erent 
heights,  according    to    the    impulse    required. 
Vessels  which  are  less  in  diameter  at  the  top 
and  bottom  than  in  the  middle,  must  either  be 
raised  by  the  stamp  in  two  pieces,  or  raised  with 
a  hand  hammer.    The  die  is  usually  made  of 
cast  steel.     When  it  is  placed  upon  the  anvil, 
and  the  plated  metal  is  cut  into  pieces  of  proper 
size,  the  top  of  the  die  is  then  surrounded  with 
a  lute  made  of  oil  and  clay,  for  an  inch  or  two 
above  its  surface ;  and  the  cavity  is  filled  with 
melted  lead.    The  under  face  of  the  stamp-ham- 
mer has  a  plate  of  iron  called  the  licktr-Mp 
fitted  into  it,  about  the  area  of  the  die.    When- 
ever the  lead  has  become  solid,  the  hanmier'is  raised  to  a  certain 
height,  and  dropped  down  upon  it ;  and  as  the  under  face  of  the 
licker-up  is  made  rough  like  a  rasp,  it  firmly  adheres  to  the  lead, 
so  as  to  lift  it  aAerward  with  the  hammer.    The  plated  meUl  is 
now  placed  over  the  die,  and  the  hammer  mounted  with  its  lead 
is  let  fsll  repeatedly  upon  it,  till  the  impression  on  the  metal  is 

complete.    If  the  vessel  to  be  struck  be  of  any  considerable  depth, 

two  or  three  dies  may  be  used,  of  progressive  sizes  in  succession.  But  it  occasionally 
happens  that  when  the  vessel  has  a  long  conical  neck,  recourse  must  be  had  to  an 
anxiliary  operation,  called  punching.  See  the  embossing  punches,  fig.  881.  These 
_      ^^.    —         ^^^  ^^^  ^^  ^^^^  g^^j^  ^^j^  ^^^  hollows  turned  out  in  the  lathe. 

The  pieces  a,  6  are  of  lead.  The  punching  is  performed  by  a 
series  of  these  tools,  of  difierent  sizes,  beginning  with  the  largest, 
and  ending  with  the  least.  By  this  means  a  hollow  cone,  3  or  4 
*  hes  deep,  and  an  inch  diameter,  may  be  raised  out  of  a  flat 
^.-.te.  These  punches  are  struck  with  a  hand  hammer  also,  for 
small  articles,  of  too  great  delicacy  for  the  drop.  Indeed,  it  fre- 
quently happens  that  one  part  of  an  article  is  executed  by  the  stamj^ 
ad  another  by  the  hand. 
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Cylindrical  and  conical  vessels  are  mostly  formed  by  bending  and  soldering.  Ik 
bending  is  performed  on  blocks  of  wood,  with  wooden  mallets;  but  the  maebiae  ■ 
much  used  by  the  tin-smiths,  to  form  their  tubes  and  cylindric  vessels  (see  tbe  end  section 

fii;s.  882  and  883),  might  be  employed  with  advaaiagL 
This  consists  of  3  iron  rollers  fixed  in  an  iron  frame.  Ayi,^ 
are  the  three  cylinders,  and  a,  ft,  r,  d,  the  riband  or  tbot 
of  metal  passed  through  them  to  receive  the  cylindrical « 
conical  curvature.  The  upper  roller  a  cmn  be  raind  m 
lowered  at  pleasure,  in  order  to  modify  the  diameter  <f 
the  tube ;  and  when  one  end  of  tbe  roller  is  higher  tha 
the  other,  the  conical  curvature  is  given.  The  edges  of  the  plated  cylinders  or  eoMi 
are  soldered  with  an  alloy  composed  of  i^ilver  and  brass.  An  alloy  of  silver  and  eo|ips 
is  somewhat  more  fusible ;  but  that  of  brass  and  silver  answers  best  for  plated  neoL 
the  bnifis  being  in  very  small  proportion,  lest  the  color  of  the  plate  be  affected.  CaloMl 
borax  mixed  with  sandiver  (the  salt  skimmed  from  the  pots  of  crown  glass)  is  nsed  aloif 
with  the  alloy,  in  the  act  of  soldering.  The  seam  of  the  plated  metal  being  smeared  with 
that  saline  mixture  made  into  a  pap  with  water,  and  the  bits  of  laminated  solder,  cut  ml 
with  scissors,  laid  on,  the  seam  is  exjwsed  to  the  flame  of  an  oil  blowpipe,  or  to  thai  rf 
charcoal  urged  by  bellows  in  a  little  forge-hearth,  till  the  solder  melts  and  flows  evealf 
along  the  junction.  The  use  of  the  sandiver  seems  to  be,  to  prevent  the  iron  wire  IhH 
binds  the  plated  metal  tube  from  being  soldered  to  it. 

Mouldincs  are  sometimes  formed  upon  the  edges  of  vessels,  which  are  not  Derdj 
ornamental,  but  give  strength  and  stiffness.  These  are  fashioned  by  an  instnuneat 
called  a  swas;ey  represented  in/ig.9.  884  and  885.  The  part  A  liAs  np  by  a  joint,  and  tk 
metal  to  be  swaged  is  placed  between  the  dies,  as  shown  in  the  figures ;  the  tail  I 
being  held  in  the  jaws  of  a  vice,  while  the  shear-shaped  hammer  rests  upon  it  Hf 
striking  on  the  head  a,  while  the  metal  plate  is  shifted  successively  forwards,  the  bcaadins 
is  formed.  In  Jig,  884  the  tooth  a  is  a  guide  to  regulate  the  distance  between  tke 
bead  and  the  edge.    A  similar  effect  is  produced  of  late  years  in  a  neater  and  more  exp»> 
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ditions  manner  by  the  rollers,  figs,  885,  886.  Fig,  888  is  a  section  to  show  the 
form  of  the  bead.  The  two  wheels  a,  a,  fig.  886,  are  placed  upon  axes,  two  of  whiek 
are  furnished  with  toothed  pinions  in  their  middle;  the  lower  one,  being  torned  by  the 
handle,  eives  motion  to  the  upper.  The  groove  in  the  upper  wheel  corresponds  with 
the  bead  in  the  lower,  so  that  the  slip  of  metal  passed  through  between  them  assnmes  the 
same  figure. 

The  greatest  improvement  made  in  this  brunch  of  manufacture,  is  the  introdnctioD  of 
silver  edges,  beads,  and  mouldings,  instead  of  the  plated  ones,  which  from  their  promi- 
nence had  their  silver  surface  speedily  worn  off,  and  thus  assumed  a  brassy  look.  The 
silver  destined  to  form  the  omnmental  edgings  is  laminated  exceedingly  thin ;  a  square 
inch  sometimes  weighing  no  more  than  10  or  12  grains.  This  is  too  fragile  to  bear  the 
action  of  the  opposite  steel  dies  of  the  swage  above  described.  It  is  necessary,  therefore, 
that  the  sunk  part  of  the  die  should  be  steel,  and  the  opposite  side  lead,  as  was  observed 
in  the  stamping;  and  this  is  the  method  now  generally  employed  to  form  these  silver  or- 
naments. The  inside  shell  of  this  silver  moulding  is  filled  with  soA  solder,  and  then  bent 
into  the  requisite  form. 

The  base  of  candlesticks  is  generally  made  in  a  die  by  the  stamp,  as  well  at  tbe 
neck,  the  dish  part  of  the  nozzle  or  socket,  and  the  tubular  stem  or  pillar.  The  dlA 
ferent  parts  are  united,  some  with  soA  and  others  with  hard  solder.  The  branches  of 
candlesticks  are  formed  in  two  semi-cylindrical  halves,  like  the  feet  of  tea-nms.  When 
an  article  is  to  be  engraved  on,  an  extra  plate  of  silver  is  applied  at  the  proper  part» 
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while  the  plate  is  still  flat,  and  fixed  by  burnishing  with  great  pressure  over  a  hot 
anyil.     This  is  a  species  of  welding. 

The  last  tinish  of  plated  goods  is  given  by  bumishing-tools  of  bloodstone,  fixed  in  sheet- 
iron  cases,  or  hardened  steel,  finely  polished. 

The  ingots  for  lamination  might  probably  be  plated  with  advantage  by  the  delicate 
pressure  process  employed  for  silvering  copper  wire. 

The  total  value  of  the  plate,  plated  ware,  jewellery,  and  watches,  exported  in,the  year 
1836,  was  338,889/. ;  but  the  valae  of  the  plated  go«xls  is  not  given  in  the  tables  of  rev- 
enue. M.  Parquin,  the  greatest  manufacturer  of  plated  goods  in  Paris  (or  France,  for 
this  business  is  monopolized  by  the  capital),  who  makes  to  the  value  of  700,000  francs 
per  annum,  out  of  the  1,500,000  which,  he  says,  is  the  whole  internal  consumption  of  the 
kingdom,  states  that  the  internal  consumption  of  the  United  Kingdom  amounts  to  30,000,000, 
or  il)  times  that  of  France !  He  adds,  that  our  common  laminated 'copper  costs  26  sous 
the  pound,  while  theirs  costs  34.  Their  plated  goods  are  fashioned,  not  in  general 
with  stamps,  but  by  the  pressure  of  tools  upon  wood  moulds  in  the  turning  lathe,  which 
is  a  great  economy  of  capital  to  the  manufacturer.  There  are  factories  at  Birming- 
ham which  possess  a  heavy  stock  of  300,000  difi*erent  die-moulds.    See  Stamping  op 

IfXTALS. 

PLATINA-MOHR.  The  following  easy  method  of  preparing  igniferous  black  pla- 
tinum, proposed  thirty  years  ago  by  Descotil,  has  been  recently  recommended  by  M. 
Dobereiner : — 

Melt  platina  ore  with  double  its  weight  of  zinc,  reduce  the  alloy  to  powder,  and  treat 
it  first  with  dilute  sulphuric  acid,  and  next  with  dilute  nitric  acid,  to  oxydize  and  dissolve 
cwt  all  the  zinc,  which,  contrary  to  one's  expectations,  is  somewhat  difficult  to  do,  even 
at  a  boiling  heat.  The  insoluble  black-gray  powder  contains  some  osmiuret  of  iridium, 
united  with  the  crude  platinum.  This  compound  acts  like  simple  platina-black,  after  it 
has  been  purified  by  digestion  in  potash  ley,  and  washing  with  water.  Its  oxydizing 
power  is  so  great,  as  to  transform  not  only  the  formic  acid  into  the  carbonic,  and  alcoh(J 
into  vinegar,  but  even  some  osmic  acid,  from  the  metallic  osmium.  The  above  powder 
explodes  by  heat  like  gunpowder. 

When  the  platina-mo^r  prepared  by  means  of  zinc  is  moistened  with  alcohol,  it  becomes 
incandescent,  and  emits  osmic  acid ;  but  if  it  be  mixed  with  alcohol  into  a  paste,  and 
spread  upon  a  watch-glass,  nothing  but  acetic  acid  will  be  disengaged;  afibrding  an 
elegant  means  of  diffasing  the  odor  of  vinegar  in  an  apartment. 

PLATINUM  is  a  metal  of  a  grayish-white  color,  resembling  in  a  good  measure  polished 
steeL  It  is  harder  than  silver,  and  of  about  double  its  density,  being  of  specific  gravity 
21.  It  is  so  infusible,  that  no  considerable  portion  of  it  can  be  melted  by  the  strongest 
heats  of  our  furnaces.  It  is  unchangeable  in  the  air  and  water ;  nor  does  a  white  heat 
impair  its  polish.  The  only  acid  which  dissolves  it,  is  the  nitro-muriatic ;  the  muriate  or 
chloride  thus  formed,  afibrds,  with  pure  ammonia  or  sal  ammoniac,  a  triple  salt  in  a 
yellow  powder,  convertible  into  the  pure  metal  by  a  red  heat.  This  character  distinguishes 
platinum  from  every  other  metal. 

Native  Platinum. — In  the  natural  state  it  is  never  pure,  being  alloyed  with  several 
other  metals.  It  occurs  only  under  the  form  of  grains,  which  are  usually  flattened,  and 
resemble  in  shape  the  gold  pepitas.  Their  size  is  in  general  less  than  linseed,  although 
in  some  cases  they  equal  hempseed,  and,  occasionally,  peas.  One  piece  brought  from 
Choco,  in  Peru,  and  presented  to  the  Cabinet  of  Berlin,  by  M.  Humboldt,  weighs  55 
grammes  =  850  grains,  or  nearly  2  oz.  avoirdupois.  The  greatest  lump  of  native  plati- 
num known,  till  of  late  years,  was  one  in  the  Royal  Museum  of  Madrid,  which  was  found 
in  1814  in  the  gold  mine  of  Condoto,  province  of  Novita,  at  Choco.  Its  size  is  greater 
than  a  turkey's  egg,  (about  2  inches  one  diameter,  and  4  inches  the  other,)  and  its  weight 
760  grammes,  =.  24  oz.,  or  fully  2  lbs.  troy.    See  infrtt. 

The  color  of  the  grains  of  native  platinum  is  generally  a  grayish-white,  like  tarnished 
steel.  The  cavities  of  the  rough  grains  are  oAen  filled  with  earthy  and  ferruginous  mat- 
ters, or  sometimes  with  small  grains  of  black  oxydc  of  iron,  adhering  to  the  surface  of 
the  platinum  grains.  Their  specific  gravity  is  also  much  lower  than  that  of  forged  pure 
platinum ;  varying  from  15  in  the  small  particles,  to  18-94  in  M.  Humboldt's  large  speci- 
men. This  relative  lightness  is  owins:  to  the  presence  of  iron,  copper,  lead,  and  chrome  | 
besides  its  other  more  lately  discovered  metallic  constituents,  palladium,  osmium,  rhodium, 
and  iridium. 

Its  main  localities  in  the  New  Continent,  are  in  the  three  following  districts  : — 
1.  At  Choco,  in  the  neighborhood  of  Barbacoas,  and  generally  on  the  coasts  of  the 
Sonth  Sea,  or  on  the  western  slopes  of  the  Cordillera  of  the  Andes,  between  the  2d 
and  the  6th  degrees  of  north  latitude  The  gold-washings  that  furnish  most  platinum. 
are  those  of  Condoto,  in  the  province  of  Novita  ;  those  of  Santa  Rita,  or  Viroviro,  of 
Santa  Lucia,  of  the  ravine  of  Iro,  and  Apoto,  between  Novita  and  Taddo.  The  de- 
posite  of  gokl  and  platinum  grains  is  found  in  alluvial  ground,  at  a  depth  of  about  20 
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feet.  The  gold  is  separated  from  the  platinum  by  picking  with  the  hand,  and  ahn  hf 
amalgamation  ;  formerly,  when  it  was  imagined  that  platinum  might  be  usted  to  defaue 
gold,  the  grains  of  the  former  metal  were  thrown  into  the  rivers^  thioagh  which  m^fafc»« 
opinion  an  immense  quantity  of  it  was  lost. 

2.  Platinum  grains  are  found  in  Brazil,  but  always  in  the  alluTial  lands  that  coataii 
gold,  particularly  in  those  of  Matto-grosso.  The  ore  of  this  country  is  somewhat  diflerat 
from  that  of  Choco.  It  is  in  grains,  which  seem  to  be  fragments  of  a  spongy  sabstaaee. 
The  whole  of  the  particles  are  nearly  globular,  exhibiting  a  surface  formed  of  smaS 
spheroidal  protuberances  strongly  cohering  together,  whose  interstices  are  clean,  and  evci 
brilliant. 

This  platinum  includes  many  small  particles  of  gold,  but  none  of  the  ma^etic  iroa- 
sand  or  of  the  small  zircons  which  accompany  the  Peruvian  ore.  It  is  mixed  with  snaU 
grains  of  native  palladium,  which  may  be  recognised  by  their  fibrous  or  radiated  stmctore, 
and  particularly  by  their  chemical  characters. 

3.  Platinum  grains  are  found  in  Hayti,  or  Saint  Domingo,  in  the  sand  of  the  rlTcr 
Jacky,  near  the  mountains  of  Sibao.  Like  those  of  Choco,  they  are  in  small  hriUiant 
grains,  as  if  polished  by  friction.  The  sand  containing  them  is  quartzose  and  fermginoas. 
This  native  platinum  contains,  like  that  of  Choco,  chromium,  copper,  osmium,  iridioiii, 
rhodium,  palladium,  and  probably  titanium.  Vauquelin  could  find  no  gold  among  the 
grains. 

Platinum  has  been  discovered  lately  in  the  Russian  territories,  in  the  auriferous  saadi 
of  Kuschwa,  250  wersts  from  Ekatennebourg,  and  consequently  in  a  geological  positios 
which  seems  to  be  analogous  with  that  of  South  America. 

These  auriferous  sands  are,  indeed,  almost  all  superficial;  they  corer  an  argiUaceons 
soil;  and  include,  along  with  gold  and  platinum,  debris  of  doleritc  (a  kind  of  green-stone), 
protoxydc  of  iron,  grains  of  corundum,  &c.  The  platinum  grains  are  not  so  flat  as  those 
from  Choco,  but  they  are  thicker ;  they  have  less  brilliancy,  and  more  of  a  leaden  hue. 
This  platinum,  by'M.  Laugier's  analysis,  is  similar  in  purity  to  that  of  Choco;  but  the 
leaden-gray  irrains,  which  were  taken  for  a  mixture  of  osmium  and  iridium,  are  merely  as 
alloy  of  platinum,  containing  25  per  cent,  of  these  metals. 

The  mines  of  Brazil,  Columbia,  and  Saint  Domingo  furnish  altogether  only  about  400 
kilos,  of  platinum  ore  per  annum ;  but  those  of  Russia  produce  above  1800  kilos.  The 
latter  were  discovered  in  1822,  and  were  first  worked  in  1824.  They  are  all  situated  in 
the  Ural  mountains.  The  ore  is  disseminated  in  an  argillaceous  sand,  of  a  greenish-gray 
color,  resulting  from  the  disintegration  of  the  surrounding  rocks,  and  constitutes  from  I 
to  3  parts  in  4000  of  the  sand.  Occasionally  it  has  been  found  in  lumps  weighing  8  kikv 
grammes  (16  lbs. !),  but  it  generally  occurs  in  blackish  angular  grains,  which  contain 
70  per  cent,  of  platinum,  and  3  to  5  of  iridium.  The  ore  of  Goro-Blagodatz  is  in  small 
flattened  grains,  which  contain  88  per  cent,  of  this  precious  metal.  T^c  osmiure  of  iri- 
dium is  found  upon  a  great  many  points  of  the  Urals,  throughout  a  space  of  140  leagues, 
being  a  product  accessory  to  the  gold  washings.  32  kilogrammes  of  osmiure  are  collected 
there  annually,  which  contain  upon  an  average  2  per  cent,  of  platinum. 

M.  Vauquelin  found  nearly  ten  per  cent,  of  platinum  in  an  ore  of  argentiferous  cop- 
per, which  was  transmitted  to  him  as  coming  from  Guadalcanal  in  Spain.  This  would  be 
the  only  example  of  platinum  existing  in  a  rock,  and  in  a  vein.  As  the  same  thing  has 
not  asrain  been  met  with,  even  in  other  specimens  from  Guadalcanal,  we  must  delay 
drawing  geological  inferences,  till  a  new  example  has  confirmed  the  authenticity  cf 
the  first. 

Platinum  has  been  known  in  Europe  only  since  1748,  though  it  was  noticed  by  UIlos 
in  1741.  It  was  compared  at  first  to  gold;  and  was,  in  fact,  brought  into  the  market 
under  the  name  of  white  gold.  The  term  platinum,  however,  is  derived  from  the  Spanish 
word  pldioy  silver,  on  account  of  its  resemblance  in  color  to  that  metal. 

The  whole  of  the  platinum  ore  from  the  Urab  is  sent  to  St.  Petersburg,  where  it  is 
treated  by  the  following  simple  process  : — 

One  part  of  the  ore  is  put  in  open  platina  vessels,  capable  of  containing  from  6  to 
8  lbs.,  alon?  with  3  parts  of  muriatic  acid  at  25°  B.  and  1  part  of  nitric  acid  at  40^. 
Thirty  of  these  vessels  are  placed  upon  a  sand-bath  covered  with  a  glazed  dome  with 
moveable  panes,  which  is  surmounted  by  a  ventilating  chimney  to  carry  the  vapors 
out  of  the  laboratory.  Heat  is  applied  for  8  or  10  hours,  till  no  more  red  vapors 
appear ;  a  proof  that  the  whole  nitric  acid  is  decomposed,  though  some  of  the  muriatic 
remains.  AAer  settling,  the  supernatant  liquid  is  decanted  oflTinto  lai^e  cylindrical  glass  ' 
vessels,  the  residuum  is  washed,  and  the  washing  is  also  decanted  ofif.  A  fresh  quantity 
of  nitro-muriatic  acid  is  now  poured  upon  the  residuum.  This  treatment  is  repeat- 
ed till  the  whole  solid  matter  has  eventually  disappeared.  The  ore  requires  for 
solution  from  10  to  15  times  its  weight  of  nitro-muriatic  acid,  according  to  the  size  of  its 
grains. 

The  solotions  thus  made  are  all  acid ;  a  circumstance  essential  to  prerent  the  izic 
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firom  precipitating  with  the  platinnm,  by  the  water  of  ammonia,  which  is  next  added. 
The  deposite  being  allowed  to  form,  the  mother  waters  are  poured  off,  the  precipitate  is 
washed  with  cold  water,  dried,  and  calcined  in  crucibles  of  platinum. 

The  mother-waters  and  the  washings  are  aAerwards  treated  separately.  The  first 
t>eing  concentrated  to  one  twelflh  of  their  bulk  in  glass  retorts,  on  cooling  they  let  fall 
the  iridium  in  the  state  of  an  ammoniacal  chloride,  constituting  a  dark-purple  powder, 
occasionally  crystallized  in  regular  octahedrons.  The  washings  are  evaporated  to  dryness 
in  porcelain  vessels ;  the  residuum  is  calcined  and  treated  like  fresh  ore ;  but  the  platinum 
it  affords  needs  a  second  purification. 

For  agglomerating  the  platinum,  the  spongy  mass  is  pounded  in  bronze  mortars ;  the 
powder  is  passed  through  a  fine  sieve,  and  put  into  a  cylinder  of  the  intended  size  of  the 
ingot.  The  cylinder  is  fitted  with  a  ranmier,  which  b  forced  in  by  a  coining  press,  till 
the  powder  be  much  condensed.  It  is  then  turned  out  of  the  mould,  and  baked  36  hours 
in  a  porcelain  kiln,  after  which  it  may  be  readily  forged,  if  it  be  pure,  and  may  receive 
any  desired  form  from  the  hammer.  It  contracts  in  volume  from  I-6th  to  ]-5th  during 
the  calcination.  The  cost  of  the  manufacture  of  platinum  is  fixed  by  the  administration 
mt  32  francs  the  Russian  pound ;  but  so  great  a  sum  is  never  expended  upon  it. 

For  Dr.  Wollaston's  process,  see  Phil.  Trans.  1829,  Part  I. 

Platinum  furnishes  most  valuable  vessels  to  both  analytical  and  manufacturing 
chemists.  It  may  be  beat  out  into  leaves  of  such  thinness  as  to  be  blown  about  with  th« 
breath. 

This  metal  is  applied  to  porcelain  by  two  different  processes ;  sometimes  in  a 
rather  coarse  powder,  applied  by  the  brush,  like  gold,  to  form  ornamental  figures; 
sometimes  in  a  state  of  extreme  division,  obtained  by  decomposing  its  muriatic  solution, 
by  means  of  an  essential  oil  such  as  rosemary  or  lavender.  In  this  case,  it  must  be 
evenly  spread  ov€r  the  whole  ground.  Both  modes  of  application  give  rise  to  a  steely 
lustre. 

The  properties  possessed  in  common  by  gold  and  platinum,  have  several  times  given 
occasion  to  fraudulent  admixtures,  which  have  deceived  the  assayers.  M.  Vauquelin 
having  executed  a  series  of  experiments  to  elucidate  this  subject,  drew  the  following  con- 
clusions : — 

If  the  platinum  do  not  exced  30  or  40  parts  in  the  thousand  of  the  alloy,  the  gold 
does  not  retain  any  of  it  when  the  parting  is  made  with  nitric  acid  in  the  usual  way ; 
and  when  the  proportion  of  platinum  is  greater,  the  fraud  becomes  manifest;  1st  by  the 
higher  temperature  required  to  pass  it  through  the  cupel,  and  to  form  a  round  button ; 
2.  by  the  absence  of  the  lightning,  fulguration,  or  coruscation ;  3.  by  the  dull  white 
color  of  the  button  and  its  cr)'stallized  surface ;  4.  by  the  straw-yellow  color  which 
platinum  communicates  to  the  aquafortis  in  the  parting;  5.  by  the  straw-yellow  color, 
bordering  on  white,  of  the  cornet,  aAer  it  is  annealed.  If  the  platinum  amounts  to  one 
fourth  of  the  gold,  we  must  add  to  the  alloy  at  least  3  times  its  weight  of  fine  silver, 
laminate  it  very  thin,  anneal  somewhat  strongly,  boil  it  half  an  hour  in  the  first  aquafortis, 
and  at  least  a  quarter  of  an  hour  in  the  second,  in  order  that  the  acid  may  dissolve  the 
whole  of  the  platinum. 

Were  it  required  to  determine  exactly  the  proportions  of  platinum  contained  in  an 
alloy  of  copper,  silver,  gold,  and  platinum,  the  amount  of  the  copper  may  be  found  in 
the  first  place  by  cupeliationy  then  the  respective  quantities  of  the  three  other  metals 
may  be  learned  by  a  process  founded,  1 :  upon  the  property  possessed  by  sulphuric  acid 
of  dissolving  silver  without  affecting  gold  or  platinum ;  and,  2.  upon  the  property  of  pla- 
tinum being  soluble  in  the  nitric  acid,  when  it  is  alloyed  with  a  certain  quantity  of  gold 
and  silver. 

According  to  Boussin?ault,  the  annual  product  of  platinum  in  America  does  not  exceed 
8|  cwts.  At  Nischne-Tagilsk,  in  1824,  a  lump  of  native  platinum  weighing  folly  10  lbs. 
found ;  and  in  1830,  another  lump,  of  nearly  double  size,  which  weighed  35|  Pruf- 
marcs;  fully  18  lbs.  avoirdupois. 

PRODUCTION  OF  PLATINUM  IN  THX  UBAL. 

From  1822  to  1827  inclusively,  52  puds*  and  22}  pounds. 

1828  94 

1829  78  31| 

1830  105  1 

1831  to  1833      348  15 

*  Oas  pad  "bM  Raanaa  pounds, «-  09,0M  Pmariui  marei  {8—  SiLVis) ;  1  pooad  ■■  90  wlfltnifci. 
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Ahaltses  of  the  Plathcum  Oem  of  the  Urals,  and  of  that  from  BarbftCOM  cm  the 
Pacific,  between  the  2d  and  6th  degrees  of  northem  latitude. 


From  Niachne- TagiUk. 
Banelius. 

Uoroblfcgodat. 
Oannn. 

Bemlnu. 

Magnetic. 

Not  Magnetic. 

Platinum 

73-58 

78-94 

83-07 

86-50 

84-30 

Iridium  - 

2-35 

4-97 

1-91 

—• 

1-46 

',  Rhodium 

M5 

0-86 

0-59 

M5 

3-46 

Palladium 

0-30 

0-28 

0-26 

110 

1-06 

Iron 

12-98 

1104 

10-79 

8-32 

5-31 

Copper  - 

6-20 

0-70 

1-30 

045 

0-74 

Undissolved        ^ 

— 

Osmium  and     > 

2-30 

1-96 

1-80 

1-40 

— 

Iridium             ) 

t 

Osmium 

— 

— 

103 

Quartz  - 

■ 

—• 

— 

0-60 

Lime     - 

— 

— 

— • 

— 

012 

97-86 

98-75 

99-72 

98-92 

98-08        1 

PLUMBAGO.  See  Graphite,  for  its  mineralogical  and  chemical  characters.  The 
mountain  at  Borrowdale,  in  which  the  black-lead  is  mined,  is  2000  feet  high,  and  the  eo- 
trance  to  the  mine  is  1000  feet  below  its  summit.  This  valuable  mineral  became  so  com- 
mon a  subject  of  robbery  about  a  century  ago,  as  to  have  enriched,  it  was  said,  a  great 
many  persons  living  in  the  neighborhood.  Even  the  guard  stationed  over  it  by  the  pro- 
prietoi-s  was  of  little  avail  against  men  infuriated  with  the  love  of  plunder ;  since  in  those 
days  a  body  of  miners  broke  into  the  mine  by  main  force,  and  held  possession  of  it  for  a 
considerable  time. 

The  treasure  is  now  protected  by  a  strong  building,  consisting  of  four  rooms  upon 
the  ground  floor ;  and  immediately  under  one  of  them  is  the  opening,  secured  by  a  trap> 
door,  through  which  alone  workmen  can  enter  the  interior  of  the  moantain.  Id  this 
apartment,  called  the  dressing-room,  the  miners  change  their  ordinary  clothes  for  thdr 
working  dress,  as  they  come  in,  and  after  their  six  hours'  post  or  journey,  they  again 
change  their  dress,  under  the  superintendence  of  the  steward,  before  they  are  snficrwl  to 
go  out.  In  the  innermost  of  the  four  rooms,  two  men  are  seated  at  a  large  table,  sorting 
and  dressing  the  plumbago,  who  are  locked  in  while  at  work,  and  watched  by  the  steward 
from  an  adjoining  room,  who  is  armed  with  two  loaded  blunderbusses.  Such  formidable 
apparatus  of  security  is  deemed  requisite  to  check  the  pilfering  spirit  of  the  Combeiiand 
mountaineers. 

The  cleansed  black-lead  is  packed  up  into  strong  casks,  which  hold  1  cwt.  each.  These 
are  all  despatched  to  the  warehouse  of  the  proprietors  in  London,  where  the  black-lead 
is  sold  monthly  by  auction,  at  a  price  of  from  35s.  to  45f.  a  pound. 

In  some  years,  the  net  produce  of  the  six  weeks*  annual  working  of  the  mine  has,  it  is 
said,  amounted  to  30,000/.  or  40,000/. 

PLUSH  (Panwy  Peluche,  Fr.;  WoUsammet,  Plusch,  Germ.)  is  a  textile  fabric,  having 
a  son  of  velvet  nap  or  shag  upon  one  side.  It  is  composed  regularly  of  a  woof  of  a 
single  woollen  thread,  and  a  two-fold  warp,  the  one,  wool  of  two  threads  twisted,  the  other, 
goal's  or  camel's  hair.  There  are  also  several  sorts  of  plush  made  entirely  of  worsted. 
It  is  manufactured,  like  velvet,  in  a  loom  with  three  treadles ;  two  of  which  separate 
and  depress  the  woollen  warp,  and  the  third  raises  the  hair-warp,  whereupon  the  weaver, 
throwing  the  shuttle,  passes  the  woof  between  the  woollen  and  hair  warp;  aAerwardi^ 
laying  a  brass  broach  or  needle  under  that  of  the  hair,  he  cuts  it  with  a  knife  (see 
Fustian)  destined  for  that  use,  running  its  fine  slender  point  along  in  the  hollow  of  the 
guide-broach,  to  the  end  of  a  piece  extended  upon  a  table.  Thus  the  surface  of  the 
plush  receives  its  velvety  appearance.     This  stuff  is  also  made  of  cotton  and  silk. 

POIN  r  NET  is  a  style  of  lace  formerly  much  in  vogue,  but  now  superseded  by  the 
bobbin-net  manufacture. 

PORCFXAIN"  is  the  finest  kind  of  pottery-ware.     It  is  considered  under  that  title. 

POllPHVRY  is  a  compound  mineral  or  rock,  composed  essentially  of  a  base  of  horn- 
stone,  interspersed  with  crystals  of  feldspar.  It  frequently  contains  also  quartz,  mica, 
and  hornblende.  That  most  esteemed  is  the  ancient  porphyry  of  Egypt,  with  a  ground 
of  a  fine  red  color  passing  into  purple,  having  snow-white  crystals  of  feldspar  imbedded 
in  it.  Most  beautiful  specimens  of  it  are  to  be  seen  in  the  antique  colossal  statues  in  the 
British  Museum. 
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Porphyry  occurs  in  Arren,  and  in  Perthshire  between  Dalnacardoch  and  Tummd 
bridge.     It  is  much  used  for  making  slabs,  mullers,  and  mortars. 

PORTER  is  a  malt  liquor,  so  called  from  being  the  favorite  beverage  of  the  porters 
and  workpeople  of  the  metropolis  and  other  large  towns  of  the  British  empire ;  it  is  char- 
mcterized  by  its  dark-brown  color,  its  transparency,  its  moderately  bitter  taste,  and  pecii- 
liar  aromatic  flavor,  which,  along  with  its  tonic  and  intoxicating  qualities,  make  it  be 
keenly  relished  by  thirsty  palates  accustomed  to  its  use.  At  first  the  essential  distinction 
of  porter  arose  from  its  wort  being  made  with  highly-kilned  brown  malt,  while  other  kinds 
of  beer  and  ale  were  brewed  from  a  paler  article ;  but  of  late  years,  the  taste  of  the 
public  having  run  in  favor  of  sweeter  and  lighter  beverages,  the  actual  porter  is  brewed 
with  a  less  proportion  of  brown  malt,  is  less  strongly  hopped,  ahd  not  allowed  to  get  hard 
by  long  keeping  in  huge  ripening  tuns.  Some  brewers  color  the  porter  with  burnt  sugar ; 
but  in  general  the  most  respectable  concentrate  a  quantity  of  their  first  and  best  wort  to  an 
extract,  in  an  iron  pan,  and  bum  this  into  a  colorinfi;  stufiT,  whereby  they  can  lay  claim  to 
the  merit  of  using  nothing  in  their  manufacture  but  malt  and  hops.  The  singular  flavor 
of  good  London  porter  seems  to  proceed,  in  a  great  degree,  from  that  of  the  old  caskt 
and  fermenting  tuns  in  which  it  is  prepared.  Though  not  much  addicted  to  vinous 
potations  of  any  kind,  I  feel  warranted  by  long  experience  to  opine,  that  the  porter 
brewed  by  the  eminent  London  houses,  when  drunk  in  moderation,  is  a  far  wholesomer 
beverage  for  the  people  than  the  thin  acidulous  wines  of  France  and  Germany. 
See  Bker. 

PORTLAND  STONE  is  a  fine  compact  oolite,  so  named  from  the  island  where  it  it 
quarried.     It  is  a  convenient  but  not  a  durable  building-stone. 

POTATO  (Pomme  de  terre,  Fr. ;  Kartoffel,  Germ.)  is  the  well  known  root  of  the 
Solatium  tuberosum. 

The  foUowing  Table  exhibits  several  good  analyses  of  the  potato : — 


Veg. 

1  Acids  and 

Sort. 

Fibrine. 

Starch. 

album. 

Gum. 

Salts. 

Water. 

Analyst. 

Red  potatoes 

7-0 

150 

1-4 

4-1 

6-1 

75-0 

Einhof. 

Id.  germinated 

6-8 

15-2 

1-3 

3-7 

— — 

730 

— . 

Potato  sprouts   - 

2-8 

0-4 

0-4 

3-3 

.~ 

93-0 

__ 

Kidoey  potatoes      - 

8-8 

9-1 

0-8 

— 

— 

81-3 

— 

Large  red  do.     - 

60 

12-9 

0-7 

— 

— 

78-0 

— 

Sweet  do.       -        - 
Potato  of  Peru 

8-2 
5-2 

151 
150 

0-8 
1-9 

74-3 
76-0 

Lampad. 

■ 

1-9 

England 

6-8 

12-9 

M 

1-7 

77-5 

_ 

Onion  potato      - 

8-4 

18-7 

0-9 

1-7 

70-3 

—. 

.    Voigtland 

7-1 

15-4 

1-2 

2-0 

74-3 

— 

.    cultivated  in  the 

6-79 

13-3 

0-92 

3-3     1     1-4 

73-12 

Henry. 

.     environs  of  Paris 

POTASH,  or  POTASSA.  (Potasse,  Fr. ;  Kali,  Germ.)  This  substance  was  so  named 
flrom  being  prepared  for  commercial  purposes  by  evaporating  in  iron  pots  the  lixivium  of 
the  ashes  of  wood  fuel.  In  the  crude  state  called  potashes,  it  consists,  therefore,  of  such 
constituents  of  burned  vegetables  as  are  very  soluble  in  water,  and  fixed  in  the  fire.  The 
potash  salts  of  plants  which  originally  contained  vegetable  acids,  will  be  converted  into 
carbonates,  the  sulphates  will  become  sulphites,  sulphurets,  or  even  carbonates,  accord* 
ing  to  the  manner  of  incineration ;  the  nitrates  will  be  changed  into  pure  carbonates, 
while  the  muriates  or  chlorides  will  remain  unaltered.  Should  quicklime  be  added  to  the 
solution  of  the  ashes,  a  corresponding  portion  of  caustic  potassa  will  be  introduced  into 
the  product,  with  more  or  less  lime,  according  to  the  care  taken  in  decanting  oflf  the  clear 
ley  for  evaporation. 

In  America,  where  timber  is  in  many  places  an  incumbrance  upon  the  soU,  it  is 
felled,  piled  up  in  pyramids,  and  burned,  solely  with  a  view  to  the  manufacture  of 
potashes.  The  ashes  are  put  into  wooden  cisterns,  having  a  phig  at  the  bottom  of 
one  of  the  sides  under  a  false  bottom  ;  a  moderate  quantity  of  water  is  then  poured  on 
the  mass,  and  some  quicklime  is  stirred  in.  AOer  standing  for  a  few  hours,  so  as  to 
take  up  the  soluble  matter,  the  clear  liquor  is  drawn  ofif,  evaporated  to  dryness  in  iron 
pots,  and  finally  fused  at  a  red  heat  into  compact  masses,  which  are  gray  on  the  outside, 
and  pink-colored  within. 

Pearlash  is  prepared  by  calcining  potashes  upon  a  reverberatory  hearth,  till  the  whole 
cnrbonaceous  matter,  and  the  greater  part  of  the  sulphur,  be  dissipated ;  then  lixiviating 
ikt  mnss,  in  a  cistern  having  a  false  bottom  covered  with  stnw,  empomting  the  dear  Isf 
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to  dryness  in  flat  iron  pans,  and  stirring  it  towards  the  end  into  white  lompy  granik- 
tions. 

I  find  the  best  pink  Canadian  potashes,  as  imported  in  casks  containing  about  5  cwts^ 
to  contain  pretty  uniformly  60  per  cent,  of  absolute  potassa ;  and  the  best  pearl-ashes  to 
contain  50  per  cent. ;  the  alkali  in  the  former  being  nearly  in  a  caustic  state ;  in  the  lat- 
ter, carbonated. 

All  kinds  of  vegetables  do  not  yield  the  same  proportion  of  potassa.  The  more  succu- 
lent the  plant,  the  more  does  it  afford ;  for  it  is  only  in  the  juices  that  the  vegetaUe  salts 
reside,  which  are  converted  by  incineration  into  alkaline  matter.  Herbaceous  weeds  are 
more  productive  of  potash  than  the  graminiferous  species,  or  shrubs,  and  these  than  trees; 
and  for  a  like  reason,  twigs  and  leaves  are  more  productive  than  timber.  But  plants  in 
all  cases  are  richest  in  alkaline  salts  when  they  have  arrived  at  maturity.  The  aoil  in 
which  they  grow  also  influences  the  quantity  of  saline  matter. 

The  following  Table  exhibits  the  average  product  in  potassa  of  several  plants,  accoid- 
ing  to  the  researches  of  Yauquelin,  Pertuis,  Kirwan,  and  De  Saussure  : — 


In  1000  parts. 

Pine  or  fir   - 

Poplar    - 

Trefoil 

Beechwood 

Oak     - 

Boxwood 

Willow 

Elm  and  maple 

Wheat  straw 

Barb  of  oak  twigs 

Thistles 


PoUnt. 
0-45 

-  0-75 
0-75 

-  1-45 
1-53 

-  2-26 
2-85 

-  3-90 
3-90 

-  4-20 
500 

Flax  stems 5*00 

Small  rushes  ....  5*08 
Vine  shoots  ....  -  5*50 
Barley  straw        ....        5*80 


In  1000  parts. 

Dry  bc«ch  bark    .        -        -        ^ 

Fern 

Large  rush  -        -        -        - 

Stalk  of  maize         -        -   '     - 
Bastard  chamomile  {.jinthemU  cottt- 

to,  L.) 

Bean  stalks  .... 

Sunflower  stalks      .        .        .        . 
Common  nettle    -        -        -        - 
Vetch  plant    -        -        -        -        . 
Thistles  in  full  growth 
Dry  straw  of  wheat  before  earing     - 
Wormwood  .... 

Fumitory         -        -        -        -        . 


6*00 

6-26 

7-22 

17-50 

I9  60 
20^ 
20H)0 
25-03 
27-50 
35-37 
47-00 
73-00 
79-00 


Stalks  of  tobacco,  potatoes,  chestnuts,  chestnut  husks,  broom,  heath,  furze,  tansy,  aorrd, 
vine  leaves,  beet  leaves,  orach,  and  many  other  plants,  abound  in  potash  salts.  In 
Burgundy,  the  well-known  cendrts  gravelies  are  made  by  incinerating  the  lees  of  wine 
pressed  into  cakes,  and  dried  in  the  sun ;  the  ashes  contain  fully  16  per  cent,  of 
potassa. 

The  i)uriflcation  of  pearlash  is  founded  upon  the  fact  of  its  being  more  soluble  in 
water  than  the  neutral  salts  which  debase  it.     Upon  any  given  quantity  of  that  substance, 
in  an  iron  pot,  let  one  and  a  half  times  its  weight  of  water  be  poured,  and  let  a  gentle 
heat  be  applied  for  a  short  time.     When  the  whole  has  again  cooled,  the  bottom  will  be 
incrusted  with  the  salts,  while  a  solution  of  nearly  pure  carbonate  of  potash  will  be  found 
floating  above,  which  may  be  drawn  off  clear  by  a  syphon.     The  salts  may  be  afXerwaids 
thrown  upon  a  filter  of  gravel.    If  this  ley  be  diluted  with  6  times  its  bulk  of  water 
mixed  with  as  much  slaked  lime  as  there  was  pearlasli  employed,  and  the  mixture  be 
boiled  for  an  hour,  the  potash  will  become  caustic,  by  giving  up  its  carbonic  acid  to  the 
lime.    If  the  clear  settled  lixivium  be  now  syphoned  off,  and  concentrated  by  boiliof 
in  a  covered  iron  pan,  till  it  assumes  the  appearance  of  oil,  it  will  constitute  the  common 
caustic  of  the  surgeon,  \hepota9sa  fusa  of  the  shops.    But  to  obtain  potassa  chemically 
pure,  recourse  must  be  had  to  the  bicarbonate,  nitrate,  or  tartrate  of  potaasa,  salts 
which,  when  carefully  crystallized,  are  exempt  from  any  thing  to  render  the  potassa 
derived  from  them  impure.    The  bicarbonate  having  been  gently  ignited  in  a  silver 
basin,  is  to  be  dissolved  in  6  times  its  weight  of  water,  and  the  solution  is  to  be  boilod 
for  an  hour,  along  with  one  pound  of  slaked  lime  for  every  pound  of  the  bicarbonate 
used.    The  whole  must  be  leA  to  settle  without  contact  of  air.    The  supernataut  ley  is  to 
be  drawn  off  by  a  syphon,  and  evaporated  in  an  iron  or  silver  vessel  provided  with  a  small 
orifice  in  its  close  cover  for  the  escape  of  the  steam,  till  it  assumes,  as  above,  the  appear- 
ance of  oil,  or  till  it  be  nearly  redhot.    Let  the  fused  potassa  be  now  poured  out  upon  a 
bright  plate  of  iron,  cut  into  pieces  as  soon  as  it  concretes,  and  put  up  immediately  in  a 
bottle  furnished  with  a  well-ground  stopper.    It  is  hydrate  of  potassa,  being  compoacd  of 
1  atom  of  potassa  48,  -f- 1  atom  of  water  9,  =  57. 

A  pure  carbonate  of  potassa  may  be  also  prepared  by  fusing  pure  nitre  in  an  earthen 
erucible,  and  projecting  charcoal  into  it  by  smull  bits  at  a  time,  till  it  ceases  to  canst 
deflagration.  Or  a  mixture  of  10  parts  of  nitre  and  1  of  charcoal  may  be  deflagmted  in 
small  successive  portions  in  a  redhot  deep  crucible.  When  a  mixture  of  2  parts  of 
tvtrnte  of  poUsta,  or  crystab  of  tartar,  and  1  of  nitre,  is  deflagrated,  pure  carbonate  cf 


POTASSIUM. 


1013 


potassa  remains  mixed  with  charcoal,  which  by  lixiviation,  and  the  agency  of  quick* 
lime,  will  afford  a  pure  hydrate.  Crystals  of  tartar  calcined  alone  yield  also  a  pure 
carbonate. 

Caustic  potassa,  as  I  have  said,  after  being  fused  in  a  silver  crucible  at  a  red  heat, 
retains  1  prime  equivalent  of  water.  Hence  its  composition  in  100  parts  is,  potassium 
70,  oxygen  14,  water  16.  Anhydrous  potassa,  or  the  oxyde  free  from  water,  can  be  ob- 
tained only  by  the  combustion  of  potassium  in  the  open  air.  It  is  composed  of  83|  of 
netal,  and  16f  of  oxygen.    Berzelius^s  numbers  are,  83*05  and  16-95. 

Caustic  potassa  may  be  crystallized ;  but  in  general  it  occurs  as  a  white  brittle  sub- 
stance of  spec.  grav.  1*708,  which  melts  at  a  red  heat,  evaporates  at  a  white  heat,  de- 
liquesces into  a  liquid  in  the  air,  and  attracts  carbonic  acid ;  is  soluble  in  water  and 
alcohol,  forms  soft  soaps  with  fat  oils,  and  soapy-looking  compounds  with  resins  and 
wax ;  dissolves  sulphur,  some  metallic  sulphurets,  as  those  of  antimony,  arsenic,  &c., 
as  also  silica,  alumina,  and  certain  other  bases ;  and  decomposes  animal  textures,  as 
hair,  wool,  silk,  horn,  skin,  4^c.  It  should  never  be  touched  with  the  tongue  or  the 
fingers. 

The  following  Table  exhibits  the  quantity  ot  Fused  Potassa  in  JOO  parts  of  caiMh'c  ley, 
at  the  respective  densities : — 


Sr-  8T. 


1-58 
1.56 
1-54 
1-52 
1-50 
1-48 


Pot.  in  100. 


53-06 
51-58 
50-09 
48-40 
46-45 
44-40 


Sp.  gr.  jPot.  in  100.^  Sp.  gr. 


1-46 
1-44 
1-42 
1-40 
1-38 
1-36 


42-31 
40-17 
37-97 
35-99 
34-74 
33-46 


1-34 
1-32 
1-30 
1-28 
1-26 
1-24 


Pot.  in  100. 

Sp.gr. 

Pot.  in  100. 

Sp.  gr. 

Pot.inlOO. 

3214 

1-22 

23-14 

1-10 

11-28 

30-74 

1-20 

21-25 

1-08 

9-20 

29-34 

1-18 

19-34 

106 

7-02 

27-86 

1-16 

17-40 

104 

4-77 

26-34 

1-14 

15-38 

1-02 

244 

24-77 

1-12 

1330 

1-00 

0-00 

The  only  certain  way  of  determining  the  quantity  of  free  potassa  in  any  solid  or  liquid, 
is  from  the  quantity  of  a  dilute  acid  of  known  strength  which  it  can  saturate. 

The  hydrate  of  potassa,  or  its  ley,  oAen  contains  a  notable  quantity  of  carbonate,  the 
presence  of  which  may  be  detected  by  lime  water,  and  its  amount  be  ascertained  by  the 
loss  of  weight  which  it  suffers,  when  a  weighed  portion  of  the  ley  is  poured  into  a 
weighed  portion  of  dilute  sulphuric  acid  poised  in  the  scale  of  a  balance. 

There  are  two  other  oxydes  of  potassium ;  the  suboxyde,  which  consists,  according  to 
Berzelius,  of  90-74  of  met^J,  and  9-26  oxygen ;  and  the  hyperoxyde,  an  orange-yellow 
substance,  which  gives  off  oxygen  in  the  act  of  dissolving  in  water,  and  becomes  potassa. 
It  consists  of  62  of  metal,  and  38  of  oxygen. 

Carbonate  of  potassa  is  composed  of  48  parts  of  base,  and  22  of  acid,  according  to  most 
British  authorities;  or,  in  100  parts,  of  68-57  and  31-43;  but  according  to  Berzelius,  of 
68-09  and  31-91. 

Carbonate  of  potassa,  as  it  exists  associated  with  carbon  in  calcined  tartar,  passes  very 
readily  into  the  Bicarbonate,  on  being  moistened  with  water,  and  having  a  current  of  car- 
bonic acid  g^s  passed  through  it.  The  absorption  takes  place  so  rapidly,  that  the  mass 
becomes  hot,  and  therefore  ought  to  be  surrounded  with  cold  water.  The  salt  should 
then  be  dissolved  in  the  smallest  quantity  of  water  at  120°  F.,  filtered,  and  crystallized. 

POTASSIUM  (Eng.  and  Fr. ;  Kalium,  Germ.)  is  a  metal  deeply  interesting,  not  only 
firom  its  own  marvellous  properties,  but  from  its  having  been  the  first  link  in  the  chain 
of  discovery  which  conducted  Sir  H.  Davy  through  many  of  the  formerly  mysterious  and 
untrodden  labyrinths  of  chemistry. 

The  easiest  and  best  mode  of  obtaining  this  elementary  substance,  is  that  contrived  by 
Brunner,  which  I  have  oAen  practised  upon  a  considerable  scale.  Into  the  orifice  of  one 
of  the  iron  bottles,  as  A,  fig.  889,  in  which  mercury  is  imported,  adapt,  by  screwing,  a  piece 
of  gun-barrel  tube,  9  inches  long ;  having  brazed  into  its  side,  about  3  inches  from  its  outer 
end,  a  similar  piece  of  iron  tube.  Fill  this  retort  two  thirds  with  a  mixture  of  10  parts 
of  cream  of  tartar,  previously  calcined  in  a  covered  crucible,  and  1  of  charcoal,  both  in 
powder;  and  lay  it  horizontally  in  an  air-furnace,  so  that  while  the  screw  orifice  is  at 
the  inside  wall,  the  extremity  of  the  straight  or  nozzle  tube  may  project  a  few  inches 
beyond  the  brickwork,  and  the  tube  brazed  into  it  at  right  angles  may  descend  pretty 
close  to  the  outside  wall,  so  as  to  dip  its  lower  end  a  quarter  of  an  inch  beneath  the  surface 
of  some  rectified  naptha  contained  in  a  copper  bottle  surrounded  by  ice-cold  water. 
By  bringing  tlie  condenser-vessel  so  near  the  furnace,  the  tubes  along  which  the  potas- 
sium vapor  requires  to  pass,  run  less  risk  of  getting  obstructed.  The  horizontal  straight 
end  of  the  nozzle  tube  should  be  shut  by  screwmg  a  stopcock  air-tight  into  it.  By 
opening  the  cock  momentarily,  and  thrusting  in  a  hot  wire,  this  tube  may  be  readily 
kept  free,  without  permitting  any  considerable  waste  of  potassium.  The  heat  should 
be  slowly  applied  at  first,  but  eventually  urged  to  whiteness,  and  continued  as  long 
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u  poUwTireted  hydroRn  contina^i  to  be  dUengaged.  The  retort,  and  tlie  put  of 
the  noiile  lube  exposed  to  the  fire,  shoulJ  be  covered  with  ■  good  refractory  Inte,  h 
deKribed  under  the  arlicle  PHoBrnoiii.'S-  The  joinls  majt  be  perfectly  air-tighl;  ud 
the  vessel  freed  from  every  Xnce  of  mercury,  by  ignidon,  before  il  i>  charged  wilh  the 
t»rt«r-Mh.  ^    ,  ,  .  ... 

Tarlar  jkilfuUy  trc»led  in  this  way  will  afford  3  per  cent,  of  polBsuniD;  and  whm  d 
M  observed  to  send  forth  green  fumes,  il  bas  eominenced  the  prodaetion  of  the  loelaL 
Instead  of  lh«  coDstruclion  above  described,  the  following  form  of  appcratoi  may  be 
wploy    .  mjg  ^^^^  g^^  repreMnti  the  iroci  loOk, 

charg^  vilh  the  inclacnted  tartar ;  ■■■ 
B  is  a  Gre-brick  support.  A  piece  of  Sic- 
tile  should  also  be  placed  between  Ih* 
bottom  of  the  bottle  and  the  back  waL 
of  the  furnace,  to  keep  th«  apparalai 
Eleady  during  the  operation.  Whenera 
the  moisture  is  expelled,  and  the  laaM 
faintly  ignited,  the  tube  c  shooM  be 
screwed  into  the  mouth  of  the  bottl^ 
Ibrough  a  unatl  bole  left  for  this  pnrpoM 
in  ibe  side  of  the  furnace.  That  tube 
should  be  no  kmger,  and  the  front  waD 
of  tlie  furnace  no  thicker,  thaa  what  il 
absolutely  neeesnrr.  A«  soon  ai  the 
reduction  is  indicated  by  the  wniwjoa 
of  {treea  vapors,  (he  receiver  mut  be 
adapted,  d,  a,  D,  E,  ihown  in  a  large 
scale  in /g.  S90. 

This  is  a  condenser,  in  two  pieces,  made  of  thin  sheet  copper;  d,  the  upper  pan, 
ii  a  rectangular  box,  open  at  bottom,  about  10  inches  high,  by  5  or  6  long,  and  2  vide ) 
ir  to  tbe  side  a,  it  is  divided  inside  into  two  equal  compartments,  up  to  two  thii^ 
of  its  height,  by  a  partition  b,  b,  in  order  io  make  the  Tapcn 
that  issue  from  c  pursue  a  downward  and  circoitou  palk. 
In  each  of  its  narrow  sides,  near  the  top,  a  short  tnbe  ii  aol- 
dered,  at  d  and  a ;  the  former  being  fitted  air-tijhl  inln  the 
end  of  the  nozzle  of  the  retort,  while  the  latter  is  ckiKd  witk 
B  cork  traversed  by  a  slifT  iron  probe  (,  which  passes  throng 
H  small  hole  in  the  partitioo  b,  b,  under  e,  and  ii  employed  to 
keep  the  tube  c  clear,  by  its  drill-shsped  steel  poinL  In  one 
of  the  broad  sides  of  the  box  n,  near  the  lop,  a  bit  of  pipe  ■■ 
soldered  on  at  c,  fur  receiving  the  end  of  a  bent  glass  tube  of 
safety,  which  di|is  its  other  and  lower  end  into  a  glass  con- 
taining naplhn.  e,  the  Wtom  copper  box,  with  naptha, 
which  receives  pretty  closely  the  upper  case  n,  is  to  be  im- 
merged  in  a  cislern  of  cold  water  containing  somelnmpa  of  ice. 
The  chemical  action  by  which  potassa  is  reduced  in  Ihii 
process  seems  to  be  sotnewbal  complicated,  and  hat  not  been 
thoroughly  explained.  A  very  small  proportion  of  pore  pot- 
assium is  obtained  ;  a  great  deal  of  it  ts  converted  ioto  a  bhd 
infusible  mass,  which  passes  over  with  the  metal,  and  is  very 
apt  to  block  up  the  lube.  Should  this  resist  clearing  out  with 
the  probe,  the  fire  must  be  immediately  withdrawn  from  the 
farnace,  otherwise  the  apparatus  wilt  probably  burst  or  Uow 

up.     Care  must  be  taken  lo  prevent  any  moislnre  getting  iato 

the  nozzle,  for  it  would  probably  produce  a  violent  detonation. 

When  the  operation  has  proceeded  regularly,  accompanied  lo  the  end  with  a  constant 
evolulion  of  gas,  the  retort  becomes  nearly  f  mpty,  or  contains  merely  a  little  charcoal,  m 
carbonate  of  patuSEa,  nnd  the  potassinm  collects  in  the  naptha  at  the  bottom  of  1i» 
receiver  i,  in  the  form  of  globules  or  rounded  tumjis,  of  Erealer  or  less  size,  and  of  a 
leaden  hue.  But  the  greater  pari  of  the  met al  esca(>es  with  the  gas,  in  a  stale  of  combina- 
tion not  well  understood.  This  gaseous  compound  bums  with  a  while  or  midish-white 
flame,  and  deposiles  potassa.  Several  ounces  of  potassium  may  be  produced  in  this  way 
at  one  operation ;  but,  as  thus  obtained,  it  always  contains  some  combined  charcoal,  which 
mast  be  separated  by  distilling  il  in  an  iron  retort,  having  ils  beek  plunged  in  naptha. 

Pure  potassium,  as  procured  in  Sir  H.  Davy's  original  method,  by  acting  npon  fused 
potassa  under  a  film  of  naptha,  with  the  nenalive  wire  of  a  powerful  voltaic  battery, 
it  nry  like  quicksilver.    It  i*  temi-fluid  at  60°  Fabr.,  nearly  liquid  at  92°,  and  entirely 
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80  at  12(F.  At  50°  it  is  malleahle,  and  has  the  lustre  of  polished  silver ;  at  32°  it  is  brit- 
tle, with  a  crystalline  fracture;  and  at  a  heat  approaching  to  redness,  it  begins  to  boil,  is 
▼olatilixed,  and  converted  into  a  green  colored  gaJ,  which  condenses  into  globules  upon 
the  surface  of  a  cold  body.  Its  specific  gravity  in  the  purest  state  is  0*865  at  60°.  When 
heated  in  the  air,  it  takes  fire,  and  barns  very  vividly.  It  has  a  stronger  affinity  for  oxy- 
gen than  any  other  known  substance ;  and  is  hence  very  difficult  to  preserve  in  the  me- 
tallic state.  At  a  high  temperature  it  reduces  almost  every  oxygenated  body.  When 
thrown  upon  water,  it  kindles,  and  moves  about  violently  upon  the  surface,  burning  with 
a  red  flame  till  it  be  consumed ;  that  is  to  say,  converted  into  potassa.  When  thrown 
upon  a  cake  of  ice,  i^  likewise  kindles,  and  burns  a  hole  in  it.  If  a  globule  of  it  be  laid 
upon  wet  turmeric  paper,  it  takes  fire,  and  runs  about,  marking  its  desultory  path  with 
red  lines.  The  flame  observed  in  these  cases  is  owing  chiefly  to  hydrogen,  for  it  is  at  the 
expense  of  the  water  that  the  potassium  bums. 

Potassa,  even  in  a  pretty  dilute  solution,  produces  a  precipitate  with  muriate  of  plati- 
num, a  phenomenon  which  distinguishes  it  from  soda.  It  forms,  moreover,  with  sulphuric 
and  acetic  acids,  salts  which  crystallize  very  dififerently  from  the  sulphates  and  acetates  of 
soda. 

POTTERY,  PORCELAIN.  (Eng.  and  Fr,;  Steingui,  PorzeUany  Germ.)  The 
French,  who  are  fond  of  giving  far-fetched  names  to  the  most  ordinary  things,  have 
dignified  the  art  of  pottery  with  the  title  of  ceramique,  from  the  Greek  noun  Ktpafios,  an 
earthen  pot,  compounded  of  two  words  which  signify,  in  that  language,  burned  clay.  In 
reference  to  chemical  constitution,  there  are  only  two  genera  of  baked  stoneware.  The 
first  consists  of  a  fusible  earthy  mixture,  along  with  an  infusible,  which  when  combined 
are  susceptible  of  becoming  semi-vitrified  and  translucent  in  the  kiln.  This  constitutes 
porcelain  or  china-ware ;  which  is  either  hard  and  genuine,  or  tender  and  spurious, 
according  to  the  quality  and  quantity  of  the  fusible  ingredient.  The  second  kind  con- 
sists of  an  infusible  mixture  of  earths,  which  is  refractory  in  the  kiln,  and  continues 
opaque.  This  is  pottery,  properly  so  called;  but  it  comprehends  several  sub- 
species, which  graduate  into  each  other  by  imperceptible  shades  of  difiference.  To 
this  head  belong  earthenware,  stoneware,  flintware,  fayence,  dclAware,  iron-stone 
china,  Slc. 

The  earliest  attempts  to  make  a  compact  stoneware,  with  a  painted  glaze,  seem  to 
have  originated  with  the  Arabians  in  Spain,  about  the  9th  century,  and  to  have  passed 
thence  into  Majorca,  in  which  island  they  were  carried  on  with  no  little  success.  In  the 
14th  century,  these  articles,  and  the  art  of  imitating  them,  were  highly  prized  by  the 
Italians,  under  the  name  of  Majolica,  and  porcc/ana,  from  the  Portuguese  word  for  a  cup. 
The  first  fabric  of  stoneware  possessed  by  them  was  erected  at  Fayenza,  in  the  ecclesias- 
tical state,  whence  the  French  term  fayence  is  derived.  The  body  of  the  ware  was  usu- 
ally a  red  cJay,  and  the  glaze  was  opaque,  being  formed  of  the  oxydes  of  lead  and  tin,  along 
with  potash  and  sand.  Bernhard  de  Pallissy,  about  the  middle  of  the  16th  century,  man- 
ufactured the  first  white  fayence,  at  Saintes,  in  France ;  and  not  long  aAerwanis  the 
Dutch  produced  a  similar  article,  of  substantial  make,  under  the  name  of  del/lware,  and 
delft  porcelain,  but  destitute  of  those  graceful  forms  and  paintings  for  which  the  ware  of 
Fayenza  was  distinguished.  Common  fayence  may  be,  therefore,  regarded  as  a  strong, 
well-burned,  but  rather  coarse-grained  kind  of  stoneware. 

It  was  in  the  17th  century  that  a  small  work  for  making  earthenware  of  a  coarse 
description,  coated  with  a  common  lead  glaze,  was  formed  at  Burslem,  in  Stafifordshire, 
which  may  be  considered  as  the  germ  of  the  vast  potteries  now  established  in  that 
county.  The  manufacture  was  improved  about  the  year  1690,  by  two  Dutchmen,  the 
brothers  Elers,  who  introduced  the  mode  of  glazing  ware  by  the  vapor  of  salt,  which  they 
threw  by  handfuls  at  a  certain  period  among  the  ignited  goods  in  the  kiln.  But  these 
were  rude,  unscientific,  and  desultory  efforts.  It  is  to  the  late  Josiah  W*^edgewood,  Esq. 
that  this  country  and  the  world  at  large  are  mainly  indebted  for  the  grpat  modem 
advancement  of  the  ceramic  art.  It  was  he  who  first  erected  magnificent  factories, 
where  every  resource  of  mechanical  and  chemical  science  was  made  to  co-operate  with 
the  arts  of  painting,  sculpture,  and  statuary,  in  perfecting  this  valuable  department  of 
the  industry  of  nations.  So  sound  were  his  principles,  so  judicious  his  plans  of  procedure, 
'tUnd  so  ably  have  they  been  prosecuted  by  his  successors  in  Staffordshire,  that  a  popula- 
tion of  60,000  operatives  now  derives  a  comfortable  subsistence  within  a  district  formerly 
bleak  and  barren,  of  8  tniles  long  by  6  broad,  which  contains  150  kilns,  and  is  signifi- 
cantly called  the  Potteries. 

OF  THE  MATERIALS  OF  POTTERV  OR  PORCELAIN,  AND  THEIR  PREPARATION. 

1.  Clay. — ^The  best  clay  from  which  the  Staffordshire  ware  is  made,  comes  from 
Dorsetshire;  and  a  second  quality  from  Devonshire;  but  both  are  well  adapted  for 
working,  being  refractory  in  the  fire,  ami  becominar  very  white  when  burnt.  The  clay 
ia  cleaned  as  much  as  possible  by  hand,  and  freed  from  loosely  adhering  stones  at  the 
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pits  where  it  is  dag.  In  the  factory  monnted  by  Mr.  Wedgewood,  which  may  be  re 
garded  as  a  type  of  excellence,  the  clay  is  cut  to  pieces,  and  then  kneaded  into  a  palp 
with  water,  by  engines ;  instead  of  being  broken  down  with  pickaxes,  and  worked  with 
water  by  hand-paddles,  in  a  square  pit  or  water-tank,  an  old  process,  called  bhntgmg. 
The  clay  is  now  thrown  into  a  cast-iron  cylinder,  20  inches  wide,  and  4  feet  high,  or 
into  a  cone  2  feet  wide  at  top,  and  6  feet  deep,  in  whose  axis  an  upright  shaft  rerohes^ 
bearing  knives  as  radii  to  the  shaft.  The  knives  are  so  arranged,  that  their  flat  sides 
lie  in  the  plane  of  a  spiral  line ;  so  that  by  the  revolution  of  the  shaft,  they  not  only  cot 
through  ever)'thing  in  their  way,  but  constantly  press  the  soft  contents  of  the  cylinder 
or  cone  obliquely  downwards,  on  the  principle  of  a  screw.  Another  set  of  koivci 
stands  out  motionless  at  right  angles  from  the  inner  surface  of  the  cylinder,  and  projects 
nearly  to  the  central  shaft,  ha\'ing  their  edges  looking  opposite  to  the  line  of  motion  of 
the  revolving  blades.  Thus  the  two  sets  of  slicing  implements,  the  one  active,  and  the 
other  passive,  operate  like  shears  in  cutting  the  clay  into  small  pieces,  whfle  the  active 
blades,  by  their  spiral  form,  force  the  clay  in  its  comminuted  state  out  at  an  aperture  at 
the  bottom  of  the  cylinder  or  cone,  whence  it  is  conveyed  into  a  cyliodrical  vat,  to  be 
worked  into  a  pap  with  water.  This  cylinder  is  tub-shaped,  being  about  4  times  wider 
than  it  is  d^ep.  '  A  perpendicular  shaft  turns  also  in  the  axis  of  this  vat,  bearing  cross 
spokes  one  below  another,  of  which  the  vertical  set  on  each  side  is  connected  by  upriritt 
staves,  giving  the  moveable  arms  the  appearance  of  two  or  four  opposite  sqaare  padi&e- 
boards  revolving  with  the  shaft.  This  wooden  framework,  or  large  blnnger,  as  it  is  called, 
turns  round  amidst  the  water  and  clay  lumps,  so  as  to  beat  them  into  a  fine  pap,  fram 
which  the  stony  and  coarse  sandy  particles  separate,  and  subside  to  the  bottom.  When- 
ever the  pap  has  acquired  a  cream-consistenccd  uniformity,  it  is  mn  off  through  a  series 
of  wire,  lawn,  and  silk  sieves,  of  different  degrees  of  fineness,  which  are  kept  in  continual 
agitation  backwards  and  forward  by  a  crank  mechanism ;  and  thus  all  the  grosser  parts 
are  completely  separated,  and  hindered  from  entering  into  the  composition  of  the  ware. 
This  clay  liquor  is  set  aside  in  proper  cisterns,  and  diluted  with  water  to  a  staadaid 
density. 

2.  But  clay  alone  cannot  form  a  proper  materia]  for  stoneware,  on  account  of  its  great 
contractility  by  heat,  and  the  consequent  cracking  and  splitting  in  the  kiln  of  the 
vessels  made  of  it;  for  which  reason,  a  silicious  substance  incapable  of  contraction 
must  enter  into  the  body  of  pottery.  For  this  purpose,  ground  flints,  called  flint- 
powder  by  the  potters,  is  universally  preferred.  The  nodules  of  flint  extracted  flnom 
the  chalk  formation  are  washed,  heated  redhot  in  a  kiln,  like  that  for  burning  lime, 
and  thrown  in  this  slate  into  water,  by  which  treatment  they  lose  their  translucencj, 
and  become  exceeding  brittle.  They  are  then  reduced  to  a  coarse  powder  in  a  stamping- 
mill,  similar  to  that  for  stamping  ores ;  see  Metallurgy.  The  pieces  of  flint  are  laid 
on  a  strong  grating,  and  pass  throuch  its  meshes  whenever  they  are  reduced  by  the 
stamps  to  a  certain  state  of  comminution.  This  granular  matter  is  now  transferred  to  the 
proper  flint-mill,  which  consists  of  a  strong  cylindrical  wooden  tub,  bottomed  with  flat 
pieces  of  massive  chert ,  or  hornstone,  over  which  are  laid  laree  flat  blocks  of  similar  chert, 
that  are  moved  round  over  the  others  by  strong  iron  or  wooden  arms  projecting  from  an 
upright  shaft  made  to  revolve  in  the  axis  of  the  mill-tub.  Sometimes  the  active  blocks 
are  fixed  to  these  cross  arms,  and  thus  carried  round  over  the  passive  blocks  at  the  bot- 
tom. See  infrHy  under  Porcelain,  figures  of  the  flint  and  feldspar  mill.  Into  this  cyl- 
indrical vessel  a  small  stream  of  water  constantly  trickles,  which  facilitates  the  grindinf 
motion  and  action  of  the  stones,  and  works  the  flint  powder  and  water  into  a  species  of 
pap.  Near  the  surface  of  the  water  there  is  a  plug-hole  in  the  side  of  the  tub,  by  which 
the  creamy-looking  flint  liquor  is  run  off  from  time  to  time,  to  be  passed  through  lawn  or 
silk  sieves,  similar  to  those  used  for  the  clay  liquor;  while  the  particles  that  remain  oa 
the  sieves  are  returned  into  the  mill.  This  pap  is  also  reduced  to  a  standard  density  by 
dilution  with  water ;  whence  the  weight  of  dry  silicious  earth  present,  may  be  deduced 
from  the  measure  of  the  liquor. 

The  standard  clay  and  flint  liquors  are  now  mixed  together,  in  such  proportion  by 
measure,  that  the  flint  powder  may  bear  to  the  dry  clay  the  ratio  of  one  to  five,  or  occa- 
sionally one  to  six,  according  to  the  richness  or  plasticity  of  the  clay ;  and  the  liquors  are 
intimately  incorporated  in  a  revolving  churn,  similar  to  that  employed  for  making  the  clay- 
pap.  This  mixtnre  is  next  freed  from  its  excess  of  water,  by  evaporation  in  oblong  stone 
troughs,  called  sUp-kilm,  bottomed  with  fire-tiles,  under  which  a' furnace  flue  runs?  The 
breadth  of  this  evaporatinij  trough  varies  from  2  to  6  feet ;  its  length  from  20  to  50 ;  and 
its  depth  from  8  to  12  inches,  or  more. 

By  the  dissipation  of  the  water,  and  careful  agitation  of  the  pap,  a  uniform  doughy 
mass  is  obtained;  which,  being  taken  out  of  the  trough,  is  cut  into  cubical  lumps. 
These  are  piled  in  heaps,  and  left  in  a  damp  cellar  for  a  considerable  time ;  that  is, 
several  months,  in  large  manufactories.  Here  the  dough  suffers  disintegration,  prorioted 
by  a  kind  of  fermentative  action,  due  probably  to  some  vegetable  matter  in  the  water 
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••d  the  clay ;  for  it  becoouw  black,  and  exhales  a  fetid  odor.  The  argillaceous  and  sili- 
CKMi  particles  get  disintegrated  also  by  the  action  of  the  water,  in  such  a  way  that  the 
wire  made  with  old  paste  is  found  to  be  more  homogeneous,  finer  grained,  and  not  so  apt 
to  enek  or  to  get  disfigured  in  the  baking,  as  the  ware  made  with  newer  paste. 

Bat  thU  chemical  comminution  must  be  aided  by  mechanical  operations ;  the  first  of 
which  is  called  the  potter's  sloping  or  teedging.  It  consists  in  seizing  a  mass  of  clay  in 
the  hands,  and,  wiih  a  twist  of  both  at  once,  tearing  it  into  two  pieces,  or  cutting  it  with 
•  wire.  These  are  again  slapped  together  with  force,  but  in  a  different  direction  from  that 
in  which  they  adhered  before,  and  then  dashed  down  on  a  board.  The  mass  is  once  more 
torn  or  cut  asunder  at  right  angles,  again  slapped  together,  and  so  worked  repeatedly  for 
20  or  30  times,  which  ensures  so  complete  an  incorporation  of  the  different  parts,  that  if 
the  mass  had  been  at  first  half  bJack  and  half  white  clay,  it  would  now  be  of  a  uniform 
gray  color.  A  similar  effect  is  produced  in  some  large  establishments  by  a  slicing  machine, 
like  that  used  for  catting  down  the  clay  lumps  as  they  come  from  the  pit. 

In  the  axis  of  a  cast  iron  cylinder  or  cone,  an  upright  shaA  is  made  to  revolve,  from 
which  the  spiral-shaped  blades  extend,  with  their  edges  placed  in  the  direction  of  ro- 
tation. The  pieces  of  clay  subjected  to  the  action  of  these  knives  (with  the  reaction  of 
fixed  ones)  are  minced  to  small  morcels,  which  are  forced  pell-mell  by  the  screw-like 
pressure  into  an  opening  of  the  bottom  of  the  cylinder  or  cone,  from  which  a  horizontal 
pipe  about  6  inches  square  proceeds.  The  dough  is  made  to  issue  through  this  outlet, 
and  is  then  cut  into  lengths  of  about  12  inches.  These  clay  pillars  or  prisms  are  thrown 
back  into  the  cylinder,  and  subjected  to  the  same  operation  again  and  again,  till  the 
lamps  have  their  particles  perfectly  blended  together.  This  process  may  advantageously 
pre^e  Iheir  being  set  aside  to  ripen  in  a  damp  cellar.  In  France  the  stoneware  dough 
ii  not  worked  in  such  a  machine ;  but  af\er  being  beat  with  wooden  mallets,  a  practice 
common  also  in  England,  it  is  laid  down  on  a  clean  floor,  and  a  workman  is  set  to  tread 
apon  it  with  naked  feet  for  a  considerable  time,  walking  in  a  spiral  direction  from  the 
centre  to  the  circumference,  and  from  the  circumference  to  the  centre.  In  Sweden, 
tod  also  in  China  (to  judge  from  the  Chinese  paintings  which  represent  their  manner 
flf  making  porcelain),  the  clay  is  trodden  to  a  uniform  mass  by  oxen.  It  is  aAerwards,  in 
all  case^,  kneaded  like  baker's  dough,  by  folding  back  the  cake  upon  itself,  and  kneading 
it  oot,  alternately. 

The  process  of  slapping  consists  in  cutting  through  a  large  mass  with  a  wire,  liAing  up 
cither  half  in  both  hands,  and  casting  it  down  with  great  violence  on  the  other ;  and  this 
Yiolent  treatment  of  the  clay  is  repeated  till  every  appearance  of  air-bubbles  is  removed, 
for  the  smallest  remaining  vesicle  expanding  in  the  kiln,  would  be  apt  to  cause  blisters  or 
Warts  upon  the  ware. 

Having  thus  detailed  the  preparation  of  the  stoneware  paste,  we  have  next  to  describe 
the  methods  of  forming  it  into  articles  of  various  forms. 

Tknneing  is  performed  upon  a  tool  called  the  potter's  lathe.  (See  fig.,  infra.)  This 
cooufts  of  an  upright  iron  sha(\,  about  the  height  of  a  common  table,  on  the  top  of  which 
ii  fixed,  by  its  centre,  a  horizontal  disc  or  circular  piece  of  wood,  of  an  area  sufficientl) 
rest  for  the  largest  stoneware  vessel  to  stand  upon.  The  lower  end  of  the  shaft  is  point 
ai,and  runs  in  a  conical  step,  and  its  collar,  a  little  below  the  top-board,  being  truly 
tarned,  is  embraced  in  a  socket  attached  to  the  wooden  frame  of  the  lathe.  The  shaft  has 
t  policy  fixer]  upon  it,  with  grooves  for  3  speeds,  over  which  an  endless  hand  passes  from 
t  flf'Wheel,  by  whose  revolution  any  desired  rapidity  of  rotation  may  be  given  to  the  sha(\ 
ud  its  top-board.  This  wheel,  when  small,  may  be  placed  alongside,  as  in  the  turner's 
^>thf,  and  then  it  is  driven  by  a  treadle  and  crank  ;  or  when  of  larger  dimensions,  it  is 
tamed  by  the  arms  of  a  laborer.  Sometimes,  indeed,  the  wooden  plate  is  replaced  by 
t  large  thick  disc  of  Paris  plaster,  which  is  whirled  round  by  the  hand  of  the  potter, 
^oat  the  intervention  of  a  pulley  and  fly-wheel,  and  affords  suflicicnt  centrifugal 
power  for  fashioning  small  vessels.  The  mass  of  dough  to  be  thrown,  is  weighed  out 
V  nused  by  an  experienced  hand.  The  thrower  dashes  down  the  lump  on  the 
centre  of  the  revolving  board,  and  dipping  his  hands  frequently  in  an  adjoining  tub  of 
**ter,  he  works  up  the  clay  into  a  tall  irregular  cylinder,  and  then  down  info  a  cake, 
'Iternalely,  till  he  has  secured  the  final  extrication  of  air-bubbles,  and  then  gives  the 
Proper  form  to  the  vessel  under  a  less  speed  of  rotation,  regulating  its  dimensions  by 
WoQd(>Q  pe;rs  and  irauges.  He  now  cuts  it  off  at  the  base  with  a  piece  of  fine  brass  wire, 
^^tened  to  a  handle  at  either  end.  The  vessel  thus  rudely  fashioned  is  placed  in  a  st- 
lintion  where  it  may  dry  gradually  to  a  pro|>er  point.  At  a  certain  stage  of  the  drying, 
^Hed  the  eretn  state,  it  possesses  a  greater  tenacity  than  at  any  other,  till  it  is  baked, 
't  ii  then  taken  to  another  lathe,  called  the  turning  lathe,  where  it  is  attached  by  a  little 
iDoi^ture  to  the  vertical  face  of  a  wooden  chuck,  and  turned  nicely  into  its  proper  shape 
^th  a  very  sharp  tool,  which  also  smooths  it.  AAer  this  it  is  slightly  burnished  with  a 
ittooUi  steel  sorface. 
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DE8C1UPTX0N  OF  THE  FOTTEft's  LATHE. 

A,  fig,  891,  is  the  profile  of  the  English  potter's  lathe,  for  Uoeking  out 
ware ;  c  is  the  table  or  tray ;  a  is  the  head  of  the*  lathe,  with  its  horizontal  disc ;  o,!^ 
18  the  uprieht  shaft  of  the  he^d;  d,  pulleys  with  sereral  grooTCS  of  djfloal 
diameters,  fixed  upon  the  shaft,  for  receiving  the  driTing-eord  or  band  ;  Ir  is  a  hmk 
upon  whicH  the  wojkman,  sits  astride ;   e,  the  treadle  foot-board ;  /  is  a  ledge4M»4 


for  catching  the  shavings  of  clay  which  fly  off  from  the  *]athe ;  &  is  an  instrvnesl, 
with  a  slide-nut  t,  for  measuring  the  objects  in  the  blocking  out;  e  is  the  fly-vbed 
with  its  winch-handle  r,  turned  by  an  assistant ;  the  sole-frame  is  secured  in  its  phee 
by  the  heavy  stone  p ;  f  is  the  oblong  guide-pulley,  having  also  seven]  grooves  lor  eoa> 
vertin?  the  vertical  movement  of  the  fly-wheel  into  the  horizontal  movement  of  the  head 
of  the  lathe. 

D  is  one  of  the  intermediate  forms  given  by  the  potter  to  the  ball  of  day,  as  it  remlro 
upon  the  head  of  the  lathe. 

In  large  potteries,  the  whole  of  the  lathes,  both  for  throwing  and  turning,  are  pst  it 
motion  by  a  steam-engine.  The  vertical  spindle  of  the  lathe  has  a  bevel  wheel  on  it, 
which  works  in  another  bevel  toothed  wheel  fixed  to  a  horizontal  shaft.  This  shaft  ii 
provided  with  a  long  conical  wooden  drum,  from  which  a  strap  ascends  to  a  similar  eiK 
nical  drum  on  the  main  lying  shaft.  The  apex  of  the  one  cone  corresponds  to  the  base 
of  the  other,  which  allows  the  strap  to  retain  the  same  degree  of  tension  (see  the  eonieaj 
drum  apparatus  of  the  Stearine-press),  while  it  is  made  to  traverse  horizontally,  in  order 
to  var>'  the  speed  of  the  lathe  at  pleasure.  When  the  belt  is  at  the  base  of  the  drivisg- 
cone,  it  works  near  the  vertex  of  the  driven  one,  so  as  to  give  a  n«ximnm  velocity  to  the 
lathe,  and  vice  versa. 

During  the  throwing  of  any  article,  a  separate  mechanism  is  conducted  by  a  boy, 
which  makes  the  strap  move  parallel  to  itself  along  these  conical  drums,  and  nicely  re- 
gulates the  speed  of  the  lathe.  When  the  strap  runs  at  the  middle  of  the  cones,  the 
velocity  of  each  shaA  is  equal.  By  this  elegant  contrivance  of  parallel  cones  reversal 
the  velocity  rises  gradually  to  its  maximum,  and  returns  to  its  minimum  or  slower  motioB 
when  the  workman  is  about  finishing  the  article  thrown.  The  strap  is  then  transferred  tt 
a  pair  of  loose  pulleys,  and  the  lathe  stops.  The  vessel  is  now  cot  off  at  the  base  with 
small  wire ;  is  dried,  turned  on  a  power  lathe,  and  polished  as  above  described. 

The  same  degree  of  dryness  which  admits  of  the  clay  being  turned  on  the  laihe,  alM 
suits  for  fixing  on  the  handles  and  other  appendages  to  the  vessels.  The  parts  to  be 
attached,  bein?  previously  prepared,  are  joined  to  the  circular  work  by  means  of  a  thin  paste 
which  the  workmen  call  «/t/),  and  the  seams  are  then  smoothed  off  with  a  wet  sponge. 
They  are  now  taken  to  a  stove-room  heated  to  80°  or  90®  F.,  and  fitted  up  with  a  great  many 
shelves.  When  they  are  fully  dried,  they  are  smoothed  over  with  a  small  bundle  of  hemp, 
if  the  articles  be  fine,  and  are  then  ready  for  the  kiln,  which  is  to  convert  the  tender  day 
into  the  hard  biscuit, 

A  great  variety  of  pottery  wares,  however,  cannot  be  fashioned  on  the  lathe,  as  they 
are  not  of  a  circular  form.  These  are  made  by  two  different  methods,  the  one  called 
jrreas'tcorkf  and  the  other  casting.  The  press-work  is  done  in  moulds  made  of  Paris 
plaster,  the  one  half  of  the  pattern  bein?  formed  in  the  one  side  of  the  mould,  and  the 
other  half  in  the  other  side :  these  moulding-pieces  fit  accurately  together.  All  vessels 
of  an  oval  form,  and  such  as  have  flat  sides,  are  made  in  this  way.  Handles  of  tea- 
pots, and  fluted  solid  rods  of  various  shapes,  are  formed  by  pressure  also ;  viz.,  by 
squeezing  the  dough  contained  in  a  pump-barrel  through  different  shaped  orifices  at  its  bot- 
tom, by  working  a  screw  applied  to  the  piston-rod.  The  worm-shaped  dough,  as  it  issnes, 
is  cut  to  proper  lengths,  and  bent  into  the  desired  form.  Tubes  may  be  also  made  on  the 
same  pressure  principle,  only  a  tubular  opening  must  be  provided  in  the  bottom  plate  of 
the  day-forcing  pump. 
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The  otber  mEthod  of  fuhioning  earthennre  ■rtides  a  cxUed  caiting,  •nd  U,  perhapi, 
'the  EDoel  ele^Dl  for  such  u  have  ui  irreinilir  shnpe.  This  operUloa  conuEU  in  ponr- 
ing  the  clay,  in  the  Glme  of  jisp  or  »llp,  into  plaster  moulds, 'which  are  kept  in  a 
deiLCcated  stale.  Thme  moulds,  as  well  as  the  pressure  (me^  are  made  in  halves,  vbich 
nicel;  corrcsjKtnd  logelher.  The  slip  is  ponrMl  h  till  the  cavity  is  quite  full,  and  is 
left  in  Ihe  mould  Tor  a  certain  lime,  more  or  Ins,  acedrdin!;  to  the  intended  (hickness  of 
tbe  teasel.  The  ttbaoibenl  power  of  the  plaster  soon  absliaels  tbe'lrater,  and  makes  Ihe 
coat  of  clay  in  contact  with  it  quile  doughy  and  stiff,  so  Ihal  the  part  alill  liquid  being 
poured  onl,  a  holloir  shape  remains,  nhich  when  removed  from  the  mould  constitute! 
tbe  half  of  ihe  Teuel,  beating  externally  the  exact  impress  of  the  mould.  Tbe  ihicknesi 
of  the  clay  varies  with  the  time  thai  the  paste  has  sloixl  upon  the  plaster.  These  cast 
>rUcle«  are  dried  to  Ihe  green  elate,  like  Ihe  preceding,  and  then  joined  accnratcly  wilh 
tlip.  Imitations  of  flowers  and  foliage  are  elegantly  executed  in  this  way.  Tbi* 
operation,  which  is  called  /urnuAing,  requires   very    delicate  and  dexterous  manlpo- 

The  saggers  for  the  nnglazed  colnred  stoneware  sboaM  be  covered  inside  with  a 
glaze  composed  of  12  parts  of  commoa  salt  and  30  of  potash,  or  6  parts  of  polash  aad 
14  of  salt;  which  may  be  miied  with  a  little  of  Ihe  common  enamel  for  the  glued 
pottery  saggers.  The  bollom  of  each  sagser  has  some  bits  of  Hints  sprinkled  upon  it, 
which  become  so  adherent  aAer  the  Grsl  flring  as  to  form  a  multitude  of  little  promi- 
nences far  Betting  the  wark  upon,  when  this  does  not  consist  of  plates.  It  is  the  duly 
rf  the  workmen  belonging  to  Ihe  glaze  kiln  to  make  the  saggers  during  Ihe  interval* 
of  their  work)  or,  if  there  be  a  relay  of  bands,  the  man  icho  is  nol  flring  makes  the 

The  English  kilns  difler  from  thoseofFrance  and  Germany,  in  their  conBtrDclion,in  Ihe 
nature  of  their  ruel,and  in  the  high  lemperature  required  to  produce  a  sorfaee  snlEcienlly 
hard  for  a  perfectly  fine  glaze. 

When  the  ware  is  sufficiently  dry,  and  in  euflicient  quantity  to  fill  a  kiln,  the  neit 
process  is  placing  the  varioue  nrlicles  in  the  baked  fire-clay  vessels,  which  may  be  either 
of  a  cylindrical  or  oval  shape  i  called  gn=(llii,  Fr. ;  kapirh.  Germ.  These  are  from  6 
to  8  inches  deep,  and  from  12  to  18  inches  in  diameter.  When  packed  l\ill  of  Ihe  dry 
ware,  Ihey  are  piled  over  each  other  in  Ihe  kiln.  The  bollom  of  the  upper  *Bccer  forms 
Ihe  lid  of  its  fellow  below  ;  and  the  junction  of  the  Iwo  is  luted  wilh  a  ring  of  scfl  clay 
applied  between  them.  These  dishes  protect  the  ware  from  being  suddenly  and  unetiually 
healed,  anAfrom  being  soiled  by  the  smoke  and  vapors  of  the  fuel.      Each  pile  of  EB^er* 


Figi.  892, 893, 894, 895, 896,  represcnl  Ihe  kiln  for  baking  the  biscuit,  and  also  for  nm- 
sing  tbe  glaze,  in  Ibe  English  potteries. 
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a,  a,  ^fi.  S9Z,g93,  RndS94, arc  t)i«rumRce«wliiehhe*llheb[la;  of  w)udb,injit 
992,  are  the  upper  moulh!,  and  ^  Uie  lower ;  (be  foimei  being  closed  mare  or  Icn  bitik 
fiie-tile  z,  shown  in  fig.  896. 
/ii  one  fireplace;  far  the  manner  or  distributing  Ibe  fael  in  it,  see  J!;.  896. 
g,  y.  fii'-  '^3  anil  B9$,  are  (he  hoiizonlal  and  vertical  flues  and  chimneys  for  em- 
iloctin;  the  flame  and  smoke.  J  is  the  laboratory,  or  body  of  (he  kiln ;  haTiii|>  iu  toM 
k  sloping  slizhlly  dovnwards  from  tbe  centre  to  the  circninference.  r,  ji,  is  the  ilit  cf 
tbe  borizon(al  register,  leadint!  to  (be  chimney  flae  y  of  the  furnace,  being  the  Gnt  nfs- 
latorj  I,  u,  is  the  veriieid  register  conduit,  1padin)t  to  the  furnace  or  moalb  /,  beini  tk 
second  regulalor ;  v  is  (he  register  slit  above  the  faniace,  sad  i(i  vertical  flne  leadnf 
into  the  body  of  the  kibi ;  tf,  c,  slit  for  re?u1atin;  flue  at  (he  shanlder  of  the  kila ;  i  k 
anarcbnhich  supports  the  walls  of  the  kiln,  when  the  furnace  ii  under  repair;  t,t, 
are  small  flues  in  the  vault  t  of  the  labonKory.  Ii,fif.  893,  is  the  ceatral  Bue,  catW 
itMUe,  of  the  tabormtory. 

T,  T,  is  the  conical  (ower  or  hmulty  slren>!lhened  with  a  leriea  of  iron  hoops,  o'  is  the 
great  chimney  or  IwntUt  of  th«  tower  {  p  is  (he  door  of  the  laboratory,  boniid  inside  vili 
an  iron  frame. 

899  A,  is  the  complete  kiln  and  hoatll,  with  all  iti  a^inrlt- 

nances. 

B,fig.  B93,  is  *bt  plan  at  the  level  d,a,oC  the  Boot,  k 
show  the  arraniement  and  distribution  tj"  all  the  honnalil 
Hues,  both  circular  and  radialini. 

c,fif:.  (s94,  is  a  plan  at  the  level  e,  e,  (ri*  the  nppcr  months  I, 

of  the  furnaces,  lo  show  (he  disposition  of  the  fireplaeei  oTlk 

vertical  flues,  and  of  the  hoTizoatal  register*,  or  peep-beta. 

D,fig.  894,  is  a  bird's-eye  view  of  the  top  of  the  *aalt  or 

dome  I,  (□  show  the  disposition  of  tbe  vent-holra  c,  c, 

£,  fig.  895,  is  B  detailed  plan  at  tbe  level  c,  c,  ofoae  f«- 
nace  and  its  dependencies. 

r,fig.  896,is  a  transverse  seelioD,  in  detail,  of  oaeratnaca 
and  its  dependencies. 
The  tame  letters  in  all  Ihe  figures  indicate  the  nae  oh- 

Cltarginso/the  fei/n.— The  snggers  are  piled  npfiittia  lie 
space  between  each  of  the  upright  fnmsees,  titSheyiiKtB 

1"  the  top  of  the  floe*.      These  contain  the  nmaller  articles. 

Above  Ibis  level,  large  fire  tiles  are  laid,  for  sopporting  other  sumrers,  filled  wjth  tempi, 
lagar  basins,  &.c  In  Ihe  bottom  part  of  the  pile,  within  the  preceding,  Ihe  aameaortief 
articles  are  put ;  but  in  the  upper  part  all  such  articles  are  placed  as  require  ■  high  hat. 
Four  piles  of  small  saggers,  with  a  middle  one  lU  inches  in  height,  complete  the  ehtin. 
As  there  are  6  piles  between  each  furnace,  and  as  (he  biseait  kiln  has  8  furnaces,  sehai^ 
consequently  amounts  (o  48  or  50  ^a;i,  each  composed  of  from  IS  to  19  safgeis.  Tie 
inclination  of  the  bungs  ought  always  to  follow  (he  form  of  the  kiln,  and  should  theirfare 
tend  towards  the  centre,  lest  the  strong  drau<:ht  of  the  furnaces  should  make  the  saltm 
fall  against  the  walla  of  the  kiln,  an  accident  apt  to  happen  were  these  piles  perpendicnUr. 
The  last  Wf>:"  of  each  bnng  is  covered  with  an  unbaked  one,  three  inches  deep,  in  pita 
of  a  round  lid.  The  watches  are  small  cups,  of  the  same  biscuit  as  the  charge,  placed  in 
taggers,  four  in  number,  above  the  level  of  the  flue-tops.  They  are  taken  hastily  ont  of 
the  saggers,  lest  they  should  get  smoked,  and  are  thrown  into  cold  water. 

When  the  charging  is  completed,  the  firing  is  commenced,  with  coal  of  the  beat  qnaiity. 
The  management  of  Ihe  furnace  is  a  matter  uf  great  consequence  to  the  inccesi  of  ihr 
process.  No  greater  heat  sboulil  be  employed  for  some  time  Ihsn  may  be  oeeessiry  to 
agglutinate  the  panicles  which  enter  into  (he  composition  of  the  paste,  by  e*«poratin|  tU 
the  humidity  ;  and  the  heat  should  never  be  raised  so  high  as  to  endanger  the  foiion  of 
tbe  wure,  which  would  make  it  very  brittle. 

Whenever  Ihe  moulh  or  door  of  (be  kiln  is  built  up,  a  child  prepares  screral  fires  in  the 
neighborhood  of  the  lioweli,  while  a  laborer  transports  in  a  wheelbarrow  a  supply  of 
coals,  and  introduces  into  each  furnace  a  number  of  lumps.  These  lumps  divide  (hefnr- 
nace  into  two  pnrts;  (hose  for  the  npper  Rues  being  placed  above,  and  those  Ibr  the  ground 
Bues  below,  which  must  be  kept  unobstructed. 

The  fire-mouths  being  charged,  they  nre  kindled  to  begin  the  baking,  the  regulatot 
tile  t,  fig.  896,  being  now  opened  ;  an  hour  aHerwards  Ihe  bricks  at  the  bottom  i^  the 
furnace  are  slopped  up.  The  fire  is  usually  kindled  a(  6  o'clock  in  the  evening,  and 
pn^rcisively  increased  till  10,  when  it  begins  to  gain  force,  and  the  Hame  rises  half-way  ap' 
thechimney.  The  second  charge  is  put  in  at  8  o'clock,  and  themouthsof  (he  fumaceiare 
then  covered  with  (iles  t  by  which  time  the  flame  issues  through  Ihe  vent  of  the  lower.  An 
boar  aAerwaidi  a  freth  chai^  ia  made ;  the  tiles  t,  which  cover  Ihe  furnace*,  are  d^^cd 
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back ;  the  cinders  are  drawn  to  the  front,  and  replaced  with  small  coal.  About  half 
past  1 1  o'clock  the  kiln-man  examines  his  furnaces,  to  see  that  their  draught  is  pro- 
perly regulated.  An  hour  aAerwards  a  new  charge  of  coal  is  applied ;  a  practice  repeated 
hourly  till  6  o'clock  in  the  morning.  At  this  moment  he  takes  out  his  first  watch,  to 
■ee  how  the  baking  goes  on.  It  should  be  at  a  very  pale-red  heat ;  but  the  watch  of  7 
o'clock  should  be  a  deeper  red.  He  removes  the  tiles  from  thos^Tumaces  which  appear  to 
liaTe  been  burning  too  strongly,  or  whose  flame  issues  by  the  orifices  made  in  the  shoulder 
of  the  kiln;  and  puts  tiles  upon  those  which  are  not  hot  enough.  The  flames  glide 
along  briskly  in  a  regular  manner.  At  this  period  he  draws  out  the  watches  every 
quarter  of  an  hour,  and  compares  them  with  those  reserved  from  a  previous  standard 
kiln :  and  if  he  observes  a  similarity  of  appearance,  he  allows  the  furnaces  to  bom  a 
little  longer ;  then  opens  the  mouths  carefully  and  by  slow  degrees ;  so  as  to  lower  the 
heat,  and  finish  the  rouad. 

The  baking  usually  lasts  from  40  to  42  hours ;  in  which  time  the  biscuit  kiln  may  con- 
sume 14  tons  of  coals ;  of  which  four  are  put  in  the  first  day^  seven  the  next  day  and  fol- 
lowing night,  and  the  four  last  give  the  strong  finishing  heat. 

Emptying  the  kiln. — ^The  kiln  is  allowed  to  cool  very  slowly.  On  taking  the  ware 
out  of  the  saggers,  the  biscuit  is  not  subjected  to  friction,  as  in  the  foreign  potteries, 
because  it  is  smooth  enough;  but  is  immediately  transported  to  the  place  where  it  is  to 
be  dipped  in  the  glaze  or  enamel  tub.  A  child  makes  the  pieces  ring,  by  striking  with  the 
handle  of  the  brush,  as  he  dusts  them,  and  then  immerses  them  into  the  glaze  cream  ; 
flrom  which  tub  they  are  taken  out  by  the  enamellcr,  and  shaken  in  the  air.  The  tub 
utnally  contains  no  more  than  4  or  5  inches  depth  of  the  glaze,  to  enable  tlie.  workman 
to  pick  out  the  articles  more  readily,  and  to  lay  them  upon  a  board,  whence  they  are 
taken  by  a  child  to  the  glaze  kiln. 

Glazing, — A  good  enamel  is  an  essential  element  of  fine  stoneware ;  it  should  expen- 
ence  the  same  dilatation  and  contraction  by  heat  and  cold  as  the  biscuit  which  it  covers. 
The  English  enamels  contain  nothing  prejudicial  to  health,  as  many  of  the  foreign  glazes 
do ;  no  more  lead  being  added  to  the  former  than  is  absolutely  necessary  to  convert  the 
ftilicious  and  aluminous  matters  with  which  it  is  mixed  into  a  perfectly  neutral  glass. 

Three  kinds  of  glazes  are  used  in  Stafibrdshire ;  one  for  the  common  pipe-clay  or 
cream-colored  ware;  another  for  the  finer  pipe-clay  ware  to  receive  impressions, 
called  printing  body ;  a  third  for  the  ware  which  is  to  be  ornamented  by  painting  with  the 
pencil. 

The  glaze  of  the  first  or  common  ware  is  composed  of  53  parts  of  white  lead,  16  of 
Cornish  stone,  36  of  ground  flints,  and  4  of  flint  glass;  or  of  40  of  white  lead,  36  of  Cor- 
nish stone,  12  of  flints,  and  4  of  flint  or  crystal  glass.  These  compositions  are  not  fritted; 
but  are  employed  aAer  being  simply  triturated  with  water  into  a  thin  paste. 

The  following  is  the  composition  of  the  glaze  intended  to  cover  all  kinds  of  figures 
printed  in  metallic  colors ;  26  parts  of  white  feldspar  are  fritted  with  6  parts  of  soda,  2  of 
nitre,  and  1  of  borax ;  to  20  pounds  of  this  frit,  26  parts  of  feldspar,  20  of  white  lead,  6 
of  ground  flints,  4  of  chalk,  1  of  oxyde  of  tin,  and  a  small  quantity  of  oxyde  of  cobalt,  to 
take  oflf  the  brown  cast,  and  give  a  faint  azure  tint,  are  added. 

The  following  recipe  may  also  be  used.     Frit  together  20  parts  of  flint  glass,  6  of  flints, 
2  of  nitre,  and  1  of  borax ;  add  to  12  parts  of  that  frit,  40  parts  of  white  lead,  36  of  feld 
xpar,  8  of  flints,  and  6  of  flint  glass ;  tlien  grind  the  whole  together  into  a  uniform  cream- 
oonsistenced  paste. 

As  to  the  stoneware  which  is  to  be  painted,  it  is  covered  with  a  glaze  composed  of  13 
parts  of  the  printing-color  frit,  to  which  are  added  50  parts  of  red  lead,  40  of  white  lead, 
and  12  of  flint ;  the  whole  having  been  ground  together. 

The  above  compositions  produce  a  very  hard  glaze,  which  cannot  be  scratched  by  the 
knife,  is  not  acted  upon  by  vegetable  acids,  and  does  no  injur}'  to  potable  or  edible  arti- 
cles kept  in  the  vessels  covered  with  it.  It  preserves  for  an  indefinite  time  the  glassy 
lostre,  and  is  not  subject  to  crack  and  exfoliate,  like  most  of  the  Continental  stoneware, 
owde  from  common  pipe-clay. 

In  order  that  the  saggers  in  which  the  articles  are  baked,  aAer  receiving  the  glaze,  may 
not  absorb  some  of  the  vitrifying  matter,  they  are  themselves  coated,  as  alxjve  mentioned, 
with  a  glaze  composed  of  13  parts  of  common  salt,  and  30  parts  of  potash,  simply  dissolved 
in  water,  and  brushed  over  them. 

OlcLze  kiln, — ^This  is  usually  smaller  than  the  biscuit  kUn,  and  contains  no  more  than 
40  or  45  bungs  or  columns,  each  composed  of  16  or  17  saggers.  Those  of  the  first  bung 
rest  upon  round  tiles,  and  are  well  luted  together  with  a  finely  ground  fire-clay  of  only 
moderate  cohesion ;  those  of  the  second  bung  are  supported  by  an  additional  tile.  The 
lower  saggers  contain  the  cream-colored  articles,  in  which  the  glaze  is  soAer  than  that 
which  covers  the  blue  printed  ware ;  this  being  always  placed  in  the  intervals  between 
the  fomaces,  and  in  the  uppermost  saggers  of  the  colamns.  The  bottom  of  the  kiln, 
whm  the  glazed  ware  is  not  baked,  is  occupied  by  printed  biscuit  ware. 
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PyroTnetric  balls  of  red  day,  coated  with  a  Tery  fhsiMe  lead  enamel,  are  empkyii  li 
the  English  potteries  to  ascertain  the  temperature  of  the  glaze  kilns.  This  enamel  ii  ■ 
rich,  and  the  clay  upon  which  it  is  spread  is  so  fine-grained  and  compact,  that  eren  vha 
exposed  for  three  hours  to  the  briskest  flame,  it  does  not  lose  its  Instre.  The  color  tf 
the  clay  alone  changes,  whereby  the  workman  is  enabled  to  judge  of  the  decree  of  keH 
within  the  kiln.  At  first  the  balls  have  a  pale  red  appearance ;  bat  they  become  brovas 
with  the  increase  of  the  temperature.  The  balls,  when  of  a  slightly  dark-red  cokv,  iifi- 
cate  the  degree  of  baking  for  the  hard  glaze  of  pipe-clay  ware ;  but  if  they  beccoie  dak 
brown,  the  glaze  will  be  much  too  hard,  being  that  suited  for  trtmt^OM  ware ;  lastly,  wha 
they  acquire  an  almost  black  hue,  they  show  a  degree  of  heat  suited  to  the  formatioBif 
a  glnze  upon  porcelain. 

The  i^lazier  provides  himself  at  each  round  with  a  stock  of  these  ball  iDff/cA««,  lestnd 
from  the  preceding  baking,  to  serve  as  objects  of  comparison;  and  he  never  slacknu Ik 
firing  till  he  has  obtained  the  same  depth  of  shade,  or  even  somewhat  more;  lor  I 
may  be  remarked,  that  the  more  rounds  a  glaze  kiln  has  made,  the  browner  the  ball 
are  apt  to  become.  A  new  kiln  bakes  a  round  of  enamel-ware  sooner  than  an  old  one; 
as  also  with  less  fuel,  and  at  a  lower  temperature.  The  watch-balls  of  these  first  roo^ 
have  generally  not  so  deep  a  color  as  if  they  were  tried  in  a  Aimace  three  or  te 
months  old.  AAer  this  period,  cracks  begin  to  appear  in  the  furnaces ;  the  horiaoalil 
flues  set  partially  obstructed,  the  joinings  of  the  brickwork  become  loose;  in  conie- 
quencc  of  which  there  is  a  loss  of  heat  and  waste  of  fuel ;  the  baking  of  the  glaze  taks 
a  lonser  time,  and  the  pyrometric  balls  assume  a  different  shade  from  what  they  had  fli 
being  taken  out  of  the  new  kiln,  so  that  the  first  watches  are  of  no  comparable  use  aftff 
two  months.  The  baking  of  enamel  is  commenced  at  a  low  temperatare,  and  the  heat 
is  progressively  increased  ;  when  it  reaches  the  melting  point  of  the  glaze,  it  mast  k 
maintained  steadily,  and  the  furnace  mouths  be  carefully  looked  after,  lest  the  heat 
should  be  suffered  to  fall.  The  firing  is  continued  14  hours,  and  then  grwhal^ 
lowered  by  slight  additions  of  fuel ;  aAer  which  the  kiln  is  alloweid  from  6  to  6  hoais  to 
cool. 

Muffles, — ^The  paintings  and  the    printed  figures  applied  to  the  glaze  of  stoM* 

ware  and  porcelain  are  baked  in  mnffln 
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of  a  peculiar  form.  Fig.  897  is  a  lateial 
elevation  of  one  of  these  muffles ;  Jig,  M 
is  a  front  view.  The  same  letters  Stattt 
the  same  parts  in  the  two  figures. 

a  is  the  furnace ;  6,  the  oblong  miiflc^ 
made  of  fire-clay,  surmounted  with  a  doae 
pierced  with  three  apertures  k,  Ip,  k,  for  tke 
escape  of  the  vaporous  matters  of  the  col- 
ors and  volatile  oils  with  which  they  sic 
(H^und  up ;  c  is  the  chimney ;  <f,  rf,  feed- 
holes,  by  which  the  fuel  is  introduced ;  f, 
the  fire-grate ;  /,  the  ash-pit ;  channeb  ut 
left  in  the  bottom  of  the  furnace  to  facili- 
tate the  passage  of  the  flame  beneath  the  muflle;  g  is  a  lateral  hole,  which  makes  a 
communication  across  the  furnace  in  the  muffle,  enabling  the  kiln  man  to  ascertain  what 
is  pnssini;  within  ;  k,  k%  arc  the  lateral  chinks  for  observing  the  progress  of  the  firing  oi 
flami' ;  /,  is  an  opening  scooped  out  in  the  front  of  the  chimney  to  modify  its  draught. 

The  articles  which  are  printed  or  painted  upon  the  e laze  are  placed  in  themafBe 
without  saiTcers,  upon  tripods,  or  moveable  supports  furnished  with  feet.  The  muffle 
being  charszed,  its  mouth  is  closed  with  a  fire-tile  well  luted  round  its  edges.  The  fad 
is  then  kindled  in  the  fire-places  (/,  d,  and  the  door  of  the  furnace  is  closed  with  bricks, 
in  which  a  small  opening  is  lefl  for  taking  out  samples,  and  for  examining  the  interior  of 
the  muffle.  These  sample  or  trial  pieces,  attached  to  a  strong  iron  wire,  show  the  progre* 
of  the  baking  operation.  The  front  of  the  fireplaces  is  covered  with  a  sheet-iron  phte, 
which  slides  to  one  side,  and  may  be  shut  whenever  the  kiln  is  charged.  Soon  aAertkt 
fire  is  lighted,  the  flame,  which  communicates  laterally  from  one  fbmace  to  another,  en 
velopes  the  muffle  on  all  sides,  and  thence  rises  up  the  chimney. 

Printing  of  stoneware,-— The  printing  under  the  stoneware  glaze  is  generally  per- 
formed by  means  of  cobalt,  and  has  diflferent  shades  of  blue  according  to  the  quantity 
of  coloring  matter  employed.  Af^er  having  subjected  this  oxyde  to  the  processes  requi- 
site for  its  purification,  it  is  mixed  with  a  certain  quantity  of  ground  flints  and  sulphate 
of  baryta,  proportioned  to  the  dilution  of  the  shade.  These  materials  are  fritted  and 
ground ;  but  before  they  are  used,  they  must  be  mixed  with  a  flux  consisting  of  equl 
parts  by  weight  of  flint  glass  and  ground  flints,  which  serves  to  fix  the  color  upon  the  bis- 
cuit, so  that  the  immersion  in  the  glaze  liquor  may  not  displace  the  lines  printed  on,  as 
also  to  aid  in  fluxing  the  cobalt. 
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The  fonowing  are  the  processes  usually  practised  in  Staffordshire  for  printing  under 
tke^laxe. 

The  cobalt,  or  whatever  color  is  employed,  should  be  ground  upon  a  porphjrry  slab, 
witk  a  Tarnish  prepared  as  follows : — A  pint  of  linseed  oil  is  to  be  boiled  to  the  consist- 
owe  of  thick  honey,  along  with  4  ounces  of  rosin,  half  a  pound  of  tar,  and  half  a  pint  of 
oil  of  amber.  This  is  very  tenacious,  and  can  be  used  only  when  liquefied  by  heat ;  which 
tke  printer  effects  by  spreading  it  upon  a  hot  cast-iron  plate. 

Ilie  printing  plates  are  made  of  copper,  engraved  with  pretty  deep  lines  in  the  common 
nj.  The  printer,  with  a  leather  muller,  spreads  upon  the  engraved  plate,  previously 
hetted,  his  color,  mixed  up  with  the  above  oil  varnish,  and  removes  what  is  superfluous 
with  a  pallet  knife ;  then  cleans  the  plate  with  a  dossil  filled  with  bran,  tapping  and  wiping 
II  if  he  were  removing  dust  from  it.  This  operation  being  finished,  he  takes  the  paper 
iitended  to  receive  the  impression,  soaks  it  with  soap-water,  and  lays  it  moist  upon 
Ae  copper-plate.  The  soap  makes  the  paper  part  more  readily  from  the  copper,  and  the 
thick  ink  part  more  readily  from  the  biscuit.  The  copper-plate  is  now  passed  through  the 
e^iaver's  cylinder  press,  the  proof  leaf  is  lifled  off  and  handed  to  the  women,  who  cut  it 
iito  detached  pieces,  which  they  apply  to  the  surface  of  the  biscuit.  The  paper  best  fitted 
brth^  purpose  is  made  entirely  of  linen  rags ;  it  is  very  thin,  of  a  yellow  color,  and 
■ned,  like  tissue  blotting-paper. 

The  stoneware  biscuit  never  receives  any  preparation  before  being  imprinted,  the  oil 
if  the  color  being  of  such  a  nature  as  to  fix  the  figures  firmly.  The  printed  paper  is 
pRMnd  and  rubbed  on  with  a  roll  of  flannel,  about  an  inch  and  a  half  in  diameter,  and  12 
Of  15  inches  long,  bound  round  with  twine,  like  a  roll  of  tobacco.  This  is  used  as  a 
hnusher,  one  end  of  it  being  rested  against  the  shoulder,  and  the  other  end  being  rubbed 
ipM  the  paper ;  by  which  means  it  transfers  all  the  engraved  traces  to  the  biscuit.  The 
pnee  of  biscuit  is  laid  aside  for  a  little,  in  order  that  the  color  may  take  fast  hold  ;  it  is 
Iha  plunged  into  water,  and  the  paper  is  washed  away  with  a  sponge. 

When  the  paper  is  detached,  the  piece  of  ware  is  dipped  into  a  caustic  alkaline  ley  to 
^oaify  the  oil,  after  which  it  is  immersed  in  the  glaze  liquor,  with  which  the  printed 
ipres  readily  adhere.  This  process,  which  is  easy  to  execute,  and  very  economical,  is 
■di  preferable  to  the  old  plan  of  passing  the  biscuit  into  the  muflle  aAer  it  had  been 
irirted,  for  the  purpose  of  fixing  and  volatilizing  the  oils.  When  the  paper  impression 
•applied  to  pieces  of  porcelain,  they  are  heated  before  being  dipped  in  the  water,  be- 
9m^  being  already  semi-vitrified,  the  paper  sticks  more  closely  to  them  than  to  the  bis- 
^  and  can  be  removed  only  by  a  hard  brush. 

lite  impression  above  the  glaze  is  done  by  quite  a  different  process,  which  dispenses 
lith  the  use  of  the  press.  A  quantity  of  fine  clean  gloe  is  melted  and  poured  hot  upon 
klwge  flat  dish,  so  as  to  form  a  layer  about  a  quarter  of  an  inch  thick,  and  of  the  consist- 
lee  of  jelly.  When  cold  it  is  divided  into  cakes  of  the  size  of  the  copper-plates  it  is  in- 
nfcd  to  cover. 

Tht  operative  (a  woman)  rubs  the  engraved  copper-plate  gently  over  with  linseed  oil 
wOed  thick,  immediately  after  which  she  applies  the  cake  of  due,  which  she  presses  down 
lith  a  silk  dossil  filled  with  bran.  The  cake  licks  up  all  the  oil  out  of  the  engraved  lines ; 
t  ii  then  cautiously  lifted  off,  and  transferred  to  the  surface  of  the  glazed  ware  which 
1  ii  intended  to  print.  The  glue  cake  being  removed,  the  enamel  surface  must  be  rubbed 
Hdi  A  little  cotton,  whereby  the  metallic  colors  are  attached  only  on  the  lines  charged 
*ith  oil :  the  piece  is  then  heated  under  the  muffle.  The  same  cake  of  glue  may  serve 
^  several  impressions. 

Omametiti  and  colorinfi^, — Common  stoneware  is  colored  by  means  of  two  kinds  of 
ipptiatos ;  the  one  called  the  blowing-pot,  the  other  the  worming-pot.  The  ornaments 
Bide  in  relief  in  France,  arc  made  hollow  (intasrlio)  in  England,  by  means  of  a  mould 
'iRmTed  in  relief,  which  is  passed  over  the  article.  The  impression  which  it  produces 
ilDed  with  a  thick  clay  paste,  which  the  workman  throws  on  with  the  blowine-pot. 
^  is  a  vessel  like  a  tea-pot,  having  a  spout,  but  it  is  hermetically  scaled  at  top  with  a 
%  plog,  after  being  filled  with  the  pasty  liquor.  The  workman,  by  blowing  in  at  the 
^t,  causes  the  liquor  to  fly  out  through  a  quill  pipe  which  goes  down  throuirh  the 
%  pln«:  into  the  liquor.  The  jet  is  made  to  play  upon  the  piece  while  it  is  being  turn- 
dnpon  the  lathe ;  so  that  the  hollows  previously  made  in  it  by  the  mould  or  stamp  are 
iOd  with  a  paste  of  a  color  different  from  that  of  the  body.  When  the  piece  has  acquired 
ifieient  firmness  to  bear  working,  the  excess  of  the  paste  is  removed  by  an  instrument 
iQed  a  toumasin,  till  the  ornamental  flsnirc  produced  by  the  stamp  be  Inid  bare; 
B  which  case  merely  the  color  appears  at  the  bottom  of  the  impression.  By  passing 
^Chis  nmnner  several  layers  of  clay  liquor  of  different  colors  over  each  other  w  ith  the 
l9Viiig.pot,  net-work,  and  decorations  of  different  colors  and  shades,  are  very  rapidly 
lodged. 

1W  serpentine  or  snake  pots,  established  on  the  same  principle,  are  made  of  tin  plate 
^  three  compartments,  bich  containing  a  different  color.    These  open  at  the  top  of 
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the  vessel  in  a  common  orifice,  terminated  by  small  qufll  tubes.  On  inclining  the  tcskI, 
the  three  colors  flow  out  at  once  in  the  same  proportion  at  the  one  orifice,  and  are  kl 
fall  upon  the  piece  while  it  is  being  slowly  turned  upon  the  lathe ;  whereby  carious  scr* 
pent-like  ornaments  may  be  readily  obtained.  The  clay  liquor  ought  to  be  id  keepog 
with  the  stoneware  paste.  The  blues  succeed  best  when  the  ornaments  are  made  viib 
the  finer  pottery  mixtures  given  above. 

Metallic  lustres  applied  to  stoneware, — ^The  metallic  lustre  being  applied  only  to 
the  outer  surface  of  vessels,  can  have  no  bad  effect  on  health,  whatever  aubatancnbe 
employed  for  the  purpose ;  and  as  the  glaze  intended  to  receive  it  is  sufficiently  fosibie, 
from  the  quantity  of  lead  it  contains,  there  is  no  need  of  adding  a  flux  to  the  metsllic 
coating.  The  glaze  is  in  this  case  composed  of  60  parts  of  litharge,  36  of  feldspar,  aod 
15  of  flints. 

The  silver  and  platina  lustres  are  usually  laid  upon  a  white  ground,  while  those  of  ||qU 
and  copper,  on  account  of  their  transiiarency,  succeed  onlj  upon  a  colored  ground.  The 
dark-colored  stoneware  is,  however,  preferable,  as  it  shows  off  the  colors  to  most  advii- 
tage ;  and  thus  the  shades  may  be  varied  by  varying  the  colors  of  the  ornamental  l^iim 
applied  by  the  blowing-pot. 

The  gold  and  platina  lustre  is  almost  always  applied  to  a  paste  body  made  on  pnrpoK, 
and  coated  with  the  above-described  lead  glaze.  This  paste  is  brown,  and  consists  cf 
4  parts  of  clay,  4  parts  of  flints,  an  equal  quantity  of  kaolin  (china  clay),  and  6  parts  of 
feklspar.  To  make  brown  figures  in  relief  upon  a  body  of  white  paste,  n  liquor  is  mnA 
up  with  this  paste,  which  ought  to  weigh  26  ounces  per-pint,  in  order  to  unite  well  witk 
the  other  paste,  and  not  to  exfoliate  aAer  it  is  baked. 

Preparation  of  gold  lustre. — Dissolve  first  in  the  cold,  and  then  with  heat,  48  grsins  cf 
fine  gold  in  288  grains  of  an  aqua  regia,  composed  of  1  ounce  of  nitric  acid  and  3  ouwei 
of  muriatic  acid ;  odd  to  that  solution  4^  grains  of  grain  tin,  bit  by  bit;  and  then  poor 
some  of  that  compound  solution  into  20  grains  of  balsam  of  sulphur  diluted  with  lOgraiu 
of  oil  of  turpentine.  The  balsam  of  sulphur  is  prepared  by  heating  a  pint  of  linseed  oil, 
and  2  ounces  of  flowers  of  sulphur,  stirring  them  continually  till  the  miiture  begins  t» 
boil ;  it  is  then  cooled,  by  setting  the  vessel  in  cokl  water ;  aAer  which  it  is  stiired  afresh, 
and  strained  through  linen.  The  above  ingredients,  aAer  being  well  mixed,  are  to  be  si- 
lowed  to  settle  for  a  few  minutes ;  then  the  remainder  of  the  solution  of  gold  is  to  he 
poured  in,  and  the  whole  is  to  be  triturated  till  the  mass  has  assumed  such  a  consBteBce 
that  the  pestle  will  stand  upright  in  it ;  lastly,  there  must  be  added  to  the  mixture  30 
grains  of  oil  of  turpentine,  which  being  ground  in,  the  gold  lustre  is  ready  to  be  applied. 
If  the  lustre  is  too  light  or  pale,  more  gold  must  be  added,  and  if  it  have  not  a  suffioeat- 
ly  violet  or  purple  tint,  more  tin  must  be  used. 

Platina  lustre. — Of  this  there  are  two  kinds;  one  similar  to  polished  steel,  another 
lighter  and  of  a  silver-white  hue.  To  give  stoneware  the  steel  color  with  platiai, 
this  metal  must  be  dissolved  in  an  aqua  regia  composed  of  2  ports  of  muriatic  acid,  aod 
1  part  of  nitric.  The  solution  being  cooled,  and  poured  into  a  capsule,  there  must  be 
added  to  it,  drop  by  drop,  with  continual  stirring  with  a  glass  rod,  a  spirit  oftar^  eon* 
posed  of  equal  parts  of  tar  and  sulphur  boiled  in  linseed  oil  and  filtered.  If  the  platiai 
solution  be  too  strong,  more  spirit  of  tar  roust  be  added  to  it ;  but  if  too  weak,  it  most 
be  concentrated  by  boiling.  Thus  being  brought  to  the  proper  pitch,  the  mixture 
may  be  spread  over  the  piece,  which  being  put  into  the  muffle,  will  take  the  aspect 
of  steel. 

The  oxyde  of  platina,  by  means  of  which  the  silver  lustre  is  given  to  stoneware,  is  pre- 
pared as  follows : — After  having  dissolved  to  saturation  the  metal  in  an  aqua  regis 
composed  of  equal  parts  of  nitric  and  muriatic  acid,  the  solution  is  to  be  poured  into  a 
quantity  of  boiling  water.  At  the  same  time  a  capsule,  containing  solution  of  sal-ammo- 
niac, is  placed  upon  a  sand-bath,  and  the  platina  solution  being  poured  into  it,  the  mdtl 
wDl  fall  down  in  the  form  of  the  well-known  yellow  precipitate,  which  is  to  be  washed 
with  cold  water  till  it  is  perfectly  edulcorated,  then  dried,  and  put  up  for  use. 

This  metallic  lustre  is  applied  very  smoothly  by  means  of  a  flat  camel's  hair  brush.  It 
is  then  to  be  passed  through  the  muffle  kiln ;  but  it  requires  a  second  application  of  the 
platinum  to  have  a  sufficient  body  of  lustre.  The  articles  sometimes  come  black  out  of 
the  kiln,  but  they  get  their  proper  appearance  by  being  rubbed  with  cotton. 

Platina  and  gold  lustre  ;  by  other  recipes. 

Platina  lustre. — Dissolve  1  ounce  of  platinum  in  aqua  regia  formed  of  2  parts  of 
muriatic  acid  and  1  part  of  nitric  acid,  with  heat  upon  a  sand-bath,  till  the  liquid  is  reduced 
to  two  thirds  of  its  volume ;  let  it  cool ;  decant  into  a  clean  vessel,  and  pour  into  it, 
drop  by  drop,  with  constant  stirring,  some  distilled  tar,  until  such  a  mixture  is  produced 
as  will  give  a  good  result  in  a  trial  upon  the  ware  in  the  kiln.  If  the  lustre  be  too  in- 
tense, more  tar  must  be  added ;  if  it  be  too  weak,  the  mixture  must  be  concentrated  by 
farther  evaporation. 

Gold  lustre, — Dissolve  four  shillings'  worth  of  gold  in  aqua  regia  with  a  gentle  heit 
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To  the  solation,  when  cool,  add  2  grains  of  grain  tin,  which  will  immediately  dissolTe. 
Prepare  a  mixture  of  half  an  ounce  of  balsam  of  sulphur  with  a  little  essence  of  turpen- 
tine,  beating  them  together  till  they  assume  the  appearance  of  milk.  Pour  this  mixture 
into  the  solution  of  gold  and  tin,  drop  by  drop,  with  continual  stirring ;  and  place  the 
whole  in  a  warm  situation  for  some  time. 

It  is  absolutely  necessary  to  apply  this  lustre  only  upon  an  enamel  or  glaze  which  hat 
already  passed  through  the  fire,  otherwise  the  sulphur  would  tarnish  the  composition. 

These  lustres  are  applied  with  most  advantage  upon  chocolate  and  other  dark  grounds. 
Much  skill  is  required  in  their  firing,  and  a  perfect  acquaintance  with  the  quality  of  the 
glaze  on  which  they  are  applied. 

jin  trofi  lustrt  is  obtained  by  dissolving  a  bit  of  steel  or  iron  in  muriatic  acid,  mixing 
this  solution  with  the  spirit  of  tar,  and  applying  it  to  the  surface  of  the  ware. 

jSventnrine  glaxe, — Mix  a  certain  quantity  of  silver  leaf  with  the  above-described  soft 
glaze,  grind  the  mixture  along  with  some  honey  and  boiling  water,  till  the  metal  assume 
the  appearance  of  fine  particles  of  sand.  The  glaze,  being  naturally  of  a  yellowish  hue, 
gives  a  golden  tint  to  the  small  fragments  of  silver  disseminated  through  it.  Molybdena 
may  also  be  applied  to  produce  the  aventurine  aspect. 

The  granUe4ike  gold  lustre  is  produced  by  throwing  lightly  with  a  brush  a  few  drops 
«f  oil  of  turpentine  upon  the  goods  already  covered  with  the  preparation  for  gold  lustre. 
These  cause  it  to  separate  and  appear  in  particles  resembling  the  surface  of  granite. 
When  marbling  is  to  be  given  to  stoneware,  the  lustres  of  gold,  platina,  and  iron  are 
used  at  once,  which  blending  in  the  fusion,  form  veins  like  those  of  marble. 

Pottery  arid  stoneware  of  the  Wedgevoood  color, — ^This  is  a  kind  of  semi-vitrified  war^ 
called  dry  bodies,  which  is  not  susceptible  of  receiving  a  superficial  glaze.  This  pottery 
is  composed  in  two  ways  :  the  first  is  with  barytic  earths,  which  act  as  fluxes  upon  the 
days,  and  form  enamels :  thus  the  Wedgewood  jasper  ware  is  made. 

The  white  vitrifying  pastes,  fit  for  receiving  all  sorts  of  metallic  colors,  are  composed 
«f  47  parts  of  sulphate  of  barytes,  15  of  feldspar,  26  of  Devonshire  clay,  6  of  sulphate 
«f  lime,  15  of  flints,  and  10  of  sulphate  of  strontites.  This  composition  is  capable  of 
receiving  the  tints  of  the  metallic  oxydes  and  of  the  ochrous  metallic  earths.  Manganese 
produces  the  dark  purple  color;  gold  precipitated  by  tin,  a  rose  color ;  antimony,  orange; 
cobalt,  different  shades  of  blue ;  copper  is  employed  for  the  browns  and  the  dead-leaf 
greens ;  nickel  gives,  with  potash,  greenish  colors.  • 

One  per  cent,  of  oxyde  of  cobalt  is  added ;  but  one  half,  or  even  one  quarter,  of  a  per 
cent,  would  be  suflicient  to  produce  the  fine  Wedgewood  blue,  when  the  nickel  and  man- 

Einese  constitute  3  per  cent.,  as  well  as  the  carbonate  of  iron.  For  the  blacks  of  this 
nd,  some  English  manufacturers  mix  black  oxyde  of  manganese  with  the  black  oxyde 
of  iron,  or  with  ochre.  Nickel  and  umber  afford  a  fine  brown.  Carbonate  of  iron,  mix- 
ed with  bole  or  terra  di  Sienna,  gives  a  beautiful  tint  to  the  paste ;  as  also  manganese 
with  eobalt,  or  cobalt  with  nickel.  Antimony  produces  a  very  fine  color  when  combined 
with  the  carbonate  of  iron  in  the  proportion  of  2  per  cent.,  along  with  the  ingredients 
necessary  to  form  the  above-described  vitrifying  paste. 

The  following  is  another  vitrifying  paste,  of  a  much  softer  nature  than  the  preceding. 
Feldspar,  30  parts ;  sulphate  of  lime,  23  ;  silex,  17 ;  potter's  clay,  15 ;  kaolin  of  Corn- 
wall (china  clay),  15;  sulphate  of  bar)'ta,  10. 

These  vitrifying  pastes  are  very  plastic,  and  may  be  worked  with  as  much  facility  as 
English  pipe-clay.  The  round  ware  is  usually  turned  upon  the  lathe.  It  may, 
however,  be  moulded,  as  the  oval  pieces  always  are.  The  more  delicate  ornaments  are 
east  in  hollow  moulds  of  baked  clay,  by  women  and  children,  and  applied  with  remark- 
able dexterity  upon  the  turned  and  moulded  articles.  The  colored  pastes  have  such  an 
afllnity  for  each  other,  that  the  detached  ornaments  may  be  applied  not  only  with  a 
little  gum  water  upon  the  convex  and  concave  forms,  but  they  may  be  made  to  adhere 
without  experiencing  the  least  cracking  or  chinks.  The  colored  pastes  receive  only 
one  fire,  unless  the  inner  surface  is  to  tie  glazed ;  but  a  gloss  is  given  to  the  outer  sur- 
face. The  enamel  for  the  interior  of  the  black  ?^«^gewood  ware  is  composed  of  6  parts 
of  red  lead,  1  of  silex,  and  2  ounces  of  manganese,  when  the  mixture  is  made  in  pounds' 
weis:ht. 

The  operation  called  smettnng,  consists  in  giving  an  external  lustre  to  the  unglazed 
semi-vitrified  ware.  The  articles  do  not  in  this  way  receive  any  immersion, 
Bor  even  the  aid  of  the  brush  or  pencil  of  the  artist ;  but  they  require  a  second  fire. 
The  saggers  are  coated  with  the  salt  glaze  already  described.  These  cases,  or  saggers, 
communicate  by  reverberation  the  lustre  so  remarkable  on  the  surface  of  the  English 
stoneware ;  which  one  might  suppose  to  be  the  result  of  the  glaze  tub,  or  of  the  brush. 
Occasionally  also  a  very  fusible  composition  is  thrown  upon  the  inner  surface  of  tho 
■mffle,  and  6  or  6  pieces  called  re/ractoriee  are  set  In  the  middle  of  it,  coated  with  the 
composition.    The  intensity  of  the  heat  conTcrtt  the  floz  into  Tapor;  a  part  of 
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tids  is  condensed  upon  the  siirfkees  of  the  eontigDom  aitides ;  to  as  to  gire  them  the  ds 
shed  brilliancy. 

Mortar  body  is  a  paste  composed  of  6  parts  of  clay,  3  of  feldspar,  2  of  nlez,  and  1  of 
China  clay. 

White  and  yellow  fignres  upon  dark-colored  grounds  are  a  good  deal  employed.  To 
produce  yellow  impressions  upon  brown  stoneware,  ochre  is  ground  up  with  a  small 
quantity  of  antimony.  The  flux  consists  of  flint  glass  and  flints  in  equal  weights. 
The  composition  for  white  designs  is  made  by  grinding  silex  up  with  that  flux,  and  prinl- 
ing  it  on,  as  for  blue  colors,  upon  brown  or  other  colored  stoneware,  which  shows  off  the 
light  hues. 

English  porcelain  or  diina. — Most  of  this  belongs  to  the  class  called  tender  or  soft  por- 
celain by  the  French  and  Grerman  manufacturers.  It  is  not,  therefore,  competed  simply 
gT  kaolin  and  petuntse.  The  English  china  is  generally  baked  at  a  much  lower  heat  Ihss 
that  of  Sevres,  Dresden,  and  Berlin ;  and  it  is  covered  with  a  mere  glass.  Being  main- 
iketnred  upon  a  prodigious  scale,  with  great  economy  and  certainty,  and  little  expenditure 
of  fuel,  it  is  sold  at  a  very  moderate  price  compared  with  the  foreign  porcelain,  and  k 
external  appearance  is  now  not  much  inferior. 

Some  of  the  English  porcelain  has  been  called  ironstone  china.  This  is  composed  uso- 
ally  of  60  parts  of  Cornish  stone,  40  of  china  clay,  and  2  of  flint  glass ;  or  oT  42  of  the 
feldspar,  the  same  quantity  of  clay,  10  parts  of  flints  ground,  and  8  of  flint  glass. 

The  glaze  for  the  first  composition  is  made  with  20  parts  of  feldspar,  15  of  lUnts,  6  of 
red  lead,  and  5  of  soda,  which  are  fritted  together ;  with  44  parts  of  the  frit,  23  parts  of 
flint  glass,  and  15  parts  of  white  lead,  are  ground. 

The  glaze  for  the  second  composition  is  formed  of  8  parts  of  flint  glass,  36  of  fddqiar, 
40  of  white  lead,  and  20  of  silex  (ground  flints.) 

The  English  manufacturers  employ  three  sorts  of  compositions  for  the  porcelain  his- 
euit ;  namely,  two  compositions  not  fritted ;  one  of  them  for  the  ordinary  table  serviee; 
another  for  the  dessert  service  and  tea  dishes ;  the  third,  which  is  fritted,  corresponds  to 
the  paste  used  in  France  for  sculpture ;  and  with  it  all  delicate  kinds  of  ornaments  ait 
made. 


1                                       • 

First  oompodtion. 

Second  compontion. 

Third  compontion. 

Ground  flints    ... 
Calcined  bones 
China  clay        ... 
Clay         .... 

75 

180 

40 

70 

66 

.      100 

96 

Granite         80 

Lynn  sand  150 

-  300 

-  100 
Potash    .      10 

The  glaze  for  the  first  two  of  the  preceding  compositions  consists  of,  feldspar  45,  flints 
9,  borax  21,  flint  glass  20,  nickel  4.  After  fritting  that  mixture,  add  12  parts  of  red 
lead.  For  the  third  composition,  which  is  the  most  fusible,  the  glaze  must  receive  It 
parts  of  ground  flints,  instead  of  9;  and  there  should  be  only  15  parts  of  borax*  iastesd 
of21. 


PLAN  OF  AN  ENGLISH  POTTERY. 

A  Stoneware  manufactory  should  be  placed  by  the  side  of  a  canal  or  naTigaMe  river, 
because  the  articles  manufactured  do  not  well  bear  land  carriage. 

A  Staffordshire  pottery  is  usually  built  as  a  quadrangle,  each  side  being  about  100  ftet 
long,  the  walls  10  feet  histh,  and  the  rids^e  of  the  roof  5  feet  more.  The  base  of  the  edi- 
fice consists  of  a  bed  of  bricks,  18  inches  hi?h,  and  16  inches  thick;  upon  which  a  wti 
wall  in  a  wooden  frame,  called  pui,  is  raised.  Cellars  are  formed  in  front  of  the  baiM- 
ings,  as  depots  for  the  pastes  prepared  in  the  establishment.  The  wall  of  the  yard  or 
court  is  9  feet  high,  and  IS  inches  thick. 

Fig.  899,  A,  is  the  entrance  door ;  b,  the  porter's  lodge;  c,  a  particular  warehouse; 
D,  workshop  of  the  plaster-moulder ;  e,  the  clay  depot ;  f,  f,  large  gates,  6  feet  S  inches 
high ;  G,  the  winter  evaporation  stoye ;  h,  the  shop  for  sifling  the  paste  litinors ;  i,  sheds 
for  the  paste  liqyor  tubs;  J,  paste  liquor  pits;  K,  workshop  for  the  moulder  of  boOow 
ware  ;  l,  ditto  of  the  dish  or  plate  moulder ;  m,  the  plate  drying.stove ;  n,  workshop  of  the 
biscuit-printers ;  o,  ditto  of  the  biscuit,  with  o',  a  long  window ;  p,  passage  leading  to  the 
paste  liquor  pits ;  q,  biscuit  warehouse ;  r,  place  where  the  biscuit  is  cleaned  as  it  eosBes 
out  of  the  biscuit-kilns,  s,  s ;  t,  t,  enamel  or  glaze-kilns ;  u,  long  passage ;  v,  space  left  Ibr 
supplementary  workshops ;  x,  space  appointed  as  a  depot  for  the  sa?ger  fire-^clay,  as  also 
for  making  the  saggers ;  z,  the  workshop  for  applying  the  glaze  liquor  to  the  bisealls ; 
s,  apartment  for  cleaning  the  glazed  ware ;  6,  6,  pumps ;  r,  basin ;  d,  muffles ;  c,  wsia- 
house  for  the  finished  stoneware;  /,  that  of  the  glazed  goods ;  g,  g,  another  wsrehoase; 
A,  a  large  space  for  the  smith's  forge,  carpenter's  shop,  paeking  room,  depot  of  elayi^ 
tmggen,  &c.    The  packing  and  loading  of  the  goods  are  perfonned  in  UmX  of  Ikt 


iMieoiii  articles ;  tn,  room  Tor  pulliag  the  biscuit  into  the  nggere )  m',  ■  long  window ; 
«,  woriiahop  with  IsUies  and  flf-wheeU ;  o,  dryins-room  ;  p,  room  Tor  moantia;  or  foi- 
■uilijng  th*  piecd;  9,  rrpnirin^-room ;  r,  dryinfi-room  or  (he  ^oods  rooghly  lunied;  m, 
rmt%h  (uniin;  ot  blocking-out  room;  I,  room  Tor  beating  the  paste  or  dough;  «, 
eoanliDg-honse. 

The 'declared  valaeoTthe  earthenware  exported  in  1836,  vas  837,774^:  in  IS37, 
6fi8,eS2J. 

There  are  rmn  33,000  to  35,000  tons  of  clay  exported  annnallr  from  Poole,  in  Dor- 
•etshire,  to  the  Enftlish  and  Scotch  potteries.    A  good  deal  of  clay  is  also  sent  rrom  DcT- 


id  Corn' 


bIU 


The  Spanish  alcaraitai,  or  cooling  Testis,  are  made  porons,  to  favor  the  erndation 
of  water  through  thcoi,  and  maintain  a  constantly  moist  evaporating  sarface,  Lasteyrie 
wys,  that  granular  sea  nit  is  an  ingredient  of  the  paste  of  thr  Spanish  alcaraziasi  whid 
being  eipelled  partly  by  the  heat  of  the  bahine,  and  partly  by  the  subsequent  watery  per- 
wriatton,  le«*ea  the  body  very  open.  The  biscnit  should  be  charged  with  a  cmuiderable 
poponioa  of  sand,  and  very  tuoderately  fired. 


Porcelain  is  a  kind  of  pottery  ware  whose  paste  is  fine  gnined,  compact,  very  bard, 
and  faintly  Itanslucid  ;  and  whose  biscuit  soflens  slightly  in  the  kiln.  Its  ordinary  while- 
ma*  cannot  Ibrm  a  definite  characler,  giocG  there  are  porcelain  pastes  variously  eolornL 
There  are  two  species  of  porcelain,  very  different  in  thfir  nature,  the  essential  propertiaa 
«f  which  it  is  of  consequence  to  establish ;  the  one  is  called  hard,  end  the  other  leader  ; 
■Kporlanl  distinctions,  the  neglect  of  which  has  Introduced  great  cooTuaion  into  ma^ 
iTMtiKB  on  this  elegant  maDnfactore. 

Hard  porcelain  is  essentially  composed,  first,  of  a  natnnU  clay  eontaining  Mme  silica, 
iafaiible,  and  preserving  its  whileness  in  a  strong  heat  j  tliis  is  almoM  alsnys  a  Inw 
iwplin  ;  secondly,  of  a  fiai,  consisting  of  ailiea  and  lime,  composing  a  qnaiUoK  feldspar 
rock,  called  pt-lun-(ii.    The  glaieof  this  porcelain,  likewise  earthy,adiDittor no  nwUlUe 
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Tender  porcelain,  styled  also  ritreous  porcelain,  has  no  relation  with  the  ptveefinf  ■ 
its  composition  ;  it  always  consists  of  a  vitreous  frit,  rendered  opaque  and  less  fusible  I9 
the  addition  of  a  calcareous  or  marly  clay.  Its  glaze  is  an  artificial  glass  or  crystal,  into 
which  silica,  alkalis,  and  lead  enter. 

This  porcelain  has  a  more  vitreous  biscuit,  more  transparent,  a  little  less  hud,uid]eai 
fragile,  but  much  more  fusible  than  that  of  the  hard  porcelain.  Its  gkse  is  mote  ffo&Kjf 
more  transparent,  a  little  less  white,  much  tenderer,  and  more  fusible. 

The  biscuit  of  the  hard  porcelain  made  at  the  French  national  mMiiifactory  of  S^vret 
is  generally  composed  of  a  kaolin  clay,  and  of  a  decomposed  feldspar  roek ;  u&alogoiis  to  the 
china  clay  of  Cornwall,  and  Cornish  stone.  Both  of  the  above  French  materials  eome  (am 
Saint  Yriex-la-perche,  near  Limoses. 

Af\er  many  experiments,  the  following  composition  has  been  adopted  for  the  eenke 
paste  of  the  royal  manufactory  of  Sevres ;  that  is,  for  all  the  ware  which  is  to  be  glazed; 
silica,  59 ;  alumina,  35*2  ;  potash,  2*2 ;  lime,  3*3.  The  conditions  of  such  n  compomd 
are  pretty  nearly  fulfilled  by  takinsr  from  63  to  70  of  the  washed  kaolin  or  china  day, 
22  to  15  ol  the  feldspar,  nearljr  10  of  flint  powder,  and  about  5  of  chalk.  The  gkse  m 
composed  solely  of  solid  feldspar,  calcined,  crushed,  and  then  ground  fine  at  tlie  nilL 
This  rock  pretty  uniformly  consists  of  silica  73,  alumina  16*2,  potash  8*4,  a«l 
water  0'6. 

The  kaolin  is  washed  at  the  pit,  and  sent  in  this  state  to  Sdvres,  under  the  name  of 
decanted  earth.  At  the  manufactory  it  is  washed  and  elutriated  with  care ;  and  its  dip 
is  passed  through  fine  sieves.  This  forms  the  plastic,  infusible,  and  opaqne  ingredieiit 
to  which  the  substance  must  be  added  which  gives  it  a  certain  degree  of  fusibility  mi 
semi-transparency.  The  feldspar  rock  used  for  this  purpose,  should  contain  neither  dacfc 
mica  nor  iron,  either  as  an  oxyde  or  sulphuret.  It  is  calcined  to  make  it  cmshable,  mdar 
stamp-pestles  driven  by  machinery,  then  ground  fine  in  homstone  mills,  a\  repre- 
sented in  fif^s,  897,  898,  899,  and  900.  This  pulverulent  matter,  being  diffused  throoj^ 
water,  is  mixed  in  certain  proportions,  re eulated  by  its  quality,  with  the  argiHaceovi 
•lip.  The  mixture  is  deprived  of  the  chief  part  of  its  water  in  shallow  plaster  pus 
without  heat ;  and  the  resulting  paste  is  set  aside  to  ripen,  in  damp  cellars^  ftr  may 
months. 

When  wanted  for  use,  it  is  placed  in  hemispherical  pans  of  plaster,  which  absorb  Ae 
redundant  moisture ;  aOer  which  it  is  divided  into  small  lumps,  and  completely  dried. 
It  is  next  pulverized,  moistened  a  little,  and  laid  on  a  floor,  and  trodden  upon  by  a  wock- 
man  marching  over  it  with  bare  feet  in  every  direction;  the  parings  and  fragments  of  soft 
moulded  articles  being  intermixed,  which  improve  the  plasticity  of  the  whole.  When  idB- 
clently  tramped,  it  is  made  up  into  masses  of  the  size  of  a  man's  head,  and  kept  damp  tJD 
required. 

The  dough  is  now  in  a  state  fit  for  the  potter's  lathe ;  but  it  is  much  less  plastic  tko 
stoneware  paste,  and  is  more  diflicult  to  fashion  into  the  vaiious  articles ;  and  hence  ose 
cause  of  the  higher  price  of  porcelain. 

The  round  plates  and  dishes  are  shaped  on  plaster  moulds ;'  but  sometimes  the  paile 
is  laid  on  as  a  crust,  and  at  others  it  is  turned  into  shape  on  the  lathe.  When  a  cnst 
is  to  be  made,  a  moistened  sheep-skin  is  spread  on  a  marble  table ;  and  over  this  the 
doagh  is  extended  with  a  rolling-pin  supported  on  two  guide-rules.  The  crust  is  thea 
transferred  over  the  plaster  mould,  by  liAing  it  upon  the  skin;  for  it  wants  tenacity  to 
bear  raising  by  itself.  When  the  piece  is  to  be  fashioned  on  the  lathe,  a  lamp  of  the 
dough  is  thrown  on  the  centre  of  the  horizontal  wooden  disc,  and  turned  into  fiirm  as 
directed  in  treating  of  stoneware,  only  it  must  be  left  much  thicker  than  in  its  finished 
state.  AAer  it  dries  to  a  certain  degree  on  the  plaster  mould,  the  workman  replaces  it  oa 
the  lathe,  by  moistening  it  on  its  base  with  a  wet  sponge,  and  finishes  its  form  with  sa 
iron  tool.  A  good  workman  at  Sdvres  makes  no  more  than  from  15  to  20  porcelain  plates 
in  a  day ;  whereas  an  English  potter,  with  two  boys,  makes  from  1000  to  1200  plates  of 
stoneware  in  the  same  time.  Thje  pieces  which  are  not  round,  are  shaped  in  plaster  moakb^ 
and  finished  by  hand.  When  the  articles  are  very  large,  as  wash-hand  basins,  salads,  Itc, 
a  flat  cake  is  spread  above  a  skin  on  the  marble  slab,  which  is  then  appHed  to  the  mould 
with  the  sponge,  as  for  plates ;  and  they  are  finished  by  hand. 

The  projecting  pieces,  such  as  handles,  beaks,  spouts,  and  ornaments,  are  moaUed 
and  adjusted  separately ;  and  are  cemented  to  the  bodies  of  china-ware  with  slip,  or 
porcelain  dough  thinned  with  water.  In  fact,  the  mechanical  processes  with  porcdain 
and  the  finer  stoneware  are  substantially  the  same ;  only  they  require  more  time  sad 
greater  nicety.  The  least  defect  in  the  fabrication,  the  smallest  bit  added,  an  vacqaal 
pressure,  the  cracks  of  the  moulds,  although  well  repaired,  and  seemingly  effaced  in  tht 
day  shape,  re-appear  aAer  it  is  baked.  The  articles  should  be  allowed  to  dry  very  slow- 
ly; if  hurried  but  a  little,  they  are  liable  to  be  spoiled.  When  qoite  dry,  th^  are  taksa 
to  the  kiln. 

The  kibi  ftr  haid  porcelain  at  SdTKS»li  a  kind  of  tower  in  two  lati^  ciotuiited  of 
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fire-bricks ;  and  resembles,  in  other  respects,  the  stoneware  kfln  already  figured  and 
described.  The  fuel  is  young  aspin  wood,  very  dry,  and  cleA  very  small ;  it  is  put  into 
the  apertures  of  the  four  outside  furnaces  or  fire-mouth%  which  discharge  their  fiame 
into  the  inside  of  the  kiln ;  each  floor  being  closed  in  above,  by  a  dome  pierced  with 
holes.  The  whole  is  covered  in  by  a  roof  with  an  open  passage,  placed  at  a  proper  dis- 
tance from  the  uppermost  dome.    There  is,  therefore,  no  chimney  proper  so  called.    See 

SrONK,  ARTIFiaAL. 

The  raw  pieces  are  put  into  the  upper  floor  of  the  kiln ;  where  they  receive  a  heat  of 
about  the  60th  degree  of  Wedgewood's  pyrometer,  and  a  commencement  of  baking 
which,  without  altering  their  shape,  or  causing  a  perceptible  shrinking  of  their  bulk, 
makes  them  completely  dry,  and  gives  them  sufficient  solidity  to  bear  handling.  By  this 
preliminary  baking,  the  clay  loses  its  property  of  forming  a  paste  with  water ;  and  the 
pieces  bec(Mne  fit  for  receiving  the  glazing  coat,  as  they  may  be  dipped  in  water  without 
risk  of  breakage. 

The  glaze  df  hard  porcelain  is  a  feldspar  rock ;  this  being  ground  to  a  very  fine  pow- 
der, IB  worked  into  a  paste  with  water  mingled  with  a  little  vinegar.  All  the  articles  are 
dipped  into  this  milky  liquid  for  an  instant ;  and  as  they  are  very  porous,  they  absorb 
the  water  greedily,  whereby  a  layer  of  the  feldspar  glaze  is  deposited  on  their  surface,  in 
a  nearly  dry  state,  as  soon  as  they  are  lifted  out.  Glaze-pap  is  aAerwards  applied  with 
ft  hair  brush  to  the  projecting  edges,  or  any  points  whereat  had  not  taken  ;  and  the  pow- 
der is  then  removed  from  the  part  on  which  the  article  is  to  stand,  lest  it  should  get 
fixed  to  its  support  in  the  fire.  AAer  these  operations  it  is  replaced  in  the  kiln,  to  be 
completely  baJced. 

The  articles  are  put  into  saggers,  like  those  of  fine  stoneware ;  and  this  operation  is 
•ne  of  the  most  delicate  and  expensive  in  the  manufacture  of  porcelain.  The  saggers 
are  made  of  the  plastic  or  potter's  clay  of  Abondant,  to  which  about  a  third  part  of  cement 
of  broken  saggers  has  been  added. 

As  the  porcelain  pieces  soOen  somewhat  in  the  fire,  they  cannot  be  set  above  each 
other,  even  were  they  free  fVom  glaze ;  for  the  same  reason,  they  cannot  be  baked  on 
Uipodsy  several  of  them  being  in  one  case,  as  is  done  with  stoneware.  Every  piece  of 
porcelain  requires  a  sagger  for  itself.  They  must,  moreover,  be  placed  on  a  perfectly 
flat  surface,  because  in  softening  they  would  be  apt  to  conform  to  the  irregularities  of  a 
rough  one.  When  therefore  any  piece,  a  soup  plate  for  example,  is  to  be  taggeredy  there 
is  laid  on  the  bottom  of  the  case  a  perfectly  true  disc  or  round  cake  of  stoneware,  made 
of  the  sagger  material,  and  it  is  secured  in  its  place  on  three  small  props  of  a  clay-lute, 
coniusting  of  potter's  clay  mixed  with  a  great  deal  of  sand.  When  the  cake  is  carefully 
levelled,  it  is  moistened,  and  dusted  over  with  sand,  or  coated  with  a  film  of  fire-clay  slip, 
•nd  the  porcelain  is  carefully  set  on  it.  The  sand  or  fire-clay  hinders  it  from  sticking  to 
the  cake.  Several  small  articles  may  be  set  on  the  same  cake,  provided  they  do  not  touch 
one  another. 

The  saggers  containing  the  pieces  thus  arranged,  are  piled  up  in  the  kiln  over  each 
oCher,  in  the  columnar  form,  till  the  whole  space  be  occupied  ;  leaving  very  moderate  in- 
tervals between  the  columns  to  favor  the  draught  of  the  fires.  The  whole  being  arranged 
with  these  precautions,  and  several  others,  too  minute  to  be  specified  here,  the  door  of 
the  kiln  is  built  up  with  3  rows  of  bricks,  leaving  merely  an  opening  8  inches  square, 
through  which  there  is  access  to  a  sagger  with  the  nearest  side  cut  off.  In  this  sagger 
ftie  put  fhigments  of  porcelain  intended  to  be  withdrawn  from  time  to  time,  in  order  to 
jvdfse  of  the  progress  of  the  baking.  These  are  called  time-pieces  or  watches  {moniru). 
This  opening  into  the  watches  is  closed  by  a  stopper  of  stoneware. 

The  firing  begins  by  throwing  into  the  furnace-mouths  some  pretty  large  pieces  of 
white  wood,  and  the  heat  is  maintained  for  about  15  hours,  sradually  raising  it  by  the 
Addition  of  a  larger  quantity  of  the  wood,  till  at  the  end  of  that  period  the  kiln  has  a 
dierry-red  color  within.  The  heat  is  now  greatly  increased  by  the  operation  termed 
covering  the  fire.  Instead  of  throwing  biUets  vertically  into  the  four  furnaces,  there  is 
lilaeed  horizontally  on  the  openings  of  these  furnaces,  aspin  wood  of  a  sound  texture, 
eleA  small,  laid  in  a  sloping  position.  The  brisk  and  long  flame  which  it  yields  dips 
into  the  tunnels,  penetrates  the  kilo,  and  circulates  round  the  sagger-piles.  The  heat 
augments  rapidly,  and,  at  the  end  of  13  or  15  hours  of  this  firing,  the  interior  of  the 
kiln  is  so  white,  that  the  watches  can  hardly  be  distinguished.  The  draught,  indeed,  is 
so  rapid  at  this  time,  that  one  may  place  his  hand  on  the  slope  of  the  wood  without  feel- 
ing incommoded  by  the  heat.  Everything  is  consumed,  no  small  charcoal  re- 
mains, smoke  is  no  longer  produced,  and  even  the  wood-ash  is  dissipated.  It  is  obvious 
that  the  kiln  and  the  saggers  must  be  composed  of  a  very  refractory  clay,  in  order  to  re- 
sist such  a  fire.  The  heat  in  the  Sdvres  kilns  mounts  so  high  as  the  134th  degree  of 
Wsdgewood. 

At  the  end  of  15  or  20  hours  of  the  great  fire,  that  is,  afler  from  30  to  36  hours^ 
I,  the  porcelain  is  baked;   as  is  ascertained  by  taking  out  and  examining  the 


1080  POTTERY. 

wmtches.  The  kiln  is  suffered  to  cool  during  3  or  4  dsys,  and  is  then  opened  uoA  £^ 
charged.  The  sand  strewed  on  the  cakes,  to  prevent  theadbesion  of  the  articles  1o  thoa^ 
gets  attached  to  their  sole,  and^  removed  by  friction  with  a  hard  sandstone ;  an  open- 
tion  which  one  woman  can  perform  for  a  whole  kiln  in  less  than  10  days ;  and  is  the 
last  applied  to  hard  porcelain,  unless  it  needs  to  be  returned  into  the  hot  kilii  to  have 
tome  defects  repaired. 

The  materials  of  fine  porcelain  are  very  rare ;  and  there  would  be  no  advantage  ii 
making  a  gray- white  porcelain  with  coarser  and  somewhat  cheaper  materials,  for 
the  other  sources  of  expense  above  detailed,  and  which  are  of  most  conscqiiieiiee,  woali 
still  exist ;  while  the  porcelain,  losing  much  of  its  brightness,  would  lose  the  maiB  part 
of  its  value. 

Its  pap  or  dough,  which  requires  tedious  grinding  and  manipulatioD,  is  also  moie 
difficult  to  work  into  shapes,  in  the  ratio  of  80  to  1,  compared  to  fine  stoneware.  Each 
porcelain  plate  requires  a  separate  sagger ;  so  that  12  occupy  in  the  kiln  a  spoee  saft- 
cient  for  at  least  38  stoneware  plates.  The  temperature  of  a  hard  porcelain  kiln  beng 
very  high,  involves  a  proportionate  consumption  of  fuel  and  waste  of  saggers.  Witt 
40  ttere*  (cubic  metres)  of  wood,  12,000  stoneware  plates  may  be  completely  find,  boCk 
in  the  biscuit  and  glaze  kilns;  while  the  same  quantity  of  wood  would  bake  at  moat  only 
1000  plates  of  porcelain. 

To  these  causes  of  high  price,  which  are  constant  and  essential,  we  ought  to  add  the 
numerous  accidents  to  which  porcelain  is  exposed  at  every  step  of  its  preparation,  aid 
particularly  in  the  kiln ;  these  accidents  damage  upwards  of  one  third  of  the  piecei, 
and  frequently  more,  when  articles  of  singular  form  and  large  dimensions 
ventured. 

The  best  English  porcelain  is  made  from  a  mixture  of  the  Cornish  kaolin  (eaDed 
day),  ground  fiints,  ground  Cornish  stone,  and  calcined  bones  in  powder,  or  bone-ash,  he> 
sides  some  other  materials,  according  to  the  fancy  of  the  manufacturers.  A  liquid  p^ 
is  made  with  these  materials,  compounded  in  certain  proportions,  and  diluted  vrith  water. 
The  fiuid  part  is  then  withdrawn  by  the  absorbent  BCtk)n  of  dry  stucco  basins  or  pans. 
The  dough,  brought  to  a  proper  stiffness,  and  perfectly  worked  and  kneaded  on  the  prin- 
ciples detailed  above,  is  fashioned  on  the  lathe,  by  the  hands  of  modellers,  or  by  preaww 
in  moulds.  The  pieces  are  then  baked  to  the  state  of  biscuit  in  a  kiln,  bemg  enekned, 
of  eourse,  in  saggers. 

This  biscuit  has  the  aspect  of  white  sugar,  and  being  very  porous,  must  receive  a 
vitreous  coating.  The  glaze  consists  of  ground  feldspar  or  Cornish  stone.  Into  thii| 
diffused  in  water,  along  with  a  little  flint-powder  and  potash,  the  biscuit  ware  is  dipped 
as  already  described,  under  stoneware.  The  pieces  are  then  fired  in  the  glaie-kiln,  carp 
being  taken,  before  putting  them  into  their  saggers,  to  remove  the  glaze  powder  from  their 
bottom  parts,  to  prevent  their  adhesion  to  the  fire-clay  vessel. 

TENDER  PORCELAIN. 

• 

Tender  porcelain,  or  soA  china-ware,  is  made  with  a  vitreous  frit,  rendered  less  fosiUe 
and  opaque  by  an  addition  of  white  marl  or  bone-ash.  The  frit  is,  therefore,  first  pr»> 
pared.  This,  at  Sdvres,  is  a  composition,  made  with  some  nitre,  a  little  sea  salt,  Alicaat 
barilla,  alum,  gypsum,  and  much  silicious  sand  or  ground  flints.  That  mixture  is  sub- 
jected to  an  incipient  pasty  fusion  in  a  furnace,  where  it  is  stirred  about  to  Uend  the 
materials  well;  and  thus  a  very  white  spongy  frit  is  obtained.  It  is  pulverized,  and  to 
every  three  parts  of  it,  one  of  the  white  marl  of  Argcnteuil  is  added ;  and  when  the  whole 
are  well  ground,  and  intimately  mixed,  the  paste  of  tender  porcelain  is  formed. 

As  this  paste  has  no  tenacity,  it  cannot  bear  working  till  a  mucilage  of  gum  or  hkck 
soap  be  added,  which  gives  it  a  kind  of  plasticity,  though  even  then  it  will  not  bear  the 
lathe.  Hence  it  must  be  fashioned  in  the  press,  between  two  moulds  of  plaster.  The 
pieces  are  left  thicker  than  they  should  be ;  and  when  dried,  are  finished  on  the  lathe 
with  iron  tools. 

In  this  state  they  are  baked,  without  any  i^laze  being  applied ;  but  as  this  poredain 
softens  far  more  during  the  baking  than  the  hard  porcelain,  it  needs  to  be  supported  on 
every  side.  This  is  done  by  baking  on  earthen  moulds  all  such  pieces  as  can  be  treated 
in  this  way,  namely,  plates,  saucers,  &c.  The  pieces  are  reversed  on  these  moulds,  and 
undergo  their  shrinkage  without  losing  their  form.  Beneath  other  articles,  supports  of 
a  like  paste  are  laid,  which  suffer  in  baking  the  same  contraction  as  the  articles,  and  of 
course  can  serve  only  once.  In  this  operation  saggers  are  used,  in  which  the  pieces  and 
their  supports  are  fired. 

The  kiln  for  the  tender  porcelain  at  Sevres  is  absolutely  similar  to  that  for  the 
common  stoneware ;  but  it  has  two  floors ;  and  while  the  biscuit  is  baked  in  the  lower 
story,  the  glaze  is  fused  in  the  upper  one;  which  causes  considerable  economy  of 
fheL  The  glaze  of  soft  porcelain*  is  a  species  of  glass  or  crystal  prepared  on  purpose. 
It  is  compoMd  <^  flint,  silicious  sand,  a  little  potash  or  soda,  and  about  two  fifth  puts 


r  ii  mEtled  ia  enteibtet  or  pou  bcnealh  ttK  kiln.    The 

sad  diffused  Itirough  water  mixed  vitb  a  UlUe  liaeg&r  U 
II  ibe  piece*  of  biscnil  ue  covered  vith  lliis  glazy  matter, 
br  pomring  Ihii  dip  oiec  Ihem,  tioce  theii  sabilaaee  ii  not  absorbent  enough  to  take  It 
«o  by  immenioD. 

Tbe  pieces  are  encased  once  more  each  in  a  lepante  sagger,  but  without  any  sapports; 
for  the  beat  oT  the  upper  floor  oTtbe  ki]D,thongh  adeqaaletomell  Ihe  glaze,  is  not  ttrong 
enongh  to  soAen  the  biseuiL  Bnt  as  this  first  vilreoas  coat  is  not  very  eqaal,  a  second 
one  is  applied,  and  the  pieces  are  retomed  to  the  kiln  for  the  third  time.  See  Stone,  ai- 
TtncCAL,  for  a  view  of  this  kiln. 

The  mannfaclure  of  soft  porcelain  is  longer  and  more  didicull  than  that  of  hard  j  its 
Uscuit  is  dearer,  altbough  the  raw  materials  may  be  found  everywhere  i  and  it  furnishes 
also  more  refuse.  Many  of  Ihe  pieces  split  asuadcr,  receive  fissures,  or  become  deformed 
in  Ihe  biscuit-kilo,  in  spite  of  the  supports ;  and  this  vitreous  porcelain,  moreover,  is  al- 
ways yellower,  more  transparent,  and  incapable  of  bearing  rapid  Iransilions  of  tempera- 
ture, ao  that  even  Ihe  heal  of  boiling  water  frequently  cracks  it.  Il  possesses  some  ad- 
vutagea  as  to  painting,  and  may  be  made  so  gaudy  and  brilliant  in  its  decoraliont,  u  to 
««ptivale  the  volgar  eye. 


I.  The  Ibtlowing  figures  of  a  feldspar  and  flini  mill  nre  taken  from  plans  of  apparatus 
lately  constructed  by  Mr.  Hall  of  Darlford,  and  erected  by  him  in  Ihe  royal  manulkclory 
«f  Sevres.  There  are  Iwo  similar  sets  of  apparatus,^;.  900,  which  may  be  emptoyed  la- 
id each  of  an  elevated  lub  a,  and  of  three  snctessive  vats 


of  reception  jt',  and  two  behind  il,  whose  top  edges  are  upon  a  lower  level  than  the  bottom 
of  Ihe  eulcs  a,  a,  to  allow  of  the  liquid  running  ont  of  them  with  a  sufficient  slope.  A 
proper  charge  of  kaolin  is  first  pat  into  the  cask  a,  then  water  ia  gradually  run  into  il 
bf  the  gutter  adapted  to  the  stopcock  a,  after  which  the  mixture  is  agitated  powerfully 
in  every  direclion  by  hand  wilh  the  slirring-bar,  which  is  hnng  wilhiu  a  hole  in  the 
eeilinc,  and  has  at  its  upper  end  a  small  tin-plate  funnel  to  prevent  dirt  or  mst  from 
dropping  down  into  Ihe  clay.  The  stirrer  may  be  raised' or  lowered  so  as  lo  touch  any 
fvt  oTlhe  cask.  Tbe  semi-fluid  mass  is  left  to  sctlle  for  a  few  minutes,  and  then  the 
Saer  argillaceous  pap  is  run  off  by  Ihe  stopcock  a',  placed  a  liltle  above  Ihe  gritty 
deposite,  into  the  line  pipe  which  conveys  it  inio  one  of  the  tubs  A';  bnt  as  this  semi- 
liqaid  matter  may  still  contain  some  granular  substances,  it  must  be  passed  through  a 
lieve  before  it  isadmilledintolhetub.  There  i9,lherefore,  at  Ihe  spot  upon  tbe  tub  where 
Ihe  zinc  pipe  terminates,  a  wire-elolh  sieve,  of  an  exlremefy  close  texture,  to  receive  the 
liquid  paste.  This  sieve  is  shaken  upon  its  support,  in  order  to  make  it  discharge  the 
washed  argillaceous  kaolin.  Ader  Ihe  clay  has  subsided,  the  water  is  drawn  off  from  its 
■nriiiee  by  a  zinc  syphon.  The  vats  a'  have  covers,  to  protect  their  contents  from  dnsl. 
In  the  pollery  Isctories  of  England,  the  agilalion  is  produced  by  maehinery,  instead  of  Ihe 
hand.  A  vertical  shaft,  wilh  horizontal  or  obliqae  paddles,  is  made  to  revolve  in  the  vals 
Ar  Ihii  purpose. 

Tki  tmali  Iriluraiing  mill  is  represented  inj!g.90l.  There  are  three  similar  grindinit- 
tnbs  on  the  same  line.  The  details  of  Ihe  construclion  are  shown  in  figi.  902,  903, 
where  il  is  seen  to  consist  principally  of  a  revolving  millstone  a  (fig.  902),  of  a  fast 
or  sleeper  millsloue  a',  and  <rf*  a  vat  c,  honped  with  iron,  with  its  lop  raised  above  the 
■pper  millstone.  The  lower  block  of  hornslone  rests  upon  a  very  firm  basis,  i',-  il 
it  sarronnded  immedialely  by  the  strong  wooden  circle  c,  which  slopes  oul  fnnnel-wisa 
abne,  ia  order  to  throw  back  the  earthy  maltrrt  at  thej  are  pushed  up  by  Ihe  aUritMa 
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tlanei.  Thai  piece  ii  hollowed  ont,  partitlly  to  mdmil  (be  kej  c,  oppcwite  If 
■  Ihe  fancel  and  ifigtA  r*,  fbr  emplTin^  Ihe  tab.  When  one  opermlion  ii  cc»- 
pleled,  Ibe  kc;  c  ii  lined  ont  bf  mcaas  of  i 
pe;  put  into  Ihe  holn  it  ili  lop ;  Ibe  spf^  ii 
tbendnwn,sndlbelbiniiuteM  ran  oat  into ntt. 
The  upper  icrind»tone,  b  d,  like  Ihe  lower  oBe,B 
nbont  (wo  feet  in  diunMer,  and  innM  be  est  i>  a 
peculiar  manner.  At  GrM  ttei«  it  icooped  oit 
a  bollowinc  in  the  (om  of  a  leclor,  denoted  bf 
d  tf,  fig.  90i;  tbearcd/iiaboQt  onrrixthcf 
the  circomference,  to  tfaal  Ihe  Taeuitf  of  the 
tuminK  grindttone  ii  one  liilh  of  ici  mirfaee; 
moreorer,  the  itone  mutt  be  chniiaelled,  in  aider 
to  ^riad  or  craeb  ibe  hud  ^It;  inlwluicei.  For 
this  parpose,  a  wedge-shaped  ^roore  d  t  g,  abotf 
■n  inch  and  a  igoarler  deep,  it  made  on  iu  nndec 
'  face,  whereb]'  the  atone,  ai  it  hinti  in  ihe  direc- 
tion indicated  by  the  arron-,  acts  with  Ibis  inclined  plane  upon  all  the  particles  in  its 
COarK,  eruibin;  them  and  forcing  them  in  between  the  Mone«,  till  the;  be  trilaratedls 
■n  impalpable  powder.  When  the  ftcindstone  wenra  uneqnall]'  on  it«  lower  surface,  it  ia 
useful  to  trace  npon  it  little  furrows,  proceeding  from  the  centre  to  Ihe  ctrcumfereBee, 
like  those  shown  by  the  dotted  linei  e'  t".  It  ronst,  moreoTcr,  be  indented  with  nn^ 
points  by  the  bBmmer. 

The  tumini;  bom-ttone  block  is  set  in  motion  by  the  renieal  thafl  H,  wkicb  is  Cisd 
br  the  clamp-iron  cross  i  to  the  lop  of  Ihe  stone.  When  the  stone  is  new,  ita  Ihiekacaa 
it  about  14  inches,  and  tt  is  made  to  intner  for  i^-indint;  till  it  be  reduced  to  ahotf 
S  incheii,  by  lowering  the  clamp  i  upon  the  ahan,  so  that  it  may  continue  to  keep  \a. 
hold  of  the  ptone.  The  manner  in  which  the  grindMones  are  turned,  ia  obvious  thai 
inspection  of  Jtg.  901,  where  Ihe  horizontal  axis  i.,  which  reeriTct  ita  impulsion  frcB 
the  (treat  waler-whecl,  turns  the  prolonged  rhafl  l',  or  leaves  it  at  rest,  neeoiding  at  Ike 
dutch  /,  (',  is  locked  or  opened.  This  second  shal^  bears  the  three  beiel  wheels  >,m,>. 
These  work  in  three  corresponding  bevel  wheels  M'  M'  x',  made  fast  rnpecliTely  lo  Ihe 

three  renieal  ^hnlU  of  the  millstones,  which  (Ut 

throiiKb  Ibe  cast  iron  guide  lubes  h"  m".     TbtM 
are  fixed  in  n  truly  Tertlcal  position  by  the  eidlar- 
bar  m",  m',Jif.  !I02.     In  this  figure  we  We  at  m  bow 
the  aIron«  cross-bar  of  cast  iron  ia  made  fut  lo  Ihe 
wooden  beams  which  support  all  the  npper  tnecfcao- 
Lim  of  the  mitl.work.     The  bearing  m'  is  dispoaed  ia 
■n  analoEous  manner  \  but  il  is  supported  agaiart 
two  cast  iron  columns,  shown  at  l"  l",  in  Jif .  901. 
The  guide  tubes  k"  are  bored   smmilh  fbr  ■  mall 
distance  from  each  of  their  eMn 
interjacent  calibre  is  wider,  to  that 
touch  only  at  (wo  places.     It  is  obvious,  that  when- 
ever Ihe  shafl  L'  is  set  a-going,  il  neceanBrily  lunt 
the  wheels  Hand  m',  and  their  guide  InbetM";  but  Ibe 
Tertieal  shaA  may  remain  either  at  rest,  or  rerohc, 
according  to  (he  position  of  Ihe  lever  click  or  eatck 
K,  at  the  lop,  which  is  made  lo  elide  upon  the  ihal^ 
and  can  let  fall  a  finEer  into  a  vertical  (roore  cM 
in  the  surface  of  that  shafl.     The  clamp/ork  at  Ik* 
click  is  thus  made  to  calch  npon  the  boritontal  bevel- 
wheel  M',  or  to  release  it,  according  as  Ihe  lever  Kit 
lowered  or  lifled  np.    Thns  each  millslone  may  bl 
thrown  out  of  or  into  gear  at  pleasure. 
These  stones  make  upon  an  average  11  or  12  lams  m 
a  minute,  corresponding  to  three  revolntions  of  the  water- 
wheel,  which  moves  Ihrough  a  space  of  3  feet  4  inches  in 
the  second,  itt  outer  circumference  being  66  ktf,    Tin 
weight  of  Ihe  upper  stone,  with  its  iron   mountings,  it 
about  6  cwt?.,  when  new.    The  charge  of  each  mill  in  dry 
material   is  2  cwls. ;  and  the   waler  may  be  estimated  at 
from  one  half  to  Ihe  whole  of  this  weight ;  whence  the  total 
load  may  be  reckoned  lo  he  at  least  3  cwls. ;  Ihe  stone,  by 
I,  loses  fully  400  pounds  ofils  weight,  and  weighs  therefore  ia 
I,  but  it  is  diacharged  all  at  onee. 
is  iwuly  complete,  a  n 


mities,  and  t 


It  of  the  IB 
teijity  only  2  cwls.    II  is  charged  in 
Wbca  tht  griniling  of  the  lilicioos  ot  {cU«vwi  n 
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phenomenon  ncenn ;  the  robttance  pmipilatct  to  the  boitoca,  and  asmunci  in  a  few 
aeconds  ao  iCrong  a  degree  of  coheuon,  that  it  ia  haidly  possible  to  restore  it  again  to  tha 
ftMj  or  niamfn  itale  g  hence  if  a  milUtone  tnm«  too  ilowlj,  or  if  it  be  Bccidentallr 
Moppetl  foi  a  fev  minates,  the  npper  none  gets  to  Srailf  cemented  to  the  ander  one, 
IhU  it  is  difficult  to  leparate  them.  II  hag  1>een  discOTered,  but  mlhont  knoving  why, 
that  a  little  vinegar  added  la  the  water  of  the  iziagiiia  almoet  infallibl;  prerenti  that 
•odden  stiQEning  of  the  depoi>ile  and  stoppage  of  the  atonet.  If  the  millg  come  to  be 
Ml  fast  in  this  way,  the  BhaAs  or  gearing  would  be  certainlf  broken,  were  not  «ome 
■afetT  provision  to  be  made  in  the  machinery  against  such  Bceidenla,  Mr.  Hall's  con- 
triTUKC  to  obviate  the  above  danger  is  highly  ingeniont.  The  cinteh  1,  t.fig.  901,  is 
■ol  •  locking  crab,  fixed  in  the  common  way,  upon  the  shad  l  ;  but  it  is  composed,  as 
906  904  shown  in^gi.  904,  90S,  606,  907,  of  *  hoop  a,  fixed 

upon  [he  shaft  by  means  of  a  key,  of  a  collar  t,  and 
ofa  flat  ling  or  washer  z,  withfonr  projections,  whicb 
are  fitted  to  the  collar  b,  by  four  bolls  v-    ^'I'g.  905 
represents  the  collar  v  seen  in  front ;  that  is,  by  the 
face  which  carries  Ihe  dutch  teeth  ;  and^gi.  906  rep- 
resents its  otber  face,  which  receives  the  flat  ring  x, 
fig,  907,  in  four  notches  corresponding  to  the  fonr  pro- 
jections of  the  washer-ring.    £incethe  rinsn  is  Died 
upon  the  shsfl  l,  and  necessarily  tarns  with  it,  it  hal 
the  two  other  pieces  at  its  disposal,  namely,  the  collar 
V,  and  the  washer  x,  because  they  are  always  connected 
the  ring  u,  when  the  resislance  Ihey  enconnler 
rmain  al  rest,  letting  the  ring  u  turn  by  itself, 
1  pilch.    To  give  this  degree  of  friction,  wa 
:', fig,  90i;  and  now  as  the  collar  coNp/tng- 
it  is  obvious  that  by  tightening  more  or  lesi 
5  as  it  were  ■  lateral  brake,  to  tighten  more 
'  applied;  by  regulating  this  presanre, 
:s  too  great,  the  leather 
:  washer  2,  and  rubbed  upon  Ibe 
:o  such  a  degree,  that  they  are  apt 


with  it  by  the  four  bolts  y, 

npon  Ibe  shad  l'  is  not  too  great,  and  to 

irtmi  that  resistance  increases  to  a  cert 

Bced  only  interpose  the  leather  washers    , 

loz,  V,  slides  pretty  freely  upon  the  ring  «,  11  1 

Ute  screw  bolts  y,  these  washers  will  become  ai 

«r  leas  the  bearing  of  the  ring  h,  to  which  they 

everything  may  be  easily  adjusted.     When  the 

WMhers,  pressed  npon  one  side  by  the  collar  i>,  oT  thi 

other  side  by  the  prominence  of  the  ring  u,  get ' 


le  carbonized,  and  require  replacement. 
This  safely  dutch  may  be  recommended  to  Ihe  notice  of  mecbankiani,  as  susceptible 
of  beneficial  application  in  a  variety  of  circumslanees. 


Hie  large  feldspar  and  kaolin  mill,  made  by  Mr.  Hall,  for  Sevres,  faaa  a  Bat  bed  of 

one,  in  one  block,  laid  at  the  bollom  of  a  great  tub,  hooped  strongly  with  iron. 

It  crt*  the  English  potteries,  however,  that  bed  consists  of  several  Hat  pieces  of  chert 

itslone,  laid  level  with  each  other.    There  arc,  aa  asaal,  a  spigot  and  faueel  at  the 

ride,  for  drawing  off  the  liquid  paste.    The  whole  system  of  the  mechanism  ia  very  sub- 

(tantial,  and  ia  supported  by  wooden  beams. 

The  following  is  the  manner  of  turning  Ihe  upper  blocks.    In  ^g.  900  the  main 

'   '    '  F  beATS  Bt  one  of  its  extremities  a  toothed  wheel,  usually  mounted  npon 

908  the     periphery    of    the    great 

-     wnler-whccl   {fig.   908  shows 

Ihia  toothed  wheel  by  a  dolled 

line)  al  its  other  end;   r  ear- 

fised  portion  p  of  a 


Duplin 


-boi. 


milar 


just  described  as  belonging 
10  the  little  mill.    On  Ihe  pn>. 
lonintion  of  r,  there  is  a  second 
shaft  r',  which  benrs  the  move- 
able portion  of  that  box,  and 
an    upright    bevel    wheel    f" 
I.astly,   in  figi.  900  and  908, 
there    is    shown    the    vertical 
shaft  q,  which  carries  al  its 
upper  end   a  large  horizontal 
cast-iron  wheel  <l',  not  seen  in 
this  view,  because  il  is  sunk  within  the  upper  suifnce  of  the  turning  hornstone,  IQie  Ihe 
damp  d,f,  \afig.  902.    At  the  lower  end  of  Ihe  shaft  «,  there  is  Ihe  bevel  wheel  a", 
which  receives  motion  from  the  wheel  p",fig.  900. 
The  shaft  r  always  revolves  with  the  water-whed )   but  tiansmils  its  motion  to  the 
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shaft  p'  only  when  the  latter  is  thrown  into  gear  with  the  eoupliiig-box  j/,  by  meautf 
its  forked  lever.  Then  the  bevel  wheel  p'  turns  round  with  the  sbaA  p',  and  commnaioln 
its  rotation  to  the  bevel  wheel  ^"y  which  transmits  it  to  the  sbaA  q,  and  to  the  large  cait 
iron  wheel,  which  is  sunk  into  the  upper  surface  of  the  revolving  homstone. 

The  shah  q  is  supported  and  centred  by  a  simple  and  solid  adjustment ;  at  its  low 
part,  it  rests  in  a  step  a',  which  is  supported  upon  a  cast-iron  arch  q%  seen  in  proik  n 
fig.  900 ;  its  base  is  solidly  fixed  by  four  strong  bolts.  Four  set  screwa  above  n^  jSf .  906^ 
serve  to  set  the  shaA  q  truly  perpendicular ;  thus  supported,  and  held  securely  at  its  kvo 
end,  in  tl^e  step  at  r,/^s.  900  and  908,  it  is  embjgaced  near  the  upper  end  by  a  brass  kuk 
or  collar,  composed  of  two  pieces,  which  may  be  drawn  closer  together  by  means  of  s 
screw.  This  collar  is  set  into  the  summit  of  a  ffreat  truncated  cone  of  east-iron,  wkich 
rises  within  the  tub  through  two  thirds  of  the  thickness  of  the  hornstone  bed;  having  iti 
base  firmly  fixed  by  bolts  to  the  bottom  of  the  tub,  and  having  a  brass  collet  to  seeore  iu 
top.  The  iron  cone  is  cased  in  wood,  '^^'hen  all  these  pieces  are  well  adjusted  sid 
properly  screwed  up,  the  shaft  q  revolves  without  the  least  vacillation^  and  carries  nraad 
with  it  the  large  iron  wheel  q',  cast  in  one  piece,  and  which  consists  of  an  outer  rim,  thxfc 
arms  or  radii,  and  a  strong  central  nave,  made  fast  by  a  key  to  the  top  of  the  shaft  Qytad 
resting  upon  a  shoulder  nicely  turned  to  receive  it.  Upon  each  of  the  three  arms,  that 
are  adjusted,  with  bolts,  three  upright  substantial  bars  of  oak,  which  descend  verticdly 
through  the  body  of  the  revolving  mill  to  within  a  small  distance  of  the  bed-stone ;  aii 
upon  each  of  the  three  arcs  of  that  wheel-ring,  comprised  between  its  three  strong  aiBi^ 
there  are  adjusted,  in  like  manner,  five  similar  uprights,  which  fit  into  hollows  cat  in  tke 
periphery  of  the  moving  stone.  I'hey  ought  to  be  cut  to  a  level  at  their  lower  part,  to 
suit  the  slope  of  the  bottom  of  the  tub  o,j^g«.  900  and  908,  so  as  to  glide  past  it  pfctty 
closely,  without  touching. 

The  speed  of  this  large  mill  is  eight  revolutions  in  the  minute.  The  turning  bon- 
stone  describes  a  mean  circumference  of  14  ]|  inches  (its  diameter  being  45  inches),  and 
of  course  moves  through  about  100  feet  per  second.  The  tub  o,  is  52  inches  widest 
bottom,  56  at  the  surface  of  the  sleeper  block  (which  is  16  inches  thick),  and  64  at  top^ 
inside  measure.  It  sometimes  happens  that  the  millstone  throws  the  pasty  miztare  «it 
of  the  vessel,  though  its  top  is  6  inches  under  the  lip  of  the  tubo;  an  ineonvenieace 
which  can  be  obviated  only  by  making  the  pap  a  little  thicker ;  that  is,  by  allowing  oaly 
from  25  to  30  per  cent,  of  water ;  then  its  density  becomes  nearly  equal  to  2-€0^  wkik 
that  of  the  millstones  themselves  is  only  2*7  ;  whence,  supposing  them  to  weigh  oaly  1 
cwts.,  there  would  remain  an  efiective  weight  of  less  than  |  cwt.  for  pressing  npoa  tke 
bottom  and  grinding  the  gianular  particles.  This  weight  appears  to  be  somewhat  toe 
small  to  do  much  work  in  a  short  time ;  and  therefore  it  would  be  better  to  increase  tke 
quantity  of  water,  and  put  covers  of  some  convenient  form  over  the  tubs.  It  is  estimated 
that  this  mill  will  grind  nearly  5  cwts.  of  hard  kaolin  or  feldspar  gravel,  in  24  hovi^  iato 
a  proper  pap. 

To  the  preceding  methodical  account  of  the  porcelain  manufacture,  I  shall  now  sab> 
join  some  practical  details  relative  to  certain  styles  of  work,  with  comparisons  between 
the  methods  pursued  in  this  country  and  upon  the  Continent,  but  chiefly  by  our  jcaloii 
rivals  the  French. 

The  blue  printed  ware  of  England  has  been  hitherto  a  hopeless  object  of  emnlatioB  ii 
France.  M.  Alexandre  Brongniart,  membre  de  FInstitut,  and  director  of  the  Mmmfmehn 
Royal  de  Sevres,  characterizes  the  French  imitations  of  the  Fayence  fintf  om  ^g/ofjf,  in 
the  following  terms  :  *'  Les  defauts  de  cettc  poterie,  qui  tiennent  ^  sa  nature,  sont  de  le 
pouvoir  aller  sur  le  feu  pour  les  usages  domestiques,  et  d'avoir  un  vemis  tendie,  qni  se 
laisse  aisrment  entamer  par  les  instruments  d'acier  et  de  fer.  Mais  lorsque  cette  poterie 
est  mal  fabriqu^e,  ou  fabriqu^e  avec  une  economic  mal  entendue,  ses  defants  derieaneat 
bien  plus  graves;  son  vemis  jnunStre  et  t#ndre  tressaille  souvent;  il  se  laisse  entaner 
ou  user  avec  la  plus  grande  facilite  par  les  instruments  de  fer,  ou  par  l^sage  ordinaire. 
Les  fissures  que  ce  tressaillemcnt  ou  ces  rayures  ouvrent  dans  le  vemis  permettent  aaz 
matipres  grasses  de  penetrer  dans  le  biscuit,  que  dans  les  poteries  afiect^es  de  ce  defavt,  a 
presque  toujours  une  texture  lAche ;  les  pieces  se  salissent,  s'empuantissent,  et  se  brisent 
m^me  avec  la  plus  grande  facilite."* 

What  a  glaze,  to  be  scratched  or  grooved  with  soft  iron ;  to  fly  oflT  in  scales,  so  as  to 
let  grease  soak  into  the  biscuit  or  body  of  the  ware;  to  become  foul,  stink,  and  break  with 
the  utmost  ease !  The  refuse  crocker>'  of  the  coarsest  pottery  works  in  the  United  King- 
dom would  hardly  deserve  such  censure. 

In  the  minutes  of  evidence  of  the  Enquete  MinuUritUe^  published  in  1835,  MM.  de  Saint 
Cricq  and  Lebeuf,  large  manufacturers  of  potlery-ware  at  Creil  and  Monterean,  give  a 
▼ery  gratifying  account  of  the  English  stoneware  manufacture.  They  declare  that  the  Eng- 
lish possess  magnificent  mines  of  potter's  clay,  many  leagues  in  extent;  while  those  of  the 

*  DifCt.  TachnologiqiM,  taaa.  xrii.,  aiticlt  Potoriw,  p.  S5S. 
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French  are  mere  patches  or  pot9.  Besides,  England,  they  say,  having  npwards  of  200 
potteries,  can  constantly  employ  a  great  many  public  flint-mills,  and  thereby  obtain  thai 
indispensable  material  of  the  best  quality,  and  at  the  lowest  rate.  <<  The  mill  erected  by 
H.  Brongniart,  at  Sevres,  does  its  work  at  twice  the  price  of  the  English  mills.  The 
fael  costs  in  England  one  fourth  of  what  it  does  in  France.  The  expense  of  a  kiln-round, 
in  the  latter  country,  is  200  francs ;  while  in  the  former  it  is  not  more  than  60."  After 
a  two-months  tour  among  the  English  potteries,  these  gentlemen  made  the  following  ad- 
ditional observations  to  their  first  official  statement : — 

^  The  clay,  which  goes  by  water  carriage  from  the  counties  of  Devon  and  Dorset,  into 
Staffordshire,  to  supply  more  than  200  potteries,  clustered  together,  is  delivered  to  them 
at  a  cost  of  4  francs  (3«.  2d,)  the  100  kilogrammes  (2  cwt.) ;  at  Creil,  it  costo  4/.  50c., 
and  at  Mintereau,  only  2/,  40c.  There  appears,  therefore,  to  be  no  essential  differenea 
in  the  price  of  the  clay ;  but  the  quality  of  the  English  is  much  superior,  being  incon- 
testably  whiter,  purer,  more  homogeneous,  and  not  turning  red  at  a  hieh  heat,  like  the 
French."  The  grinding  of  the  flints  costs  the  English  potter  4^4.  per  100  kilos.,  and  the 
French  6d, ;  but  as  that  of  the  latter  is  in  general  ground  dr}',  it  is  a  coarser  article.  The 
kaolin,  or  china  clay,  is  imported  from  Cornwall  for  the  use  of  many  French  potteries ; 
but  the  transport  of  merchandise  is  so  ill  managed  in  France,  that  while  2  ewts.  cost  in 
Staffordshire  only  %/.  75c.  (about  Is.  Id,),  they  cost  12/.  at  Creil,  and  13/.  50c.  at 
Montereau.  The  white  lead  and  massicot,  so  much  employed  for  glazes,  are  62  per  cent. 
dearer  to  the  French  potters  than  the  English.  As  no  French  mill  has  succeeded  in 
Making  unsized  paper  fit  for  printing  upon  stoneware,  our  potters  are  under  the 
■eeessity  of  fetching  it  from  England  ;  and,  under  favor  of  our  own  custom-house,  are 
allowed  to  import  it  at  a  duty  of  165/*.  per  100  kilogrammes,  or  about  Sd.  per  pound 
English.  No  large  stock  of  materials  need  be  kept  by  the  English,  because  every 
article  may  be  had  when  wanted  from  its  appropriate  wholesale  dealers ;  but  the  case  is 
^te  different  with  the  French,  whose  stocks,  even  in  small  works,  can  never  safely  be 
less  in  value  than  150,000^.  or  200,000/'. ;  constituting  a  loss  to  them,  in  interest  upon 
their  capital,  of  from  7,500/'.  to  lOjOOO/l  per  annum.  The  capital  sunk  in  buildings  is 
lar  less  in  England  than  in  France,  in  consequence  of  the  different  styles  of  erecting  stone- 
ware factories  in  the  two  countries.  M.  de  Saint  Cricq  informs  us,  that  Mr.  Clewes,  of 
Shelton,  rents  his  works  for  10,000/*.  (380/.)  per  annum ;  while  the  similar  ones  of  Creil 
and  Montereau,  in  France,  have  cost  each  a  capital  outlay  of  from  dOOyOOC)/*.  to600,00(^., 
and  in  which  the  products  are  not  more  than  one  half  of  Mr.  Clewes'.  <'  This  forms  a 
balance  against  us,"  says  M.  St.  C, "  of  about  20,000/'.  per  annum ;  or  nearly  800/. 
aterlinit.  Finally,  we  have  the  most  formidable  rival  to  our  potteries  in  the  extreme 
dexterity  of  the  English  artisans.  An  enormous  fabrication  permits  the  manufacturers 
to  employ  the  same  workmen  during  the  whole  year  upon  the  same  piece ;  thus  I  hare 
seen  at  Shelton  a  furnisher,  for  sixpence,  turn  off  100  pieces,  which  cost  at  Creil  and 
Montereau  30  sous  (Is.  2id,) ;  yet  the  English  workman  cams  IS/,  75c.  a  week,  while 
iSbe  French  never  earns  more  than  15f,  I  have  likewise  seen  an  English  moulder 
expert  enough  to  make  25  waterpots  a  day,  which,  at  the  rate  of  2d,  a  piece,  bring  him 
4f.  2d.  of  daily  wages;  while  the  French  moulder,  at  daily  wages  also  of  4t,  2d.,  turns 
out  of  his  hands  only  7,  or  at  most  8  pots.  In  regard  to  holloar  wares,  the  English  may 
be  fairly  allowed  to  have  an  advantage  over  us,  in  the  cost  of  labor,  of  100  per  cent. ; 
which  they  derive  from  the  circumstance,  that  there  are  in  Staffordshire  60,000  operatives, 
men,  women,  and  children,  entirely  dedicated  to  the  stoneware  manufacture ;  concentra- 
ting all  their  energies  within  a  space  of  10  square  leagues.  Hence  a  most  auspicious  choice 
of  good  practical  potters,  which  cannbt  be  found  in  France." 

M.  Saint  Amans,  a  French  centleman,  who  spent  some  years  in  Staffordshire,  and  has 
lately  erected  a  large  pottery  in  France,  says  the  English  surpass  all  other  nations  in 
manufacturing  a  peculiar  stoneware,  remarkable  for  its  lightness,  strength,  and  elegance; 
as  also  in  printing  blue  figures  upon  it  of  every  tint,  equal  to  that  of  the  Chinese,  by 
proeesses  of  singular  facility  and  promptitude.  After  the  biscuit  is  taken  out  of  the 
kiln,  the  fresh  impression  of  the  engraving  is  transferred  to  it  from  thin  unsized  paper, 
previously  immersed  in  strong  soap  water ;  the  ink  for  this  purpose  being  a  compound 
of  arseniate  of  cobalt  with  a  flux,  srround  up  with  properly  boiled  linseed  oil.  The 
eopper-plates  are  formed  by  the  graving  tool  with  deeper  or  shallower  lines,  according  to 
the  variable  depth  of  shades  in  the  design.  The  cobalt  pigment,  on  meltinir,  spreads  so 
as  to  give  the  soft  effect  of  water-color  drawing.  The  paper,  being  still  moist,  is 
readily  applied  to  the  slightly  roui?h  and  adhesive  surface  of  the  biscuit,  and  may  be 
mbbed  on  more  closely  by  a  dossil  of  flannel.  The  piece  is  then  dipped  in  a  tub  of  water, 
whereby  the  paper  gets  soA,  and  may  be  easily  removed,  leaving  upon  the  pottery  the  pig- 
ment of  the  engraved  impression.  AAer  being  gently  dried,  the  piece  is  dipped  into  the 
gllaxe  mixture,  and  put  into  the  enamel  oven. 
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CfmpontiiMo/lIu  Earlkj  ltiil*nt. 

The  tnsit  ot  Ihe  Englisb  lUmeware  U,  u  furtDerlr  lUted,  a  blniah  elaj,  hoo^  bm 
Doraetihire  and  DeToashire,  which  lies  at  Ihe  depth  of  from  25  to  30  feet  bcDcalk  Ik 
•niface.  It  is  composfd  of  alwat  24  pans  of  alumiaa,  aod  76  of  (Oica,  with  aome  aOe 
ingredients  in  very  imall  proporlions.  This  claf  i>  very  refractoiT  in  lugb  he>u,  ■  )» 
perly  which,  joinwl  la  its  whiteness  when  bani^,  tender*  it  pecnliSrlf  Talaable  fori* 
Utj.  Ii  it  alsu  the  basisof  all  Ihe  yellow  biBcui^«a^e  ailed  cntan  color,  bihI  to  foari  | 
of  what  is  called  the  yrnling  body ;  as  also  for  Ihe  semi-vilrified  poicclain  of  WedgmdH 
invention,  and  of  the  tender  porcelain. 

Theconsliluenlaof  Ihe  stoneware  are,  that  clay,  the  powder  of  calcined  flinU,  and  of  lb 
decomposed  feldspar  cailel  Coinish  stone.  The  proportions  are  Tuied  b;  the  HBaal 
manufacturer*.  The  fullawing  are  those  generallj  adopted  in  onn  of  the  prineifBl  oU- 
liihments  of  SlsOordshire  :— 

Fm:  crram  color,  Silei  or  gronnd  fliaU        _        _        .        .        -        -       90  paita. 

Clay 100 

Cornish  itone  -.-...-         i 

Compotiiitm  o/lht  PatttJOr  rtctivitig  Ikt  Printing  Boif  mmdtr  tkt  Otto*. 

For  this  parpose  Ihe  proportions  of  the  flint  and  the  feldipar  mnal  be  iacmued.  He 
■abstances  are  mixed  separately  with  water  iota  the  consislenee  of  a  thick  ercam,  wUtt 
weighs  per  pint.  Tar  the  flints  32  ounces,  and  for  the  Cornish  stone  26.  The  china  dv 
of  Comwali  is  added  to  the  rame  oiixture  of  flint  and  feldspar,  when  a  finer  polWT  ■ 
porcelain  is  required.  That  clay  cream  weighs  '24  onnees  per  pint.  Tbeae  24  Muenk 
weigh!  are  reduced  to  one  third  of  their  hulk  by  Evaporation.  The  pint  of  dr;  ConuAdq 
weighs  IT  ounce*,  and  in  its  lirsl  pasty  state  24,  as  juslitiled.  The  dr;  ftinl  powder  «B|ks 
14)  ounces  per  pint;  which  when  miile  into  a  cream  weighs  32  onneei.  ToWmeuoiMif 
DcTondiire  clay-cream  there  are  added, 

13  measures  of  flint  liquor. 
12        —        Cornish  clay  ditto. 
1        —        Cornish  stone  ditto. 
He  whole  are  well  mixed  by  proper  agilaiian,  half  dried  in  the  (rMifh)  of  the  «lipAil., 
and  then  subjected  to  Ihe  machine  for  culling  up  Ihe  clay  into  jaakt.    The  abore  paMe, 
when  balced,  is  very  white,  hard,  sonorous,  and  susceptible  of  receiving  nil  torts  ^  is- 
presstons  from  the  paper  engravings.    When  the  silica  is  mixed  with  the  alnmina  is  the 
above  proportions,  it  forms  a  compact  ware,  and  the  impression  remains  fixed  between  Ike 
biicuil  and  the  glaze,  without  com  muni  catin;  to  either  any  portion  of  the  tint  of  theae- 
tallic  color  employed  in  Ihe  ensraTer>s  press.     The  feldspar  gires  strength  to  the  U*ei)l, 
and  renders  it  sonorous  alter  being  balked  ;  while  the  china  clay  has  the  doable  adTUMfc 
of  imparling  an  agreeable  whiteness  and  great  closeness  of  grain. 

PRECIPITATE,  is  any  matter  separnled  in  minale  panicles  from  the  botom  of  al«4 
which  subsides  to  the  bottom  of  the  vessel  in  a  pulverulent  form. 

PRECIPITATION,  is  the  actual  subsidence  of  a  precipitate. 

PRESS,  HYDRAULIC.  Though  the  explanation  of  the  principles  of  tUa  pown- 
ftil  machine  belongs  to  a  work  upon  mechanical  engineerii^,  rather  than  to  one  ajm 
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naniifactiires,  yet  as  it  is  often  referred  to  in  this  volume,  a  brief  description  of  it  can- 
not be  unacceptable  to  many  of  my  readers. 

The  framing  consists  of  two  stout  cast  iron  plates  a,  fr,  which  are  strengthened  by  pro- 
jeeting  ribs,  not  seen  in  the  section,  fig.  909.  The  top  or  crown  plate  6,  and  the  base- 
jlate  a,  a,  are  bound  most  firmly  together  by  4  cylinders  of  the  best  wrought  iron,  e,  c, 
wbich  pass  up  through  holes  neanthe  ends  of  the  said  plates,  and  are  fast  wedged  in 
them.  The  flat  pieces  e,  e,  are  screwed  to  the  ends  of  the  crown  and  base  plates,  so  as 
to  bind  the  columns  laterally.  /,  is  the  hollow  cylinder  of  the  press,  which,  as  well  as 
the  ram  g,  is  made  of  cast  iron.  The  upper  part  of  the  cavity  of  Xhe  cylinder  is  cast 
MUTOW,  but  is  truly  and  smoothly  rounded  at  the  boring-mill,  so  as  to  fit  pretty  closely 
found  a  well-turned  ram  or  piston;  the  under  part  of  it  is  leA  somewhat  wider 
in  the  casting.  A  stout  cup  of  leather,  perforated  in  the  middle,  is  put  upon  Uie  nm, 
•Ad  serves  as  a  valve  to  render  the  neck  of  the  cylinder  perfectly  water-tight,  by  filling 
up  the  space  between  it  and  the  ram ;  and  since  the  mouth  of  the  cup  is  turned  down- 
wards, the  greater  the  pressure  of  water  upwards,  the  more  forcibly  are  the  edges  of  the 
leather  valve  pressed  against  the  inside  of  the  cylinder,  and  the  tighter  does  ^e  joint  be- 
come.   This  was  Bramah's  beautiful  invention. 

Upon  the  top  of  the  ram,  the  press-plate  or  table,  strengthened  with  projecting  ridges, 
which  is  commonly  called  the  follower,  because  it  follows  the  ram  closely  in  its 
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descent.  This  plate  has  a  half-round  hole  at  each 
of  its  four  comers,  corresponding  to  the  shape  of 
the  four  iron  columns  along  which  it  glides  in  its 
up-aitd-down  motions  of  compression  and  relaxa- 
tion. 

fc>  ^9  fig**  909  and  910,  is  the  framing  of  a 
force  pump  with  a  narrow  barrel ;  i  is  the  well  for 
containing  water  to  supply  the  pump.  To  spare 
room  in  the  engraving,  the  pump  is  set  close  to  the 
press,  but  it  may  be  removed  to  any  convenient 
distance  by  lengthening  the  water-pipe  «,  which 
connects  the  discharge  of  the  force  pump  with  the 
inside  of  the  cylinder  of  the  press.  Fig.  911  is 
a  section  of  the  pump  and  its  valves.  The  pump 
m,  is  of  bronze ;  the  suction-pipe  n,  has  a  conicid 
valve  with  a  long  tail ;  the  solid  piston  or  plunger 
p,  is  smaller  than  the  barrel  in  which  it  plays,  and 
at  its  top  through  a  stuffing-box  q;  r  is  the  pressure-valve,  #  is  the  safety- 
valve,  which,  in  fig,  910,  is  seen  to  be  loaded  with  a  weighted  lever;  t  is  the  dis- 
eharge-valve,  for  letting  the  water  escape,  from  the  cylinder  beneath  the  ram,  back 
iDto  the  well.  See  the  winding  passages  in  fig,  912.  « is  the  tube  which  conveys 
the  water  from  the  pump  into  the  press-cylinder.  In  fig.  910  two  centres  of  motion  for 
the  pump-lever  are  shown.  By  shifting  the  bolt  into  the  centre  nearest  the  pump-rod, 
the  mechanical  advantage  of  the  workman  may  be  doubled.  Two  pumps  are  generally 
mounted  in  one  frame  for  one  hydraulic  press ;  the  larger  to  give  a  rapid  motion  to  the 
ram  at  the  beginning,  when  the  resistance  is  small ;  the  smaller  to  give  a  slower  but 
more  powerful  impulsion,  when  the  resistance  is  much  increased.  A  pressure  of  500  tons 
may  be  obtained  from  a  well-made  hydraulic  press  with  a  ten-inch  ram,  and  a  two  and  a 
one  inch  set  of  pumps.  See  Stearine  Press. 
PRINCE'S  METAL,  or  Prince  Rupert's  metal,  is  a  modification  of  brass. 
PRINTING  INK.  (Encre  d'imprimerie,  Fr.;  Buchdruckerfarbe,  Germ.)  After 
reviewing  the  difierent  prescriptions  given  by  Moxon,  Breton,  Papillon,  Lewis,  those  in 
Nicholson's  and  the  Messrs.  Aikins'  Dictionaries,  in  Rees'  Cyclopeeidia,  and  in  the  French 
Printer's  Manual,  Mr.  Savage*  says,  that  the  Encyclopaedia  Britannica  is  the  only  work, 
to  his  knowledge,  which  has  given  a  recipe  by  which  a  printing  ink  might  be  made,  that 
cMA  be  used,  though  it  would  be  of  inferior  quality,  as  acknowledged  by  the  editor ;  for 
it  specifies  neither  the  qualities  of  the  materials,  nor  their  due  proportions.  The  fine 
black  ink  made  by  Mr.  Savage,  has,  he  informs  us,  been  pronounced  by  some  of  our  first 
printers  to  be  unrivalled ;  and  has  procured  for  him  the  large  medal  from  the  Society  for 
the  Encouragement  of  Arts. 

1.  Linteed  oil. — Mr.  Savage  says,  that  the  linseed  oil,  however  long  boiled,  unless  set 
Hre  to,  cannot  be  brought  into  a  proper  state  for  forming  printing  ink ;  and  that  the 
flame  may  be  most  readily  extinguished  by  the  application  of  a  pretty  tight  tin  cover  to 
the  top  of  the  boiler,  which  should  never  be  more  than  half  full.  The  French  prefer 
ant  oil  to  linseed ;  but  if  the  latter  be  old,  it  is  fully  as  good,  and  much  cheaper,  in  this 
eoontry  at  least. 

2.  Bkuk  rostn  ii  an  important  article  in  the  composition  of  good  ink ;  at  by  melting 
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it  in  the  oil,  when  that  ingredient  is  raffieiently  bofled  and  burnt,  the  two  combine^  mi 
form  a  compound  approximating  to  a  natural  nalsam,  like  that  of  Canada,  which  it  IMf 
one  of  the  best  varnishes  that  can  be  used  for  printing  ink. 

3.  Soap. — This  is  a  most  important  ingredient  in  printers'  ink,  whieb  is  not  em 
mentioncKi  in  any  of  the  recipes  prior  to  that  in  the  Encyclopedia  Britaimlca.  hi 
want  of  soap,  ink  accumulates  upon  the  face  of  th#  types,  so  as  completely  to  elogtka 
ip  af\er  comparatively  few  impressions  have  been  taken;  it  will  not  wash  off  wilhoa 
alkaline  leys,  and  it  skins  over  very  soon  in  the  pot.  Yellow  rosin  soap  is  the  bertfti 
black  inks ;  for  these  of  light  and  delicate  shades,  white  curd  soap  i»  preferable.  T« 
much  soap  is  apt  to  render  the  impression  irregular,  and  to  prevent  the  ink  from  dijif% 
quickly.  The  proper  proportion  has  been  hit,  when  the  ink  works  dean,  without  dog- 
ging the  surface  of  the  types. 

4.  Lamp  black. — The  vegetable  lamp  black,  sold  in  firkins,  takes  hy  iar  the  immI  i» 
nish,  and  answers  for  making  the  best  ink.    See  Black. 

5.  Ivory  black  is  too  heavy  to  be  used  alone  as  a  pigment  for  printing  ink ;  bnt  it  Hf 
be  added  with  advantage  by  grinding  a  little  of  it  upon  a  mnller  with  the  lamp  black,  ht 
certain  purposes ;  for  instance,  if  an  engraving  on  wood  is  required  to  be  printed  so  as  to 
produce  the  best  possible  eft'ect. 

6.  Indigo  alone,  or  with  an  equal  weight  of  Prussian  blue,  added  in  smaD  propovtifl^ 
takes  off  the  brown  tone  of  certain  lamp  black  inks.  Mr.  Savage  recommends  a  hltk 
Indian  red  to  be  ground  in  with  the  indigo  and  Prussian  blue,  to  give  a  rich  tone  to  Ihi 
black  ink. 

7.  Balsam  of  capiviy  as  sold  by  Mr.  Allen,  Plough-court,  Lombard-atreet,  nzed^ 
by  a  stone  and  a  mnller,  with  a  due  proportion  of  soap  and  pigment,  forma  an  eite» 
poraneous  ink,  which  the  printer  may  employ  very  advantageously  when  he  widMi  It 
execute  a  job  in  a  peculiarly  neat  manner.  Canada  balsam  does  not  answer  qnile  n 
well. 

After  the  smoke  begins  to  rise  from  the  boiling  oil,  a  bit  of  burning  paper  stack  it 
the  clefl  end  of  a  long  stick  should  be  applied  to  the  surface,  to  set  it  on  fire,  at  tooa  is 
the  vapor  will  burn;  and  the  flame  should  be  allowed  to  continue  (the  pot  beiig 
meanwhile  removed  from  over  the  fire,  or  the  fire  taken  from  under  the  pot),  tiD  a 
sample  of  the  varnish,  cooled  upon  a  pallet-knife,  draws  out  into  strings  of  about  half  aa 
inch  long  between  the  fingers.  To  six  quarts  of  linseed  oil  thus  trnted,  six  pounds  d\ 
rosin  should  be  gradually  added,  as  soon  as  the  froth  of  the  ebullition  has  subsided. 
Whenever  the  rosin  is  dissolved,  one  pound  and  three  quarters  of  dry  brown  soap^  of  thi 
best  quality,  cut  into  slices,  is  to  be  introduced  cautiously,  for  its  water  of  combiBatioa 
causes  a  violent  intumescence.  Both  the  rosin  and  soap  should  be  well  stirred  with  the 
spatula.  The  pot  is  to  be  now  set  upon  the  fire,  in  order  to  complete  the  combinatioa  of 
all  the  constituents. 

Pat  next  of  well  ground  indigo  and  Prussian  blue,  each  2|  ounces,  into  an  earthen  pas, 
sufiiciently  large  to  hold  all  the  ink,  along  with  4  pounds  of  the  best  mineral  lamp  black, 
and  3|  )x>und8  of  good  vegetable  lamp  black;  then  add  the  warm  varnish  by  slowdegreo^ 
carefully  stirring,  to  produce  a  perfect  incorporation  of  all  the  ingredients.  This  mizturc 
is  next  to  be  subjected  to  a  mill,  or  slab  and  muUer,  till  it  be  levigated  into  a  smooth  sni- 
Ibrm  paste. 

One  pound  of  a  superfine  printing  ink  may  be  made  by  the  following  recipe  of  Mr. 
Savage : — Balsam  of  capivi,  9  oz. ;  lamp  black,  3  oz. ;  indigo  and  Prussian  Use, 
together,  p.  seq.  \\  oz. ;  Indian  red,  f  oz. ;  turpentine  (yellow)  soap,  dry,  3  oz.  This 
mixture  is  to  be  ground  upon  a  slab,  with  a  muller,  to  an  impalpable  smoothness.  The 
pigments  used  for  colored  printins:  inks  are,  carmine,  laJces,  vermilion,  red  lead, 
Indian  red,  Venetian  red,  chrome  yellow,  chrome  red  or  orange,  burnt  terra  di  Sinma, 
gall-stone,  Roman  ochre,  yellow  ochre,  verdigris,  blues  and  yellows  mixed  for  greens, 
indigo,  Prussian  blue,  Antwerp  blue,  lustre,  umber,  sepia,  browns  mixed  with  Venetian 
red,  &c. 

PRINTING  MACHINE.  (Typographic  mfcanique,  Fr.j  DruckmaMchimi,  Qm.) 
In  reviewing  those  great  eras  of  national  industry,  when  the  productive  arts,  after  a  long 
period  of  irksome  vassalage,  have  suddenly  achieved  some  new  conquest  over  the  inertia 
of  matter,  the  contemplative  mind  cannot  fail  to  be  struck  with  the  insignificant  psit 
which  the  academical  philosopher  has  generally  played  in  such  monorable  events. 

Engrossed  with  barren  syllogisms,  or  equational  theorems,  often  little  better  than 
truisms  in  disguise,  he  nevertheless  believes  in  the  perfection  of  his  attainments,  and 
disdains  to  soil  his  hands  with  those  handicrafl  operations  at  which  all  improvements  in 
the  arts  must  necessarily  begin.  He  does  not  deem  a  manufacture  worthy  of  bis  regard, 
till  it  has  worked  out  its  own  grandeur  and  independence  with  patient  labor  and  coo- 
summate  skill.  In  this  spirit  the  men  of  speculative  science  neglected  for  60  years  the 
steam  engine  of  Newcomen,  till  the  aitisan  Watt  transformed  it  into  an  automatic  prodifji 
they  have  never  deigned  to  illustrate  by  dynamical  investigations  the  factory  mechanisinf 
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qT  Ailcwright,  yet  nothing  in  the  whole  compass  of  art  deserves  it  so  well ;  and  though 
perfectly  aware  that  reTolirency  is  the  leading  law  in  the  system  of  the  universe,  they  have 
never  thought  of  showing  the  workman  that  this  was  aJso  the  true  principle  of  every 
satomatic  machine. 

These  remarks  seem  to  be  peculiarly  applicable  to  book-printing,  an  art  invented  for 
tte  honor  of  learning  and  the  glory  of  the  learned,  though  they  have  done  nothing  for 
its  advancement ;  yet  by  the  overruling  bounty  of  Providence  it  has  eventually  served  as 
the  great  teacher  and  guardian  of  the  whole  family  of  man. 

It  has  been  justly  o^erved  by  Mr.  Cowper,  in  his  ingenious  lecture,*  that  no  improve- 
aent  had  been  introdu^d  in  this  important  art,  from  its  invention  till  the  year  1798,  a 

Seriod  of  nearly  350  years.  In  Dr.  Dibdin's  interesting  account  of  printing,  in  the 
ibliogFaphical  Decameron,  may  be  seen  representations  of  the  early  printing-presses, 
whieh  exactly  resemble  the  wooden  presses  in  use  at  the  present  day.  A  new  era  has, 
bowever,  now  arrived,  when  the  demands  for  prompt  circulation  of  political  intelligence 
leqnire  powers  of  printing  newspapers  beyond  the  reach  of  the  most  expeditious  hand 
pRsswork. 

For  the  first  essential  modification  of  the  old  press,  the  world  is  indebted  to  the  late 
Sari  Stanhope,  f  His  press  is  formed  of  iron,  without  any  wood ;  the  table  upon  which 
the  form  of  types  is  laid,  as  well  as  the  platen  or  surface  which  immediately  gives  the 
impression,  is  of  cast  iron,  made  perfectly  level ;  the  platen  being  large  enough  to 
print  a  whole  sheet  at  one  pulL  The  compression  is  applied  by  a  beautiful  combination 
of  levers,  which  give  motion  to  the  screw,  cause  the  platen  to  descend  with  progressively 
teereasing  force  till  it  reaches  the  type,  when  the  power  approaches  the  maximum; 
vpon  the  infinite  lever  principle,  the  power  being  applied  to  straighten  an  obtuse-angled 
jointed  lever.  This  press,  however,  like  all  its  flat-faced  predecessors,  does  not  act  by  a 
eontinuoos,  but,  a  reciprocating  motion,  and  can  hardly  be  made  automatic ;  nor  does  it 
maeh  exceed  the  old  presses  in  productiveness,  since  it  can  turn  ofi*  only  250  impressions 
hoar. 
The  first  person  who  publicly  projected  a  self-acting  printlng-presS,  was  Mr. 
William  Nicholson,  the  able  editor  of  the  Philosophical  Journal,  who  obtained  a  patent 
Im  1790-1,  for  imposing  types  upon  a  cylindrical  surface;  this  disposition  of  tjrpes, 
plates,  and  blocks,  being  a  new  invention  (see/g.  913)  ;  2,  for  applying  the  ink  upon 
tlw  surface  of  the  types,  &c.,  by  causing  the  surface  of  a  cylinder  smeared  with  the 
eoloring-matter  to  roU  over  them;  or  else  causing  the  types  to  apply  themselves  to 
tlM  sakl  cylinder.    For  the  purpose  of  spreading  the  ink  evenly  over  this  cylinder,  he 

proposed  to  apply  three  or  more  distributing 
rollers  longitudinally  against  the  inking  cy- 
linder, so  that  they  m^ht  be  turned  by  the 
motion  of  the  latter.  3.  "  I  perform,"  he 
says,  ^aU  my  impre$siona  by  the  action  of  a 
cylinder,  or  cylindrical  surface;  that  is,  I 
cause  the  paper  to  pass  between  two  cylinders, 
one  of  which  has  the  form  of  types  attached 
to  it,  and  forming  part  of  its  surface;  and 
the  other  is  faced  with  cloth,  and  serves  to 
Niehobon't  for  Nicholaon't  for  press  the  paper  SO  as  to  take  ofi*  an  impres- 

arched  type.  commoa  type.  sion    of   the    color    previously    applied ;     or 

oClierwise  I  cause  the  form  of  types,  previously  colored,  to  pass  in  close  and  successive 
eontact  with  the  paper  wrapped  round  a  cylinder  with  woollen."  (See  /irs.  913  and 
»14.)  X 

In  this  description  Mr.  Nicholson  indicates  pretty  plainly  the  principal  parts  of 
Bodem  printing  machines ;  and  had  he  paid  the  same  attention  to  any  one  part  of  his 
invention  which  he  fruitlessly  bestowed  upon  attempts  to  attach  types  to  a  cylinder,  or 
had  he  bethought  himself  of  curving  stereotype  plates,  which  were  then  beginning  to  be 
talked  of,  he  woukl  in  all  probability  have  realized  a  working  apparatus,  instead  of 
tchcming  merely  ideal  plans. 

The  first  operative  printing  machine  was  undoubtedly  contrived  by,  and  constructed 
nnder  the  direction  of,  M.  Kunig,  a  clock  maker  from  Saxony,  who,  so  early  as  the  year 
1804,  was  occupied  in  improving  printing-presses.  Having  failed  to  interest  (he  con- 
tinental printers  in  his  views,  he  came  to  London  soon  aAer  that  period,  and  submitted 
his  plans  to  Mr.  T.  Bensley,  our  celebrated  printer,  and  to  Mr.  R.  Taylor,  now  one  of 
the  editors  of  the  Philosophical  Magazine. 

*  Ob  the  recent  improvementa  in  printtnir*  fi«t  delivered  at  the  Rojml  Tnvtittition,  Pebrutrr  28,  1818. 

't  Lord  Stanhope  is  the  only  roan  of  leaminjr  whoee  name  fifrurct  in  the  annala  of  tfptt^rnphj. 

t  The  black  part*  m  thete  little  diayrama,  »IS— 9»,  indicate  the  inking  apparatus  ;  the  diagonal  lines,  th« 
mHadeis  upon  which  the  paper  to  bo  printed  is  ajipUed  ;  the  perpendicular  lines,  the  plates  or  typea ;  aad 
IIM  axrows  show  the  track  pursued  by  the  sheet  of  paper. 
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Koiug'a  Binfle,  fur  one 
tide  of  tho  sheet. 


These  geotlemen  afforded  Mr.  Kdnig  and  his  assistant  Baoer,  a  German 
liberal  pecaniary  support.  In  181 1,  he  obtained  a  patent  for  a  method  of  woricing  a 
mon' hand-press  by  power;  but  aAer  much  expense  and  labor  he  was  glad  to  renoaiee 
the  scheme.  He  then  turned  his  mind  to  the  nse  of  a  cylinder  for  commanicatiag  4r 
pressure,  instead  of  a  flat  plate ;  and  he  finally  succeeded,  some  time  before  the  28th  lit- 
▼ember,  1814,  in  completing  his  printing  automaton ;  for  on  that  day  the  editors  of  tk 
Times  informed  their  readers  that  they  were  perusing  for  the  first  time  a  newspaper  prill- 
ed  by  steam-impelled  machinery ;  it  is  a  day,  therefore,  which  will  be  ever  memorable  ii 
the  annals  of  typography. 

In  that  machine  the  form  of  type  was  made  to  traverse  horizontally  nnder  the  piiJNii 
cylinder,  with  which  the  sheet  of  paper  Was  held  in  close  embrace  by  means  of  a  seria 

«of  endless  tapes.    The  ink  was  placed  in  a  cylindrical  bo, 
^^^       ^         from  which  it  was  extruded  by  means  of  a  poweribl  •ereVyd^ 
je  pressing  a  well-fitted  piston ;    it  then  fell  between  two  inn 

A^^M^  rollers,  and  was  by  their  rotation  transferred  to  nereral  oiks 

W///m^  ^  subjacent  rollers,  which  had  not  only  a  motion  roond  thdr 
^^MMM^  axes,  but  an  alternating  traverse  motion  (endwise).  Tkii 
luTmui  system  of  equalizing  rollers  terminated  in  two  which  appM 

the  ink  to  the  types.     (See>ig.  915.)   This  plan  isi  iiduaf  civ 
dently  involved  a  rather  complex  mechanism,  was  hence 
to  manage,  and  sometimes  required  two  hours  to  get  into  good  working  trim.     It  has 
superseded  by  a  happy  invention  of  Mr.  Cowper,  to  be  presently  described. 

In  order  to  obtain  a  great  many  impressions  rapidly  from  the  same  form,  a 
ducting  cylinder  (one  embraced  by  the  paper)  was  mounted  upop  each  side  of  the  ii 
apparatus,  the  form  being  made  to  traverse  under  both  of  them.    This  donble-actiM  as* 
chine  threw  off  1 100  impressions  per  hour  when  first  finished ;  and  by  |i  snbseqnest  ilk* 
provement,  no  less  than  1800. 
Mr.  Konig's  next  feat  was  the  construction  of  a  machine  for  printing  both  sides  «f 

the  newspaper  at  each  complete  In- 
verse of  the  forms.  This  resosbied 
two  single  machines,  placed  with  thrir 
cylinders  towards  each  other,  at  a  fii> 
tance  of  two  or  three  feet;  the  sheet 
was  conveyed  from  one  paper  cylisdo 
to  another,  as  before,  by  means  of  tapes; 
the  track  of  the  sheet  exactly  resenJilcd 
the  letter  S  laid  horizontally,  tims^  qb; 
and  the  sheet  was  turned  over  or  reversed  in  the  course  of  its  passage.  At  the  fint 
paper  cylinder  it  received  the  impression  from  the  first  form,  and  at  the  second  it  ^^ 
ceived  it  from  the  second  form ;  whereby  the  machine  could  print  750  sheets  of  book 
letter-press  on  both  sides  in  an  hour.  This  new  register  apparatus  was  erected  for  Mr. 
T.  Bensley,  in  the  year  1815,  being  the  only  machine  made  by  Mr.  Kdnig  for  priatisg 
npon  both  sides.    See/g.  916. 

Messrs.  Donkin  and  Bacon  had  for  some  years  previous  to  this  date  been  banly 
engaged  with  printing  machines,  and  had  indeed,  in  1813,  obtained  a  patent  ftr  as 

apparatus,  in  which  the  types  were  placed  npon  the  sides  of  a  re- 
volving prism ;  the  ink  was  applied  by  a  roller,  which  rose  ssd 
fell  with  the  eccentricities  of  the  prismatic  surface,  and  the  sheet 
was  wrapped  upon  another  prism  fashioned  so  as  to  coincide  with 
the  eccentricities  of  the  type  prism.  One  such  machine  was 
erected  for  the  University  of  Cambridge.  (See  jSg.  917.)  It  was  a 
beautiful  specimen  of  ingenious  contrivance  and  good 
ship.  Though  it  was  found  to  be  too  complicated  for 
Donkin  and  Bacon's       operatives,  and  defective  in  the  mechanism  of  the  inking 

for  typo.  yet  it  exhibited  for  the  first  time  the  elastic  inking  rollers,  composed 

of  glue  combined  with  treacle,  which  alone  constitute  one  of  the  finest  iaventioiis  of 
modern  typography.  In  Konig's  machine  the  rollers  were  of  metal  covered  with  leather, 
and  never  answered  their  purpose  very  well. 

Before  proceeding  further,  I  may  state  that  the  above  elastic  composition,  which  fs- 
sonbles  caoutchouc  not  a  little,  but  is  not  so  firm,  is  made  by  dissolving  with  heat  hi  two 
pounds  of  ordinary  treacle,  one  pound  of  good  glue,  previously  soaked  daring  a  night  is 
cold  water. 

In  the  year  1815,  Mr.  Cowper  turned  his  scientific  and  inventive  mind  to  the  subject 
of  printing  machines,  and  has  since,  in  co-operation  with  his  partner,  Mr.  Applegatk, 
carried  them  to  an  nnlooked-for  degree  of  perfection.  In  1815  Mr.  0>wper  obtaiacd 
a  patent  for  carving  stereotype  plates,  for  the  porpose  of  fixing  them  on  a  cvUnder 


Konig's  double,  for  both  sidst  of  th«  sheet. 


PRINTING  MACHINE.  1041 

Several  machines  so  mounted,  capable  of  print insr  1000  sheets  per  honr  upon  both 
•ides,  are  at  work  at  the  present  day;   twelve  machines  on  this  principle  having  been 

made  for  the  Di- 
rectors of  the 
Bank  of  Eng- 
land a  short  time 
previous  to  their 
re-issuing     gold. 

Cowper's  tingle,  for  cunred  Cowpcr't  donbls,  for  both  tides  of  the  ^^  a;^^'*  * 

•tereUype.  sheet.  and  919. 

It  deserves  to  be  remarked  here,  that  the  same  object  seems  to  have  occupied  the 
attention  of  Nicholson,  Donkin,  Bacon,  and  Cowpcr ;  viz.,  the  revolution  of  the  form 
ei  types.  Nicholson  sought  to  effect  this  by  giving  to  the  shank  of  a  type  a  shape  like  the 
stone  of  an  arch;  Donkin  and  Bacon 'by  attaching  types  to  the  sides  of  a  revolving 
prism;  and  Cowper,  more  successfully,  by  curving  a  stereotype  plate.  (See  ^^.  918.) 
In  these  machines  Mr.  Cowper  places  two  paper  cylinders  side  by  side,  and  against 
each  of  them  a  cylinder  for  holding  the  plates ;  each  of  these  four  cylinders  is  about  two 
feet  in  diameter.  Upon  the  surface  of  the  stcreotypc-plate  cylinder,  four  or  five  inking 
rollers  of  about  three  inches  in  diameter  are  placed ;  they  are  kept  in  their  position  by 
a  frame  at  each  end  of  the  said  cylinder,  and  the  axles  of  the  rollers  rest  in  vertical  slots 
of  the  frame,  whereby,  having  perfect  freedom  of  motion,  they  act  by  their  gravity  alone,  and 
require  no  adjustment. 

The  frame  which  supports  the  inking  rollers,  called  the  waving-frame,  is  attached  by 
hinges  to  the  general  framework  of  the  machine ;  the  edge  of  the  stereotype-plate  cylin- 
der is  indented,  and  rubs  against  the  waving-frame,  causing  it  to  vibrate  to  and  fro,  and 
consequently  to  carry  the  inking  rollers  with  it,  so  as  to  give  them  an  unceasing  traverse 
movement.  These  rollers  distribute  the  ink  over  three  fourths  of  the  surface  of  the 
cylinder,  the  other  quarter  being  occupied  by  the  curved  stereotype  plates.  The  ink  is 
contains)  in  a  trough,  which  stands  parallel  to  the  said  cylinder,  and  is  formed  by  a 
metal  roller  revolving  against  the  edsc  of  a  plate  of  iron ;  in  its  revolution  it  gets 
covered  with  a  thin  film  of  ink,  which  is  conveyed  to  the  plate  cylinder  by  a  distributing 
loller  vibrating  between  both.  The  ink  is  diffused  upon  the  plate  cylinder  as  before 
described ;  the  plates  in  passing  under  the  inking  rollers  become  charged  with  the  colored 
▼arnish  ;  and  as  the  cylinder  continues  to  revolve,  the  plates  come  into  contact  with  a 
sheet  of  paper  on  the  first  paper  cylinder,  which  is  then  carried  by  means  of  tapes  to  the 
seeond  paper  cylinder,  where  it  receives  an  impression  upon  its  opposite  side  from  the  plates 
upon  the  second  cylinder. 

Thus  the  printing  of  the  sheet  is  completed.  Though  the  above  machine  be  applicable 
only  to  stereotype  plates,  it  has  been  of  general  importance,  because  it  formed  the  foun- 
dation of  the  future  success  of  Messrs.  Cowper  and  Applegath's  printing  machinery,  by 
showing  them  the  best  method  of  sen'ing  out,  distributing,  and  applying  the  colored  varnish 
to  the  types. 

In  order  to  adapt  this  method  of  inking  to  a  flat  type-form  machine,  it  was  merely 
requisite  to  do  the  same  thing  upon  an  extended  flat  surface  or  table,  which  had 
been  performed  upon  an  extended  cylindrical  surface.  Accordingly,  Messrs.  Cowper 
and  Applegath  constructed  a  machine  for  printing  both  sides  of  the  sheets  from  type, 
including  the  inking  apparatus,  and  the  mode  of  conveying  the  sheet  from  the  one  paper 
cylinder  to  the  other,  by  means  of  drums  and  tapes.  It  is  highly  creditable  to  the  scien- 
tifie  judgment  of  these  patentees,  that  in  new  modelling  the  printing  machine  they  dis- 
pensed with  forty  wheels,  which  existed  in  Mr.  Konig's  apparatus,  when  Mr.  Benslcy  re- 
quested them  to  apply  their  improvements  to  it 

The  distinctive  advantages  of  these  machines,  and  which  have  not  hitherto  been 
equalled,  are  the  uniform  distribution  of  the  ink,  the  equality  as  well  as  delicacy 
with  which  it  is  laid  upon  the  types,  the  diminution  in  its  expenditure,  amounting  to 
920   one  half  upon  a  given  quantity  of  letter-press,  and  the  facility  with 
which  the  whole  mechanism  is  managed.       The  band  inkin?-rolier 
and  distributing-table,  now  so  common  in  every  printing-office  in  Eu- 
rope and  America,  is  the  invention  of  Mr.  Cowper,  and  was  specified 
in  his  patent.    The  vast  superiority  of  the  inking  apparatus  in  his  ma- 
chines, over  the  balls  used  of  old,  induced  him  to  apply  it  forthwith 
to  the  common  press,  and  most  successfully  for  the  public ;   but  with 
little  or  no  proflt  to  the  inventor,  as  the  plan  was  unceremoniously  in- 
fringed throughout  the  kingdom,  by  such  a  multitude  of  printers,  whether 
rich  or  poor,  as  to  render  all  attempts  at  reclaiming  his  rights  by  prose- 
Cowper't  inking      cution  hopeless.    See  fig.  920. 
table  asd  roller.  To  construct  s  printing  machine  which  shall  throw  oflf  two  sMes  at  a 

time  with  exact  register^  that  is,  with  the  second  side  placed  precisely  npon  the  back  of  ibm 
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flnt,  U  «  ytrj  dilHcalt  probinn,  wfaich  w>i  flnl  pnelietltr  xilved  by  Hnsn.  Applegitt 
■Dd  Cowpcr.  It  ii  eomparalively  nsj  to  mnke  a  machine  which  ihsU  priol  the  one  tUt 
cf  a  ahret  oC  paper  flnt,  and  then  the  other  tide,  by  ihe  remoTkl  of  on«  iann,  and  tl* 
inlroduction  of  anolher;  and  thni  far  did  Mr.  Kuni;  advance.  A  corrprt  roRits 
reqaiiei  the  iheet,  afler  it  hai  teceiTEd  it»  first  impression  from  oae  cjlioder,  lo  bard 


Appli^KlK  tod  I'owper"*  rdkLb. 

round  the  peripheriei  of  the  cjlinders  and  drums,  al  such  a  rale  a«  to  mrel  Ihe  tTpa 
of  (he  second  side  at  Ihe  exact  point  which  will  ensure  this  side  falling  wilh  itoat- 
trical  nicely  upon  Ihc  back  of  the  Snt.  For  this  purpose,  the  cylinders  and  dnun 
muat  revolve  at  the  very  same  speed  as  the  carriage  underneath  j  hence  the  least  inctr- 
rectness  in  the  workmanship  will  proilnce  such  defective  typoaraphy  as  will  not  be 
endnred  in  book-prinlin;;  al  the  present  day,  Ihoiilh  il  tnay  be  loleraird  in  nevspapen. 
An  equBhle  distribulion  of  the  ink  is  of  no  less  importance  lo  beaulifal  lelter-pma.  See 
figt.  931,  922. 

The  machines  represented  injfgi.  923,  921,  925,  are  different  forms  of  tltoae  wbich  ban 
been  patented  by  Messrs.  Applesath  and  Cowper.  Thai  shown  in^;i.  !ttl3  and  9SS,  priaU 
both  sides  of  the  sheel  durini  its  passage,  and  is  capable  of  throwing  off  nearly  1000 
finished  sheets  per  hour.  The  moistened  quires  of  blank  paper  bein^  piled  upon  i 
table  A,  Ihe  boy,  who  stands  on  the  adjoining  plnlform,  lakes  np  one  (beet  after  aiMher, 
■Dd  lays  them  upon  the  feeder  b,  which  has  serenit  linen  girths  passing  acraas  its  nr- 
Ikce,  and  round  a  pulley  at  each  end  of  Ihe  feeder  ;  so  that  whenever  the  pDlleys  begin 
to  revolve,  the  [notion  of  Ihe  girtha  Carries  forward  Ihe  sheet,  and  delircra  il  orei  the 
Bntering  roller  e,  where  il  is  embraced  hetwcen  two  series  of  endless  tapes,  thai  jam 
round  a  aeries  of  tension  rollers.  ThcM  lapes  are  so  placed  as  to  fall  partly  becweea, 
and  partly  exterior  to,  Ihe  pages  of  the  prinfinz  i  whereby  ihey  remain  in  close  contact 
with  the  sheet  of  paper  on  both  of  its  sides  daring  its  progress  through  the  machioe.  71w 
paper  i a  thus  conducted  from  the  first  printing  cylinder  f,  to  Ihe  second  cylinder  a, 
wilbonl  having  the  tralh  of  ila  register  impaired,  so  that  the  coincidence  of  Ibe  tM 
ptges  is  perfect.  These  (wo  great  cylinders,  or  drums,  are  made  of  east  iron,  turned  per- 
fectly true  upon  a  self-acting  lathe  i*  they  are  clothed  in  these  parts,  eoirespondiag  (o  the 
typographic  impression,  with  fine  woollen  clolh,  called  blatiktls  by  (he  pressmen,  and 
reralvc  upon  powerful  shalU  whieh  rest  in  brass  hearings  of  (he  £(rong  rmmiug  of  the 


tawhine.  These  bearings,  or  plnmmer  blocks,  are  susceptible  of  any  detrree  oTadjuit- 
nent,  by  Mt  screws.  The  drums  h  and  i  are  made  of  wood ;  they  serve  to  condnet  tfai 
Meet  evenly  from  the  one  printing  cylinder  lo  the  other. 

One  series  of  lapes  commences  si  liie  upper  part  of  the  enterinft  dram  k,  pmeeedi  it 
eoa(act  with  the  r^huhand  side  and  under  surface  of  the  printing  eylioder  r,  ptwn 
jjMhM^wita-,d  with »B0h  pl«nn  Ih. i™iQ, rf  il™  ,r«, .^liBd^ 
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small  (enuoa  rollm  ■,  6,  f,  it,  fig.  925,  and  finill;  arrives  at  the  roller  E,  which  Bmjr 
ke  cbIIm!  ibe  commeneemenl  or  the  one  aeries  oT  endleit  lape*.  The  olhei  series  maT 
be  anppmed  to  cooiniencF  M  the  roller  A ,-  it  hu  bd  equal  number  of  tapea,  and  cor- 
mponita  with  the  rormer  in  being  placed  upon  the  eylinileis  to  that  the  aheeu  of  paper 
BIBT  be  held  aeeurely  betweev  them.  lUf  lecond  teries  deaeendi  from  the  roller  A, 
Jig.  923,  to  [he  enterini:  dram  E,  where  it  neela  and  coincidea  with  the  firal  terie*  id 
snchi  way  that  both  nti  of  tapes  proceed  together  «nJ«r  iKe  printing  cylinder  r,DMr  h, 
iwdrr  I,  and  rmnd  o,  nntil  ther  arrive  at  the  roller  i,  fig.  9£3,  where  they  separate,  alter 
bavini  continned  in  contact,  except  at  the  placet  where  the  sheets  of  paper  are  held 
belweea  them.  The  tapes  descend  froDi  the  roller  i,  to  a  roller  at  k,  and,  alter  passing  in 
coatact  with  rollera  at  /,  m,  n,  they  finally  arrive  at  the  roller  h,  where  they  were  mpposed 
to  commence.  Hence  two  series  of  tspea  act  invariably  in  contact,  without  the  leaM 
■nntual  interference,  as  may  be  aeen  by  inspection  of  ihejigt.  933, 924,  925. 

The  rarioDB  cylinders  and  dnms  revolve  very  truly  by  meana  of  a  syslem  of  toothed 
wheel*  and  pinions  monnled  at  Ihcir  ends.  Two  horiionlel  fonni  of  lypet  are  laid  at  ■ 
certain  distance  apart  opon  Ibe  long  carriage  h,  adjoining  to  each  of  which  there  is  a  flat 
Betallic  plate,  or  inking  taMe,  in  the  same  plane.  The  common  carriage,  bearing  its  two 
ftnnM  of  type  and  two  inking  tables,  is  moved  backwards  and  Torwards,  from  one  end  of 
tie  prinlin([  machine  to  (he  other,  upon  rollers  attached  to  the  fraine-work,  and  in  ila 
traverse  briaga  the  lypea  into  contact  wilh  the  sheet  of  paper  clsBped  by  the  tapes  round 
tbe  sarfaces  of  the  printing  cylinders.  This  allernilc  movement  of  the  carriage  is  pro- 
daced  hy  a  pinion  woibini;  allcroalely  into  the  opposite  sides  of  a  rack  under  Uie  table. 
The  pinion  is  deiven  by  Ibe  bevel  wheels  i. 

The  mechanism  for  supplying  the  ink,  and  dUtribnting  it  over  the  forma,  is  one  of  the 
moat  ingenions  end  vatueble  invenliona  bekwiging  to  this  incomparable  machine,  and  ia 
•o  nicely  adjusted,  that  a  ungic  grain  of  the  pigment  may  sullice  for  printing  one  aide 
of  ft  thecL  Two  similar  sets  of  inking  appftratns  are  provided ;  one  at  each  end  of  the 
■Mchine,  adapted  to  ink  iie  own  form  of  type.  The  metal  roller  l,  called  the  dutlor 
roller,  as  it  draws  out  the  snppty  of  ink,  baa  a  slow  rotatory  motion  communicaled  to  it 
by  ■  catgut  cord,  which  passes  round  a  small  pnlley  upon  the  end  of  the  ihalt  of  the 
pnnling  cylinder  a.  A.  horizontal  plale  of  metal,  with  a  straigbt-grotind  edge,  is 
adjoal^  by  set  screws,  so  as  to  stand  nearly  in  contact  wilh  the  dnelor  roller.  This  plate 
lias  an  apricht  ledge  behind,  converting  it  into  a  sort  of  trough  or  magazine,  ready  to  . 
impart  a  coaling  of  ink  to  the  roller,  as  it  revolves  over  the  table.  Another  roller, 
covered  with  elastic  composition  (see  mpri),  called  the  vibrating  roller,  ia  made  to  travel 
between  the  doctor  roller  and  the  inking  table  ;  the  vibrating  roller,  as  it  rises,  touches 
the  ductor  roller  for  an  initant,  abilncl)  a  Sim  of  Ink  f>nm  it,  and  then  descends  to 
transfer  it  to  the  table.  There  are  3  or  4  small  rollers  of  diatribolion,  placed  somewhat 
diagonally  across  [he  table  at  m,  (inclined  only  2  inehe*  from  a  parallel  to  the  end  of  the 
frame,)  fumished  with  long  slender  ailes,  resting  in  vertical  alots,  whereby  th<fy  are 
lenatliberty  torevolvcand  to  tiaveraeat  the  tame  time;  by  which  compound  moremcnt 
tbcj  are  eaahlod  to  eflaca  all  ineqaality  k  the  nrikee  of  tha  varaiih,  or  to  «0mI  a  p«- 
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fllm  of  ink,  to  be  immedialrly  tranireired  by  (hem  to  the  Init.  HcDce  neh  lime  tlial 
the  fDrm«  nialie  a  eomptete  traverse  to  aad  fro,  wbieh  is  reqniiite  for  the  prioling  oT  erenr 
sheet,  ihef  sre  touched  no  less  than  ei^ht  limes  by  the  inking  rollers.  Both  the  distribi^ 
tinf  and  inking  rollers  tarn  in  siati,  which  permit  them  to  rise  and  fall  bo  u  to  beai  wilk 
their  whole  weight  upon  the  inking  table  and  the  fomi,  whereby  they  Deier  stand  in  need 
of  any  adjaslment  by  screws,  but  are  always  ready  for  work  when  dropped  into  their 
respective  place*. 

Motion  is  given  to  the  whole  system  of  apparatus  by  a  strap  Trom  a  steam  engine  gi^K 
round  a  pulley  placed  at  the  end  of  the  axle  at  the  back  of  the  frame;  one  steam-horse 
power  beinj;  adequate  to  drive  two  double  printing  machines ;  while  a  single  machiM 
may  be  driven  by  the  power  of  two  men  acting  upon  a  fly-wheel.  In  Messis.  Ciowe^ 
eatablishment,  in  Siamibrd-streel,  two  five-horse  engines  acluaie  niaeteen  of  the  aboTe 
deieribed  machines. 

The  operation  of  printing  is  perfonned  as  follows  : — See  Jig.  926. 
The  sheets  being  carefnlly  laid,  one  by  one,  upon  the  linen  (rirlhs,  at  the  feeder  a,  the 
rollm  c  rtid  d  are  made  to  move,  by  means  of  a  segment  wheel,  throngh  a  portion  of  « 
revolnlHin.  This  movement  carries  on  the  sheet  of  paper  suiEcientty  to  introduce  it  be- 
tween the  two  series  of  endless  tapes  al  [he  poial  where  they  meet  each  other  upon  iha 
entering  drum  e.  As  soon  us  the  sheet  is  fairly  embraced  between  the  tapes,  the  roller* 
c  and  D  ara  drawn  back,  by  the  operation  of  a  weight,  to  their  original  position,  so  as 
lobe  ready  to  introduce  another  sheet  inlo  the  machine.  The  sheet,  advancing  between 
Uie  endless  tapes,  applies  itself  to  the  blanket  upon  the  printing  cylinder  r,  and  as  it 
revulves  meets  the  first  farm  of  I;  pes,  and  receives  their  impression ;  after  being  ihns 
printed  on  one  side,  it  is  carried,  over  ii  and  ander  i,  to  the  blanket  upon  the  printing  cy- 
tindern,  where  it  is  placet!  in  an  invertcii  position  i  the  printed  side  being  now  in  contact 
with  the  blanket,  and  the  while  side  being  outwards,  meets  the  second  form  of  types  al  the 
proper  instint,  so  as  to  receive  the  second  impression,  and  gel  eompletely  printed.  The 
perfect  sheet,  on  arriving  at  the  point  i,  where  the  two  series  of  tapes 'separate,  is  tossed 
oot  by  centrifugal  force  into  the  hands  of  a  boy. 

The  diagram,  fig.  926,  shows  the  arrangement  of  the  tapes,  agreeably  to  the  precfil- 
nt  ing  description;    the    feeder    e,  with  the 

^v ..^  rollers  c  and  d,  jsseento  have  an  independeitl 

.:  ""  '-'..-.tQ  endless  girth. 

The  diagi-am,  Jtg.  92T,  explains  the 
structure  of  the  great  maehioe  contrived 
by  Messrs.  Applegath  and  Cowper  lor 
printing  the  Timei  newspaper.  Hero 
there  are  four  places  to  lay  on  the  sheeU, 
and.  four  to  take  them  off;  eonsequentlTi 
the  assistance  of  eight  lads  is  required, 
r,  r,  r,  r,  are  the  four  piles  of  paper; 
r,  r.T,  r,  are  the  four  feedingAmrds  i  e,  «,  x,  e,  are  the  four  entering  drums,  upon  which 
the  sheets  are  introduced  between  the  tapes  (,  (,  (,  (,  whence  they  are  conducted  to  tha 
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four  printing  qrlindera  1,  2,  3,  4 ;  t  is  the  fonn  of  tjpe;  i,  i,  are  two  inking  tallies,  d 
which  one  is  placed  at  each  end  of  the  form.  The  inking  apparatus  is  similar  to  thst 
above  described,  with  the  addition  of  two  central  inking  rollers  a,  which  likewise  rccetfe 
their  ink  from  the  inking  tables.  The  printing  cylinders  1, 2,  3,  4,  are  made  to  rise  aad 
fall  about  half  an  inch ;  the  first  and  third  simultaneously,  as  also  the  second  and  fourth. 
The  form  of  type,  in  passing  from  a  to  b,  prints  sheets  at  1  and  3 ;  in  returning  from  ■  Id 
A,  it  prints  sheets  at  4  and  2 ;  while  the  cylinder  alternately  falls  to  give  the  impressioa, 
and  rises  to  permit  the  form  to  pass  untouched. 

Each  of  the  lines  marked  /,  consists  of  two  endless  tapes,  which  run  in  eontact  at  thi 
parts  shown,  but  separate  at  the  entering  drums  k,  and  at  the  taking  off  parts  o^  o,  o,<i 
The  return  of  the  tapes  to  the  entering  drum  is  omitted  in  the  diagram,  to  aToid  eonfasaoa 
of  the  lines. 

The  sheets  of  paper  being  laid  upon  their  respective  feeding-boards»  with  the  fac 
edges  just  in  contact  with  the  entering  drum,  a  small  roller,  called  the  drop-dovi 
roller,  falls,  at  proper  intervals,  down  upon  the  edges  of  the  sheets ;  the  dmm  sad  Ik 
roller  being  then  removed,  instantly  carry  on  the  sheet,  between  the  tapes  t,  dowawaidi 
to  the  printing  cylinder,  and  thence  upwards  to  o,  o,  o,  o,  where  the  tapes  are  parted,  aid 
the  sheet  falls  into  the  hands  of  the  attendant  boy.  This  noble  mechanism  is  so  ps- 
fecQy  equipped,  that  it  is  generally  in  full  work  within  four  minutes  after  the  tarn  m 
brought  into  the  machine-room.  The  speed  of  Konig's  machine,  by  which  the  Timm 
was  formerly  printed,  was  such  as  to  turn  out  1800  papers  per  hour ;  that  of  Applcgilh 
and  Cowper  throws  off  4200  per  hour,  and  it  has  been  daily  in  use  daring  eigiC 
years. 

PRUSSIAN  BLUE,  and  PRUSSIATE  OF  POTASH,  are  two  important  aitkks  of 
chemical  manufacture,  which  mus(  be  considered  together.    The  first  is  called  Iqr  Eaf^iA 
chemists,  Ferrocyanodide  of  iron,  the  Cyanure  ftrroio-feniqiu  of  Berselios ; 
aaurts  eiaenoxyd,  or  eisencyanur  -f-eUencyanid,  Germ. ;  the  second  is  called  Ft 
of  potassium,  the  Cyanure  fcrroso-potassique  of  Berzelius;  Eitenqfammr-kaJiumtf 
«ea  -\-  cyankalium  or  Blausaures  eisenoxydulkaii.  Germ. 

Prussian  blue  {Berliner-blau,  Germ.),  is  a  chemical  compound  of  iron  and 
When  organic  matters,  abounding  in  nitrogen,  as  dried  blood,  horns,  hair,  skins,  cr 
hoofs  of  animals,  are  triturated  along  with  potash  in  a  strongly  ignited  iron  pot,  a  daik 
gray  mass  is  obtained,  that  affords  to  water  the  liquor  orii^inally  called  lixivtMm  tarn- 
guinit,  or  blood-ley,  which,  by  evaporation,  yields  lemon-colored  crystals  in  large  rectas- 
gular  tables,  bevelled  at  the  edi^es.  This  salt  is  called  in  commerce,  prussiate  of  potash, 
and  has  for  its  ultimate  constituents,  potassium,  iron,  oxygen,  and  hydrogen  (die  latter 
two  in  such  proportions  as  to  form  water),  and  the  peculiar  compound  Ctanooxx,  the 
6(aiM/q/f  of  the  Germans. 

These  crystals  consist,  in  100  parts,  of  potassium  37*02,  iron  12*82,  cyanogen  37*40, 
water  12*76;  or,  cyanide  of  potassium  61 -96,  cyanide  of  iron  25*28,  and  water  12*76. 
They  may  be  represented  also  by  the  following  composition :  44*58  of  potassa,  38*82  of 
hydrocyanic  or  prussic  acid,  and  16  60  of  oxyde  of  iron,  in  100  parts;  but  the  first  appean 
to  be  their  true  chemical  constitution.  Dry  ferrocyanodide  of  potassium  is  a  compound  of 
one  atom  of  cyanide  of  iron,  54  =  (28  +  26),  and  2  atoms  of  cyanide  of  potassium,  132,= 

(^  X  2  -f-  40  X  2) ;  the  sum  being  186 ;  hydrogen  being  10  in  the  scale  of  equivalents. 
The  crystals  of  prussiate  of  potash  are  nearly  transparent,  soft,  of  a  sweetish  saline  and 
somewhat  bitterish  taste,  soluble  in  4  parts  of  water  at  52°  F.,  and  in  1  part  of  boiling 
water,  but  insoluble  in  alcohol.  They  are  permanent  in  the  air  at  ordinary  temperatnro^ 
but  in  a  moderately  warm  stove-room  they  part  with  12f  per  cent,  of  water,  withoat 
losing  their  form  or  coherence,  and  becomes  thereby  a  white  friable  anhydrous  ferroey- 
anodide  of  potassium,  consisting  of  42*44  potassium,  42*87  cyanogen,  and  14-69  uroo^  ii 
lOOparta. 

This  salt  is  an  excellent  reagent  for  distin^ishing  metals  flrom  each  other,  as  the 
following  Table  of  the  precipitates  which  it  throws  down  from  their  saline  solutions  will 
show: — 

Metallic  ■olationa.  Color  of  pncipiuta. 

Antimony    .....  white. 

Bismuth  .....  white. 

Cadmium white,  a  little  yellowish. 

Cerium  (protoxyde)         -        -    .  white,  soluble  in  acids. 

Cobalt         .....  green,  soon  turning  reddish-gray. 

Copper  (protoxyde)  ...    -  white,  changing  to  red. 

Do.    (peroxyde)       ...  brown-red. 

Iron  (protoxyde)      -        -        -    -  white,  rapidly  turning  blue. 

Do.    (peroxyde)       ...  dark  blue. 

liCad  -  ....  white,  with  a  yellowish  cast. 

Mtoganeie  (protoxyde)       -       -  wVuiua,  Voxtdn^  ^uvckL^  vMch  or  hlood*rcii 
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MetaUie  idlakioiM.  Colon  of  pndpiteto. 

Manganese  (dentoxjde)  -  -  greenish-gray. 

Mercury  (protoxyde)   ...  white. 

Do.    (peroxyde)     ...  white,  turning  blue. 

Molybdenum       -        -  •  •  dark  brown. 

Nickel  (oxyde)  -  -  -  white,  turning  greenish. 

Palladium  (protoxyde)  •  -  green  (gelatinous.) 

Silver  .  .  •  .  .  white,  turning  brown  in  the  light. 

Tantalum        ....  yellow,  dark  burned  color. 

Tin  (protoxyde)  ...  white,  (gelatinous.) 

I>o.  ^peroxyde)  ...  yellow,        do. 

Uranium  ....  red-brown. 

Zine        .....  while. 

No  precipitations  ensue  with  solutions  of  the  alkaline  or  earthy  salts,  except  that  of 
yttria,  which  is  white ;  nor  with  those  of  gold,  platinum,  rhodium,  iridium,  osmiun^ 
{in  concentrated  solutions)  tellurium,  chromium,  tungstenium.  AU  the  precipitates 
hj  the  ferrocyanodide  of  iron,  are  double  compounds  of  cyanide  of  iron  with  cyanide  of 
the  metal  thrown  down,  which  is  produced  by  the  reciprocal  decomposition  of  the 
tyanide  of  potassium  and  the  peculiar  metallic  oxyde  present  in  the  solution.  The  pre- 
cipitate from  the  sulphate  of  copper  has  a  fine  brown  color,  and  has  been  used  as  a 
pigment ;  but  it  is  somewhat  transparent,  and  therefore  does  not  cover  well.  The  pre- 
cipitate from  the  peroxyde  salts  of  iron  is  a  very  intense  Prussian  blue,  called  on  the 
continent,  Paris  blue.  It  may  be  regarded  as  a  compound  of  prussiate  of  protoxyde  and 
pmssiate  of  peroxyde  of  iron ;  or  as  a  double  cyanide  of  the  protoxyde  and  peroxyde  of 
iron,  as  the  denomination  cyanure  farrosa-ferrique  denotes.  In  numbers,  its  composition 
may  be  therefore  stated  thus :  pjrussic  or  hydrocyanic  acid,  48*48;  protoxyde  of  iron,  20*73 ; 
peroxyde  of  iron,  30*79 ;  or  cyanogen,  46*71 ;  iron,  37-36;  water,  15*93;  which  repre- 
sent its  constitution  when  it  is  formed  by  precipitation  with  the  prussiate  of  potash  or  a 
salt  of  iron  that  contains  no  protoxyde.  If  the  iron  be  but  partially  per^xydized  in  the 
salt,  it  will  afford  a  precipitate,  at  first  pale  blue,  which  turns  dark  blue  in  the  air,  con- 
sisting of  a  mixture  of  prussiate  of  protoxyde  and  prussiate  of  peroxyde.  In  fact,  the 
white  cyanide  of  iron  (the  prussiate  of  the  pure  protoxyde),  when  exposed  to  the  air  in  a 
moist  condition,  becomes,  as  above  stated,  dark  blue ;  yet  the  new  combination  formed 
in  this  case  through  absorption  of  oxygen,  is  essentially  different  from  that  resulting  from 
the  precipitation  by  the  peroxyde  of  iron,  since  it  contains  an  excess  of  the  peroxyde  in 
addition  to  the  usual  two  cyanides  of  iron.  It  has  been  therefore  called  basic  Prussian 
blue,  and,  from  its  dissolving  in  pure  water,  toluble  Prussian  blue. 

Both  kinds  of  Prussian  blue  agree  in  being  void  of  taste  and  smell,  in  attracting 
homidity  from  the  air  when  they  are  artificially  dried,  and  being  decomposed  at  a  heat 
above  348°  F.  The  neutral  or  insoluble  Prussian  blue  is  not  afiected  by  alcohol ;  the 
basic,  when  dissolved  in  water,  is  not  precipitated  by  that  liquid.  Neither  is  acted  upon 
by  dilate  acids ;  but  th^y  form  with  conc^trated  sulphuric  acid  a  white  pasty  mass, 
from  which  they  are  again  reproduced  by  the  action  of  cold  water.  They  are  decom- 
posed by  strong  sulphuric  acid  at  a  boiling  heat,  and  by  strong  nitric  acid  at  common 
temperatures ;  but  they  are  hardly  afiected  by  the  muriatic.  They  become  green  with 
chlorine,  but  resume  their  blue  color  when  treated  with  disoxydizing  reagents.  When 
Pmssian  blue  is  digested  in  warm  water  along  with  potash,  soda,  or  lime,  peroxyde  of 
iron  is  separated,  and  a  ferroprussiate  of  potash,  soda,  or  lime  remains  in  solution.  If 
the  Prussian  blue  has  been  previously  purified  by  boiling  in  dilute  muriatic  acid,  and 
washing  with  water,  it  will  afford  by  this  treatment  a  solution  of  ferrocyanodide  of  po- 
tassium, from  which  by  evaporation  this  salt  may  be  obtained  in  its  purest  crystalline 
state.  When  the  powdered  Prussian  blue  is  diffused  in  boiling  water,  and  digested  with 
red  oxyde  of  mercury,  it  parts  with  all  its  oxyde  of  iron,  and  forms  a  solution  of  bi-cy- 
anodide,  improperly  called  prussiate  of  mercury ;  consisting  of  79*33  mercury,  and  20*67 
cyanogen;  or,  upon  the  hydrogen  equivalent  scale,  of  200  mercury,  and  52=(26X2) 
cyanogen.  When  this  salt  is  gently  ignited,  it  affords  gaseous  cyanogen.  Hydrocyanic 
or  prussic  acid,  which  consists  of  1  atom  of  cyanogen  =  26,  -|-  1  of  hydrogen  =  1,  is 
prepared  by  distilling  the  mercurial  bi-cyanide  in  a  glass  retort  with  the  saturating  quan- 
tity of  dilute  muriatic  acid.  Prussic  acid  may  also  be  obtained  by  precipitating  the  mer- 
cary  by  sulphureted  hydrogen  gas  from  thf  solution  of  its  cyanide;  as  alsa  by  distilling 
the  ferrocyanide  of  potassium  along  with  ililute  sulphuric  acid.  Prussic  acid  is  a  very 
volatile  light  fluid,  eminently  poisonous,  and  is  spontaneously  decomposed  by  keeping,  es- 
pecially when  somewhat  concentrated. 

Having  expounded  the  chemical  constitution  of  Prussian  blue  and  prussiate  of  potash, 
I  shall  now  treat  of  their  manu/actun  upon  ih»  commercial  scale. 

1.  0/blood4ey,  the  phlogisticated  alkali  of  Scheele.  Amom;  the  animal  substances  used 
Ibr  the  preparation  of  this  lixivium,  blood  deserves  the  preference,  where  it  can  be  had 
cheap  eaough.    It  must  be  evaporated  to  perfect  drynesa,  le^Vu^tA  \o  ^w\«>%jb^^b^«^- 
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Hoofs,  parings  of  hornt,  hides,  old  woollen  rags,  and  other  aBimal  ciAJs,  are,  however, 
generally  had  recourse  to,  as  condensing  most  azotized  matter  in  the  smaUest  balk.  Drid 
funguses  have  been  also  prescribed.  These  animal  matters  may  either  be  first  carboaized 
in  cast  iron  cylinders,  as  for  the  manufacture  of  «a/  ammoniac  (which  see),  and  the  residiial 
charcoal  may  be  then  taken  for  making  the  ferroprussiate ;  or  the  dry  animal  matters  may 
be  directly  employed.  The  latter  process  is  apt  to  be  exceedingly  olfensive  to  the  work- 
men  and  neighborhood,  from  the  nauseous  vapors  that  are  exhaled  in  it.  £iarht  pooak 
of  horn  (hoofs),  or  ten  pounds  of  dry  blood,  afford  upon  an  average  one  pound  cMf  cbarcoaL 
This  must  be  mixed  well  with  good  pearlash,  (freed  previously  from  most  of  the  sulphate 
of  potassa,  with  which  it  is  always  contaminated),  either  in  the  dry  way,  or  by  soaking 
the  bruise<l  charcoal  with  a  strong  solution  of  the  alkali ;  the  proportion  being  one  part 
of  carbonate  of  putassa  to  from  i|  to  2  parts  of  charcoal,  or  to  about  eight  parts  of  hard 
animal  matter.  Gauticr  has  proposed  to  calcine  three  parts  of  dry  bkxxi  with  one  of  ni- 
tre ;  with  what  advantage  to  the  manufacturer,  I  cannot  discover. 

The  pot  for  calcining  the  mixture  of  animal  and  alkaline  matter  is  egg-shaped  at 
represented  at  a,  fig,  928,  and  is  considerably  narrowed  at  the  neck  e,  to  facilitate  the 
closing  of  the  mouth  with  a  lid  t.     It  is  made  of  cast  iron,  about  two  inches  thick  in  Ike 

belly  and  bottom ;  this  strength  being  reiiai- 
site  because  the  chemical  action  of  the  na- 
terials  wears  the  metal  fast  away.  It  tkooU 
be  built  into  the  furnace  in  a  direction  siopias 
downwards,  (more  than  is  shown  in  the  fignie)^ 
and  have  a  strong  knob  b,  projecting  fron 
its  bottom  to  support  it  upon  the  back  waD, 
v.'hile  its  shoulder  is  embraced  at  the  annsc^c^ 
by  the  brickwork  in  front.  The  interkir  of 
the  furnace  is  so  formed  as  to  leave  bat  a 
s|)ace  of  a  few  inches  round  the  pot,  in  order 
to  make  the  flame  play  closely  over  its  whole 
surface.  The  fire-door  /,  and  the  draught- 
hole  2,  of  the  ash-pit,  are  placed  in  the  pos> 
terior  i)art  of  the  furnace,  in  order  that  the 
workmen  may  not  he  incommoded  by  the  heat.  The  smoke  vent  o,  issues  through  the 
arched  top  h  of  the  furnace,  towards  the  front,  and  is  thence  led  backwards  by  a  flue  to 
the  main  chimnev  of  the  liiclorv.  d  is  an  iron  or  stone  shelf,  inserted  before  the  mouth 
of  the  pot,  to  prevent  loss  in  shovelling  out  the  semi-liquid  paste.  The  pot  may  be  half 
filled  with  the  materials. 

The  calcininc:  process  is  ditfi  rent,  according  as  the  animal  substances  'are  fresh  ot 
carbonized.  In  the  first  case,  the  pot  must  remain  open,  to  allow  of  diligent  stirring  of 
its  contents,  with  a  slit^htly  bent  flat  iron  bar  or  scoop,  and  of  introducing  more  of  the 
mixture  as  the  intumescence  subsides,  during  a  period  of  five  or  six  hours,  till  the  nau- 
seous vapors  cease  to  rise,  till  the  flame  becomes  smaller  and  J)righter,  and  till  a  smell 
of  ammonia  be  perceived.  At  this  time,  the  heat  should  be  increased,  the  mouth  of  the 
pot  should  be  shut,  and  opened  only  once  every  half  hour,  for  the  purpose  uf  working  the 
mass  with  the  iron  paddle.  When  on  opening  the  mouth  of  the  pot,  and  stirring  the 
pasty  mixture,  no  more  flame  rises,  the  process  is  finished. 

If  the  animal  ingredients  are  employed  in  a  carbonized  state,  the  pot  must  be  shut 
as  soon  as  its  contents  are  brought  to  ignition  by  a  briskly  urged  fire,  and  opened  for  a 
few  seconds  only  every  quarter  of  an  hour,  during  the  action  of  stirring.  At  first,  a 
body  of  flame  bursts  forth  every  time  that  the  lid  is  removed ;  but  by  decrees  this 
ceases,  and  the  mixture  soon  agglomerates,  and  then  softens  into  a  paste.  Though  the 
fire  be  steadily  kept  up,  the  flame  becomes  less  nnd  less  each  time  that  the  pot  is  opened; 
and  when  it  ceases,  the  process  is  at  an  end.  The  operation,  with  a  mass  of  50  pounds  of 
charcoal  and  50  pounds  of  purified  pearlash,  lasts  about  12  hours,  the  first  time  that  the 
furnace  is  kindled  ;  but  when  the  pot  has  been  ]>reviously  brousrht  to  a  stale  of  isrnition, 
it  takes  only  7  or  8  hours.  In  a  well-appointed  factory,  the  fire  should  be  invariably 
maintained  at  the  proper  pitch,  and  the  pots  should  be  worked  with  relays  of  opera- 
tives. 

The  molten  mass  is  now  to  be  scooped  out  with  an  appropriate  iron  shovel,  having  along 
shank,  and  caused  to  cool  in  small  portions,  as  quickly  as  possible;  but  not  by  throwing 
it  into  water,  as  has  sometimes  been  prescribed  ;  for  in  this  way  a  good  deal  of  the  cyan- 
ogen is  converted  into  ammonia.  If^  it  be  heaped  up  *\nd  kept  hot  in  contact  with  air, 
some  of  the  ferrocyanide  is  also  decomposed,  with  diminution  of  the  product.  The 
crude  mass  is  to  be  then  put  into  a  pan  with  cold  water,  dissolved  by  the  application  of 
a  moderate  heat,  and  filtered  throuirh  cloths.  The  charcoal  which  remains  upon  the 
filter  possesses  the  properties  of  decolorinc:  sirups,  vinecrars,  &c.,  nnd  of  destroying  smeDs 
in  a  pre-eminent  degree.  It  may  also  serve,  when  mixed  with  fresh  animal  coal,  lor  an- 
othttr  caicioing  operation. 
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As  f he  iron  requisite  for  the  formation  of  the  ferroeyanide  is  in  general  derived  f\nm 
the  sides  of  the  pot,  this  is  apt  to  wear  out  into  holes,  especially  at  its  under  side,  where 
the  beat  is  greatest.  In  this  event,  it  may  be  taken  out  of  the  furnace,  patched  vp 
with  iron-rust  cement,  and  re-inserted  with  the  sound  side  undermost.  The  erosion  of 
tlie  pot  may  be  obviated  in  some  measure  by  mixing  iron  borings  or  cinder  (ham- 
merKhlag)  with  the  other  materials,  to  the  amount  of  on6  or  two  hundredths  of  the 
potash. 

The  above  lixivium  is  n6t  a  solution  of  pure  ferroprussiate ;  it  contains  not  a  little 
cyanide  of  potassium,  which  in  the  course  of  the  process  had  not  absorbed  the  proper 
dose  of  iron  to  form  a  ferrocyanide;  it  contains  also  more  or  less  carbonate  of  potash, 
with  phosphate,  sulphate,  hydrogenated  sulphuret,  muriate,  and  sulpho-cyanide  of  the 
nine  base,  as  well  as  phosphate  of  lime ;  substances  derived  partly  from  the  impure  pot- 
■^  and  partly  from  the  incinerated  animal  matters.  Formerly  that  very  complex  impnre 
■olntion  was  employed  directly  for  the  precipitation  of  Prussian  blue ;  but  now,  in  all  well 
rcfulated  works,  it  is  converted  by  evaporation  and  cooling  into  crystallized  ferroprussiate 
of  potash.  The  mother-water  is  again  evaporated  and  crystallized,  whereby  a  somewhat 
inferior  ferroprussiate  is  obtained.  Before  evaporating  the  ley,  however,  it  is  advisable  to 
add  as  much  solution  of  green  sulphate  of  iron  to  it,  as  will  re-dissolve  the  white  precipi- 
tate of  cyanide  of  iron  which  first  falls,  and  thereby  convert  the  cyanide  of  potassium, 
which  is  present  in  the  liquor,  into  ferrocyanide  of  potassium.  The  commercial  prus- 
tiate  of  potash  may  be  rendered  chemically  pure  by  making  its  crystals  effloresce  in  a 
itove,  fusing  them  with  a  gentle  heat  in  a  glass  retort,  dissolving  the  mass  in  water, 
■eotralizini?  any  carbonate  and  cyanide  of  potash  that  may  be  present  with  acetic  acid, 
them  precipitating  the  ferroprussiate  of  potash  by  the  addition  of  a  sufficient  quantity  of 
aleohol,  and  finally  crystallizing  the  precipitated  salt  twice  over  in  water.  The  sulphate 
of  potassa  may  be  decomposed  by  acetate  of  baryta,  and  the  resulting  acetate  of  potassa 
rcBoved  by  alcohol. 

2.   The  prtciffitation  of  Prussian  blue.. — Green  sulphate  of  iron  is  always  employed 
by  the  manufacturer,  on  account  of  its  cheapness,  for  mixing  with  solution  of  the  ferro- 
pmisiate,  in  forming  Prussian  blue,  though  the  red  sulphate,  nitrate,  or  muriate  of  iron 
WBvld  aflbrd  a  much  richer  blue  pigment.     Whatever  salt  of  iron  be  preferred,  shoukl  be 
carcfally  freed  from  any  cupreous  imprcgnntion,  as  this  would  give  the  pure  blue  a 
dirty  brownish  cast.     The  green  sulphate  of  iron  is  the  most  advantageous  precipitant, 
oaaeeonnt  of  its  affording  protoxyde,  t6  convert  into  ferrocyanide  any  cyanide  of  po- 
taniam  that  may  happen  to  be  present  in  the  uncr>'stallizcd  lixivium.    I'he  carbonate 
of  potash  in  that  lixivium  might  be  saturated  with  sulphuric  acid  before  adding  the 
•obtion  of  sulphate  of  iron;  but  it  is  more  commonly  done  by  adding  a  certain  portion 
of  lUun ;  in  which  case,  alumina  falls  along  with  the  Prussian   blue ;    and  though  it 
readers  it  somewhat  paler,  yet  it  proportionally  increases  its  weight ;   whilst  the  acid  of 
llketlnm  saturates  the  carbonate  of  potash,  and  prevents  its  throwing  down  iron-oxyde, 
to  degrade  by  its  brown-red  tint  the  tone  of  the  blue.     For  every  pound  of  pearlash 
ved  in  the  caleiaatk>n,  from  two  to  three  i)ounds  of  alum  are  employed  in  the  precipi- 
titioQ.    When  a  rich  blue  is  wished  for,  the  free  alkali  in  the  Prussian  ley  may  be  partly 
Mtvated  with  sulphuric  acid,  before  adding  the  mingled  solutions  of  copperas  and 
•Ini.    One  part  of  the  sulphate  of  iron  is  generally  allowed  for  15  or  20  parts  of  dried 
kM,  and  2  or  3  of  horn-shavin?s  or  hoofs.    But  the  proportion  will  depend  very 
mehnpon  the  manipulations,  which,  if  skilfully  conducted,  will  produce  more  of  the 
cyuides  of  iron,  and  require  more  copperas  to  neutralize  them.    The  mixed  solutions 
^•lam  and  copperas  should  be  progressively  added  to  the  ley  as  long  as  they  produce 
^  precipitate.     This  is  not  at  first  a  fine  blue,  but  a  greenish  gray,  in  consequence  of 
t^tdmixture  of  some  white  cyanide  of  iron ;  it  becomes  gradually  blue  by  the  absorption 
^  oxygen  from  the  air,  which  is  favored  by  agitation  of  the  liquor.     Whenever  the 
color  seems  to  be  as  beautiful  as  it  is  likely  to  become,  the  liquor  is  to  be  run  off  by  a 
'pi^  or  cock  from  the  bottom  of  the  precipitation  vats,  into  flat  cisterns,  to  settle. 
I^eelear  supernatant  fluid,  which  is  chiefly  a  solution  of  sulphate  of  potash,  is  then 
^vn  off  by  a  syphon ;    more  water  is  run  on  with  agitation  to  wash  it,  Which  aAer 
^ettlin?  is  a^in  drawn  off;  and  whenever  the  washings  become  tasteless,  the  sediment  is 
*krown  upon  filter  sieves,  and  exposeil  to  dry,  first  in  the  air  of  a  stove,  but  finally  upon 
•^  of  chalk  or  Paris  plaster.     But  for  several  purposes,  Prussian  blue  may  be  best 
^Moyed  in  the  fresh  pasty  state,  ns  it  then  spreads  more  evenly  over  paper  and  other 
•Biftces. 

A  good  article  is  known  by  the  following  tests  :  it  feels  lii^ht  in  the  hand,  adheres  to 
^loogue,  has  a  dark  lively  blue  color,  and  i^ives  a  smooth  deep  trace;  it  shoukl  not 
*^esee  wKh  acids,  as  when  adulterated  with  chalk ;  nor  become  pasty  with  boilinf 
*Mer,  as  when  adalterated  with  starch.  The  Paris  blue,  prepared  without  alum,  with 
^pcroxyde  salt  of  iron,  displays,  when  nibbed,  a  copper-red  lustre,  like  indigo.  Pnn^ 
^  blue,  degraded  in  its  color  by  an  admixture  of  free  oxyde  of  iron,  may  be  iio- 
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proved  by  digestion  in  dilute  sulphuric  or  muriatic  acid,  washing,  and  drying.  Its  rdir 
live  richness  in  the  real  ferropniiisiate  of  iron  may  be  estimated  by  the  quantity  of  polask« 
■oda  which  a  given  quantity  of  it  requires  to  destroy  its  blue  color. 

Sulphureted  hydrogen  passed  through  Prussian  blue  diffused  in  wnter,  whiteni  it; 
while  prussic  acid  is  eliminated,  sulphur  is  thrown  down,  and  the  sesquicjanide  of  n 
is  converted  into  the  single  cyanide.  Iron  and  tin  operate  in  the  same  way.  Wha 
Prussian  blue  is  made  with  two  atoms  of  ferrocyanide  of  potassium,  instead  fjToiic,  itk> 
comes  soluble  in  water. 

For  the  mode  of  applying  this  pigment  in  dyeing,  see  Cauco-fkintikg. 

SesquifcrrocyanaU  of  potash  is  prepared  by  passing  chlorine  gas  throngh  a  solntioa  d 
ferroc}anide  of  potassium,  till  it  becomes  red,  and  ceases  to  precipitate  the  peraxyde  salto 
of  iron.  The  liquor  yields,  by  evaporation,  prismatic  crystals,  of  a  ruby- red  transfareacf. 
They  are  soluble  in  38  paits  of  water,  and  consist  of  40*42  parts  of  seaqaicyanide  d'iraa, 
and  59*58  of  cyanide  of  potassium.  The  solution  of  this  Mlt  precipitates  tlie  fcdkiviif 
metals,  as  stated  in  the  table ; — 


Bismuth 
Cadmium 
Cobalt 

Copper  (protoxyde) 
Do.    (peroxyde) 
Iron,  protoxyde  salts  of 
Manganese    - 
Mercury  (protoxyde) 


pale  yellow. 

yellow. 

dark  brown-red. 

red-broMm. 

yellow-green. 

blue. 

brown. 

red-brown. 


Mercury  (peroxyde)     - 

Molybdenum 

Nickel 

Silver 

Tin  (protoxyde) 

Uranium     ... 

Zinc  ... 


yellow. 

red-brown. 

yellow-greet. 

red-brown. 

white. 

red-brown. 

onmge-yeOov. 


PUMICE-STONE  (Pierre-ponce,  Fr. ;  Bimaiein,  Germ.),  is  a  spongy,  Titreons-lookij^ 
mineral,  consisting  of  fibres  of  a  silky  lustre,  interlaced  with  each  other  in  all  direction. 
It  floats  upon  water,  is  harsh  to  the  touch,  having  in  mass  a  mean  sp.  gray,  of  0-914; 
though  brittle,  it  is  hard  enough  to  scratch  glass  and  most  metals.  Its  color  i^  nsaaOr 
grayish  white ;  but  it  is  sometimes  bluish,  greenish,  reddish,  or  brownish.  It  foiei 
without  addition  at  the  blowpipe  into  a  white  enamel.  Recording  to  Klaproth,  il  if 
composed  of,  silica,  77*5;  alumina,  17*5;  oxyde  of  iron,  2;  potassa  and  soda,  3;  in  100 
parts.  The  acids  have  hardly  any  action  upon  pumice-stone.  It  is  used  for  poliihiig 
ivory,  wood,  marble,  metals,  glass,  5lc.;  as  also  skins  and  parchment.  Pamice-ftoae 
is  usually  reckoned  to  be  a  volcanic  product,/esulting,  probably,  from  the  aetioB  of 
fire  upon  obsidians.  The  chief  localities  of  this  mineral  are  the  islands  of  Lipari,  Poan, 
Ischia,  and  Vulcano.  It  is  also  found  in  the  neighborhood  of  Andernach,  npon  thebaab 
of  the  Rhine,  in  Teneriffe,  Iceland,  Auvergne,  &c.  It  is  sometimes  so  spongy  as  to  le 
of  specific  gravity  0*37. 

PUOZZOLANA  is  a  volcanic  gravelly  product,  used  in  making  hydraalie  motlir. 
See  Cemf.nts  and  Mortars. 

PURPLE  OF  CASSIUS.  GoWpttr/)/*  (Pourpre.  de  Cas8ms,Tr,;  Gold^pwjmr,  Gem,), 
is  a  vilrifiable  pigment,  which  stains  glass  and  porcelain  of  a  beautiful  red  or  purple  hue. 
Its  preparation  has  been  deemed  a  process  of  such  nicety,  as  to  be  liable  to  fail  in  the 
most  experienced  hands.  The  following  observations  will,  I  hope,  place  the  subject  npoa 
a  surer  footing. 

The  proper  pigment  can  be  obtained  only  by  adding  to  a  neutral  muriate  of  gdd  ■ 
mixture  of  the  protochloride  and  perchloride  of  tin.  Everything  depends  npon  this 
intermediate  state  of  the  tin ;  for  the  protochloride  does  not  aflbrd,  even  with  a  eoih 
centrated  solution  of  gold,  either  a  chestnut-brown,  a  blae,  a  green,  a  metallic  fnd' 
pitRte,  or  one  of  a  purple  tone ;  the  perchloride  occasions  no  precipitate  whatever, 
whether  the  solution  of  gold  be  strong  or  dilute;  but  a  properly  neutral  mixture, of 
1  part  of  crystallized  protochloride  of  tin,  with  2  parts  of  crystallized  perchloride,  pra- 
duces,  with  1  part  of  crystallized  chloride  of  gold  (all  being  in  solution),  a  beaQtifil 
purple-colored  precipitate.  An  excess  of  the  protosalt  of  tin  gives  a  yellow,  blue,  or 
green  cast ;  an  excess  of  the  persalt  gives  a  red  and  violet  cast ;  an  excess  in  the  goU 
salt  occasions,  with  heat  (but  not  otherwise),  a  change  from  the  violet  and  chestnut- 
brown  preeipitate  into  red.  According  to  Fuchs,  a  solution  of  the  sesqnioxyde  of  tin  ia 
muriatic  acid,  or  of  the  sesquichloride  in  water,  serves  the  same  purpose,  when  dropped 
into  a  very  dilute  solution  of  gold. 

Buisson  prepares  gold-purple  in  the  following  way.  He  dissolves,  first,  I  graDDt 
of  the  best  tin  in  a  sufficient  quantity  of  muriatic  acid,  taking  care  that  the  soh' 
tion  is  nentral ;  next,  2  grammes  of  tin  in  aqua  regia,  composed  of  3  parts  of  nitrie 
acid,  and  1  part  of  muriatic,  so  that  the  solution  can  contain  no  protoxyde;  bftly,7 
grammes  of  fine  gold  in  a  mixture  of  1  part  of  nitric  acid,  and  6  of  murialic,  observiag 
to  make  the  solution  neutral.  This  solution  of  gold  beins  diluted  with  3|  litres  of  water 
(about  three  quarts),  the  solution  of  the  perchloride  of  tin  is  to  be  added  at  once,  asd 
•Aerwards  that  of  the  protochloride,  drop  by  drop,  till  the  precipitate  thereby  ibnaed 
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acquires  the  wished-for  tone ;  aAer  which  it  should  be  edulcorated  by  washing,  as  quickly 
as  possible. 

Frick  gives  the  following  preteription : — Let  tin  be  set  to  dissolve  in  very  dilate 
aqua  regia  without  heat,  till  the  fluid  becomes  faintly  opalescent,  when  the  metal  must  be 
taken  out,  and  weighed.  The  liquor  is  to  be  diluted  largely  with  water,  and  a  definite 
weight  of  a  dilute  solution  of  gold,  and  dilute  sulphuric  acid,  is  to  be  simultaneously 
stirred  into  the  nitro-muriate  of  tin.  The  quantity  of  solution  of  goM  to  be  poured  into 
the  tin  liquor  must  be  such,  that  the  gold  in  the  one  is  to  the  tin  in  the  other  in  the  ratio 
of  36  to  10. 

Gold-purple  becomes  brighter  when  it  is  dry,  but  appears  still  as  a  dirty-brown  powder. 
Muriatic  acid  takes  the  tin  out  of  the  fresh-mieule  precipitate,  and  leaves  the  gold  either 
in  the  state  of  metal  or  of  a  blue  powder.  At  a  temperature  between  212*  and  300*  Fahr., 
mercury  dissolves  out  all  the  gold  from  the  ordinary  purple  of  Cassius. 

Relative  to  the  constitution  of  gold-purple,  two  views  are  entertained:  according  to  the 
first,  the  gold  is  associated  in  the  metallic  state  along  with  the  oxyde  of  tin;  according 
to  the  second,  the  gold  exists  as  a  purple  oxyde  along  with  the  sesquioxyde  or  peroxyde 
^  tin.  lis  composition  is  differently  reported  by  different  chemists.  The  constitnents, 
according  to — 

Ck>]d.  Tin  oxjd* 

Oberkampf,  in  the  purple  precipitate,  arc   -       -        -  39*82  60*18 

violet        ditto        ....  20*58  79*12 

Berzelius 30*725  69*275 

Buisson 30*19  69-81 

GayLussac 30*89  69*11 

Fuchs 17*87  82*13 

^  If  to  a  mixture  of  protochloride  of  tin,  and  perchloride  of  iron,  a  properly  diluted  solu- 
tion of  gold  be  added,  a  very  beautiful  purple  precipitate  of  Cassius  wiU  immediately  fall, 
while  the  iron  will  be  left  in  the  liquid  in  the  state  of  a  protochloride.  The  purple  thus 
prepared  keeps  in  the  air  for  a  long  time  without  alteration.  Mercury  does  not  take 
from  it  the  smallest  trace  of  gold. — Fucks'  Journal  fur  Chemie,  t.  xv. 

PURPLE  OF  MOLLUSCA  is  a  viscid  liquor,  secreted  by  certain  shell-flsh,  the 
Buecinum  lapillus,  and  others,  which  dyes  wool,  &c.  of  a  purple  color,  and  is  supposed 
to  be  the  substance  of  the  Tyrian  dye,  so  highly  prized  in  ancient  Rome  for  producing 
the  imperial  purple.    See  Dyeing. 

PURPURIC  ACID  is  an  acid  obtained  by  treating  uric  or  lithic  acid  with  dilute 
nitric  acid.  It  has  a  fine  purple  color ;  but  has  hitherto  been  applied  to  no  use  in  the 
arts. 

PURPURINE  is  the  name  of  a  coloring  principle,  supposed  by  Robiquet  and  Colin  to 
exist  in  madder.    Its  identity  is  questionable. 

PUTREFACTION,  and  its  Prevtntiw,  The  decomposition  of  animal  bodies,  or  of 
sach  plants  as  contain  azote  in  their  composition,  which  takes  place  spontaneously  when 
they  are  exposed  to  the  air,  under  the  influence  of  moisture  and  warmth,  is  called  putre- 
iaction.  During  this  process,  there  is  a  complete  transposition  of  the  proximate  prin- 
ciples, the  elementary  substances  combining  in  new  and  principally  gaseous  compounds. 
Oxygen  is  absorbed  from  the  atmosphere,  and  converted  into  carbonic  acid ;  one  portion 
of  the  hydrogen  forms  water  with  the  oxygen ;  another  portion  forms,  with  the  azote, 
the  carbon,  the  phosphorus,  and  the  sulphur  respectively,  ammonia,  carbureted, 
phosphuretcd,  and  sulphureted  hydrogen  gases,  which  occasion  the  nauseous  smell 
evolved  by  putrefying  bodies.  There  remains  a  friable  earthy-looking  residuum,  con- 
alatlng  of  rotten  mould  and  charcoal.  Vegetables  which  contain  no  azote,  like  the 
limeous  part  of  plants,  suffer  their  corresponding  decomposition  much  more  slowly,  and 
with  different  modifications,  but  they  are  finally  converted  into  vegetable  mould.  In 
this  process,  the  juices  with  which  the  plants  are  filled  first  enter  into  the  acetous  fer- 
mentation under  the  action  of  heat  and  moisture ;  the  acid  thereby  generated  destroys  the 
cohesion  of  the  fibrous  matter,  and  thus  reduces  the  solids  to  a  pulpy  statC'^  In  the  pro- 
gress of  the  decomposition,  a  substance  is  lastly  produced  which  resembles  oxydized  ex- 
tractive, is  soluble  in  alkalis,  and  is  sometimes  called  mould.  This  decomposition  of  the 
plants  which  contain  no  azote,  goes  on  without  any  offensive  smell,  as  none  of  the  above- 
named  nauseous  teases  are  disengaged.  When  vegetable  matters  are  mixed  with  animaL 
ni  in  the  dung  of  cattle,  this  decomposition  proceeds  more  rapidly,  because  the  animalized 
portion  serves  as  a  ferment  to  the  vegetable.  Vegetable  acids,  resins,  fats,  and  volatilized 
oQs,  are  not  of  themselves  subject  to  putrefaction. 

The  object  of  the  present  article  is  to  detail  the  principles  and  processes,  according  to 
which,  for  various  purposes  in  the  arts,  the  destruction  of  bodies  by  putrefaction  may  be 
prevented,  and  their  preservation  in  a  sound  state  secured  for  a  longer  or  a  shorter 
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I.   CONDITIONS  OF  THE  PREVENTION  OF  PUTRXPACTrOir. 

The  circumstances  by  which  putrefaction  is  counteracted,  are,  1.  the  chemical 
of  the  azotized  juices ;  2.  the  abstraction  of  the  water ;  3.  the  lowering  of  the  teaipai> 
ture;  and  4.  the  exclusion  of  oxygen. 

1.  The  chemical  change  of  the  azotized  juice*. — The  substance  which  in  dead  aaiMl 
matter  is  first  attacked  with  putridity,  and  which  serves  to  communicate  it  to  the  solil 
fibrous  parts,  is  albumen,  as  it  exists  combined  with  more  or  less  water  in  mil  the  aaiad 
fluids  and  sod  parts.  In  those  vegetables  also  which  putref^',  it  is  the  albumen  wkid 
first  suffers  decomposition ;  and  hence  those  plants  which  contain  most  of  that^proximie 
principle,  are  most  apt  to  become  putrid,  and  most  resemble,  in  this  respect,  aoima]  nk* 
stances ;  of  which  fact,  mushrooms,  cabbages,  coleworts,  &.C.,  afford  DlustratioDs.  Tht 
albumen,  when  dissolved  in  water,  ver}*  readily  putrefies  in  a  moderately  varm  air;  bil 
when  coagulated,  it  seems  as  little  liable  to  putridity  as  fibrin  itself.  By  this  change^  it 
throws  off  the  superfluous  water,  becomes  solid,  and  may  then  be  easily  dried.  Heace, 
those  means  which  by  coagulation  make  the  albumen  insoluble,  or  form  with  it  a  atv 
compound,  which  does  not  dissolve  in  water,  but  which  resists  putrefaction,  are  powcdil 
antiseptics.  Whenever  the  albumen  is  coagulated,  the  uncombined  water  may  be  cMilf 
evaporated  away,  and  the  residuary  solid  matter  may  be  readily  dried  in  the  air,  to  as  l» 
be  rendered  unsusceptible  of  decomposition. 

In  this  way  acids  operate,  which  combine  with  the  albumen,  and  fix  it  in  a  coagulatii 
state,  without  separating  it  from  its  solution :  such  is  the  eflfect  of  vinegmr,  citric  acs^ 
tartaric  acid,  &c. 

Tannin  combines  with  the  albuminous  and  gelatinous  parts  of  animals,  and  fbnns  insol* 
,uble  compounds,  which  resist  putrefaction  ;  on  which  fact  the  art  of  tannine  is  firaodcd. 

Alcohol,  oil  of  turpentine,  and  some  other  volatile  oils,  likewise  coa|nilate  alhoDCi, 
and  thereby  protect  it  from  putrescence.  The  most  remarkable  operation  of  this  kiadii 
exhibited  by  wood  vinegar,  in  consequence  of  the  creosote  contained  in  it,  accordiag  Is 
the  discovery  of  Reichenbach.  This  peculiar  volatile  oil  has  so  decided  m  power  of  coi|> 
ulating  albumen,  that  even  the  minute  portion  of  it  present  in  pyroligneous  Tinegar  if  n^ 
ficient  to  preserA'e  animal  parts  from  putrefaction,  when  they  are  simply  soaked  in  iL 
Thus,  also,  flesh  is  cured  by  wood  smoke.  Wood  tar  likewise  protects  animal  mattfr 
from  change,  by  the  creosote  it  contains.  The  ordinary  pyroligneous  acid  sometimes 
tains  5  per  cent,  of  creosote. 

In  circumstances  where  a  stronger  impregnation  with  this  antiseptic  oil  may  be 
sar>',  common  wood  vinegar  may  be  heated  to  167°  F.,  and  saturated  with  efflorpsctd 
Glauber's  salts,  by  which  expedient  the  oil  is  separated  and  made  to  float  upon  thesoiftcc 
of  the  warm  liquid  ;  whence  it  should  be  immediately  skimmed  ofl*;  becaase,  by  coolisf 
and  cr}'stallizing,  the  solution  would  so  diminish  in  density  as  to  allow  the  oil  to  sink  Is 
the  bottom ;  for  its  specific  cravity  is  considerably  greater  than  that  of  water.  This  oil, 
which  contains,  besides  creosote,  some  other  volatile  constituents,  may  be  kept  dinohed 
ready  for  use  in  strong  vinegar  or  alcohol.  Water  takes  up  of  pure  creosote  only  1{  per 
cent. ;  but  alcohol  dissolves  it  in  ever)'  proportion. 

The  earthy  and  metallic  salts  aflbrd  likewise  powerful  means  for  separating  alhUDei 
flrom  its  watery  solution,  their  bases  having  the  property  of  forming  insoluble  componadi 
with  it.  The  more  completely  they  produce  this  separation,  the  more  eflectnally  do  they 
counteract  putrefaction.  1  he  alkaline  salts  also,  as  common  salt,  sal  ammoniac,  salipeCiP, 
and  tartar,  operate  against  putrescence,  though  in  a  smaller  degree,  because  they  do  boC 
precipitate  the  albumen  ;  but,  by  abstracting  a  part  of  its  water,  they  render  it  less  liahk 
to  become  putrid.  Among  the  earthy  salts,  olum  is  the  most  energetic,  as  it  forms  a  m^ 
salt  which  combines  with  albumen ;  it  is  three  times  more  antiseptic  than  common  salt, 
and  from  seven  to  eight  times  more  so  than  saltpetre.  Muriate  of  soda,  howeirer,  may  be 
employed  along  with  alum,  as  is  done  in  the  tawing  of  sheepskins. 

The  metallic  salts  operate  still  more  effectually  as  antiseptics,  because  they  form  with 
albumen  still  more  intimate  combinations.  Under  this  head  we  class  the  isreen  and  red 
sulphates  of  iron,  the  chloride  of  zinc,  the  acetate  of  lead,  and  corrosive  sublimate ;  the 
Utter,  however,  from  its  poisonous  qualities,  can  be  employed  only  on  special  occasioDS. 
Nitrate  of  silver,  though  equally  noxious  to  life,  is  so  antiseptic,  that  a  solution  containiaf 
only     '     of  the  salt  is  capable  of  preserving  animal  matters  from  corruption. 

2.  ..Sbrtraction  of  water. — Even  in  those  cases  where  no  separation  of  the  alhoiiiet 
takes  place  in  a  coagulated  fonn,  or  as  a  solid  precipitate,  by  the  operation  of  a  substaBce 
foreign  to  the  animal  juices,  putrefaction  cannot  go  on,  any  more  than  other  kinds  of 
fermentation,  in  bodies  wholly  or  in  a  great  measure  deprived  of  their  water.  For  the 
albumen  itself  runs  so  much  more  slowly  into  putrefaction,  the  less  water  it  is  dissolved 
IB;  and  in  the  desiccated  state,  it  is  as  little  susceptible  of  alteration  as  any  other  dry 
vegetable  or  animal  matter.  Hence,  the  proper  drying  of  an  animol  substance  becomes 
n  vniversal  preventive  of  putrescence.    In  this  way  fruits,  herbs,  cabbages,  fish^  flesh, 
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may  be  preserved  from  corruption.  If  the  air  be  not  cold  and  dry  enoucb  to  cause  the 
cnraporation  of  the  fluids  before  putrescence  may  come  on,  the  organic  substance  must  be 
±ried  by  artificial  mean^  as  by  being  exposed  in  thin  slices  in  properly  constructed  air- 
■tOYes.  At  temperatures  under  140°  F.,  the  albumen  dries  up  without  coagulation,  and 
may  then  be  re-dissolved  in  cold  water,  with  its  valuable  properties  unaltered.  By 
such  artificial  desiccation,  if  flesh  is  to  be  preserved  for  cooking  or  boiling,  it  must  not 
be  exposed,  however,  to  so  high  a  degree  of  heat,  which  would  harden  it  permanently, 
like  the  baked  mummies  of  Egypt.  Mere  desiccation,  indeed,  can  hardly  ever  be  employ- 
ed upon  flesh.  Culinary  salt  it  generally  had  recourse  to,  either  alone  or  with  the  addi- 
tion of  saltpetre  or  sugar. 

These  alkaline  salts  abstract  water  in  their  solution,  and,  consequently,  concentrate 
tbe  aqueous  solution  of  the  albumen ;  whence,  by  converting  the  simple  watery  fluid 
into  salt  water,  which  is  in  general  less  favorable  to  the  fermentation  of  animal  matter 
than  pure  water,  and  by  expelling  the  air,  they  counteract  putridity.  On  this  account, 
nlted  meat  may  be  dried  in  the  air  much  more  speedily  and  safely  than  fresh  meat.  The 
drying  is  promoted  by  heating  the  meat  merely  to  such  a  degree  as  to  consolidate  the  al- 
Viunen,  and  eliminate  the  superfluous  water. 

Alcohol  openttes  similarly,  in  abstracting  the  water  essential  to  the  putrefaction  of 
animal  substances,  taking  it  not  only  from  the  liquid  albumen,  but  counteracting  its  de- 
composition, when  mixed  among  the  animal  solids.  Susar  acts  in  the  sam  e  way,  fixing 
in  an  unchangeable  sirup  the  water  which  would  otherwise  be  accessory  to  the  fermenta- 
tion of  the  organic  bodies.  The  preserves  of  fruits  and  vegetable  juices  are  made  upon 
this  principle.  When  animal  substances  are  rubbed  with  charcoal  powder  or  sand,  per- 
fectly dry,  and  are  afterwards  freely  exposed  to  the  air,  they  become  deprived  of  their 
moisture,  and  will  keep  for  any  length  of  time. 

3.  Defect  of  warmth, — As  a  certain  degree  of  heat  is  requisite  for  the  vinous  fermenta- 
iion,  so  is  it  for  the  putrefactive.  In  a  damp  atmosphere,  or  in  one  saturated  wilh  mois- 
ture, if  the  temperature  stand  at  from  70*^  to  80°  F.,  the  putrefaction  goes  on  most  rapidly ; 
bat  it  proceeds  languidly  at  a  few  degrees  above  freezing,  and  is  supended  altogether  at 
that  point.  Tbe  elephants  preserved  in  the  polar  ices  are  proofs  of  the  antiseptic  influ- 
ence of  low  temperature.  In  temperate  climates,  ice-houses  serve  the  purpose  of  keeping 
meat  fresh  and  sweet  for  any  length  of  time. 

4.  jSbsiraction  of  oxygen  gas, — As  the  putrefactive  decomposition  of  a  body  first 
eommences  with  the  absorption  of  oxygen  from  the .  atmosphere,  so  it  may  be 
retarded  by  the  exclusion  of  this  gas.  It  is  not,  however,  enough  to  remove  the  aerial 
axygen  from  the  surface  of  the  body,  but  we  must  expel  all  the  oxygen  that  may  be 
diffused  among  the  vessels  and  other  solids,  as  this  portion  suffices  in  general  to 
ocite  putrefaction,  if  other  circumstances  be  favorable.  The  expulsion  is  moat 
nadily  accomplished  by  a  moderate  degree  of  heat,  which,  by  expanding  the  air,  evolves 
it  in  a  great  measure,  and  at  the  same  time  favors  the  fixation  of  the  oxygen  in  the 
extractive  matter,  so  as  to  make  it  no  longer  available  towards  the  putrefaction  of  the 
other  substances.  Milk,  soup,  solution  of  gelatine,  dec,  may  be  kept  long  in  a  fresh 
Mate,  if  they  be  subjected  in  an  air-tight  vessel  every  other  day  to  a  boiling  heat.  Oxy- 
genation may  be  prevented  in  several  ways :  by  burning  sulphur  or  phosphorus  in  the 
air  of  the  meat  receiver ;  by  filling  this  with  compressed  carbonic  acid ;  or  with  oils, 
fiitSs  sirups,  &.C.,  and  then  sealing  it  hermetically.  Charcoal  powder  recently  calcined 
ie  efficacious  in  preserving  meat,  as  it  not  only  excludes  air  from  the  bodies  surrounded 
hgr  it,  but  intercepts  the  oxygen  by  condensing  it.  When  butcher-meat  is  enclosed  in  a 
temel  filled  with  sulphurous  acid,  it  absorbs  the  gas,  anri  remains  for  a  considerable  time 
fNTOof  against  corruption.  The  same  result  is  obtained  if  the  vessel  be  filled  with  amroo- 
niaca]  gas.  At  the  end  of  76  days  such  meat  has  still  a  fresh  look,  and  may  be  safely 
dried  in  the  atmosphere. 

II.  PECULIAR  AKTISEPTIC  PROCESSES. 

Upon  the  preceding  principles  and  experiments  depend  the  several  processes  employed 
for  protecting  substances  from  putrescence  and  corruption.  Here  we  must  distinguish 
between  those  bodies  which  may  be  preserved  by  any  media  suitable  to  the  purpose,  as 
anatomical  preparations  or  objects  of  natural  history,  and  those  bodies  wliich,  being  in- 
tended for  food,  can  be  cured  only  by  wholesome  and  agreeable  means. 

A  common  method  for  preserving  animal  substances  unchanged  in  property  and 
texture,  is  to  immerse  them  in  a  spirituous  liquor  containing  about  65  or  70  per  cent. 
of  real  alcohol.  Camphor  may  also  be  dissolved  in  it,  and  as  much  common  salt  as  its 
water  will  take  up.  A  double  fold  of  ox-bladdcr  should  be  bound  over  the  mouth  of 
the  Tessel,  in  order  to  impede  the  evaporation  of  the  watery  portion  of  the  liquid,  and  its 
Viqier  surface  should  be  coated  with  a  turpentine  varnish.  Undoubtedly  a  little  creo- 
•ole  wonld  be  of  use  to  counteract  the  decomposing  influence  of  the  alcohol  upon  the 
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•nimal  sufastances.    With  such  aa  addition,  a  weaker  sfnrit,  containing  no  more  tlmS 
per  cent,  of  alcohol,  would  answer  the  purpose. 

Instead  of  alcohol,  a  much  cheaper  vehicle  is  water  saturated  with  aolpbnnwt  adii 
and  if  a  few  drops  of  creosote  he  added,  the  mixture  will  become  Terj  efficacioa.  A 
•olution  of  red  sulphate  of  iron  is  powerfully  antiseptic;  but  after  aome  time  it  giiat 
deposite  of  the  oxyde,  which  dts^ises  the  preparation  in  a  great  degree. 

According  to  Tauffier,  animal  substances  may  be  preserved  more  pennaneatlj  Ifi 
solution  of  one  part  of  chloride  of  tin  in  20  parts  of  water,  sharpened  with  a  little  mori^ 
acid,  than  even  by  alcohol. 

For  preserving  animal  bodies  in  an  embalmed  form,  mommy-Uke,  a  tolntioa  d 
chloride  of  mercury  and  wood  vinpgar  is  most  efficacious.  As  there  is  danfcr  ii 
manipulating  with  that  mercurial  salt,  and  as  in  the  present  state  of  cmr  knowled|etf 
creosote  we  have  it  in  our  power  to  make  a  suitably  strong  solution  of  this  sabslaaeeii 
vinegar  or  spirit  of  wine,  I  am  led  to  suppose  that  it  will  become  the  basis  of  moit  ii> 
tiseptic  preparations  for  the  future.  From  the  statements  jDf  Pliny,  it  is  plain  that  wod 
vinegar  was  the  essential  means  employed  by  the  ancient  Egyptians  in  preparing  Ikrir 
mummies,  and  that  the  odoriferous  resins  were  of  inferior  consequence. 

CURING  OF  PROVISIONS. 

FUsfi, — ^The  ordinary  means  employed  for  preserving  butcher  meat  are,  drying,  smoU^ 
salting,  and  pickling  or  souring. 

Drying  of  aninuU  fibre. — The  best  mode  of  operating  is  as  follows  : — ^The  flesh  OBl 
be  cut  into  slices  from  2  to  6  ounces  in  weight,  immersed  in  boiling  crater  for  5  or  f 
minutes,  and  then  laid  on  open  trellis-work  in  a  dr}'in?-stove,  at  a  temperature  kept 
steadily  about  122°  F.,  with  a  constant  stream  of  warm  dry  air.  That  the  boiling  vHer 
may  not  dissipate  the  soluble  animal  matters,  very  little  of  it  should  be  nsed,  just  eBoa|h 
for  the  meat  to  be  immersed  by  portions  in  succession,  whereby  it  will  speedily  beeooe 
a  rich  soup,  fresh  water  being  added  only  as  evaporation  takes  place.  It  is  advantaf^ 
ous  to  add  a  little  salt,  and  some  spices,  especially  coriander  seeds,  to  the  water.  AAff 
the  parboiling  of  the  Aesh  has  been  completed,  the  soup  should  be  evaporated  to  a  fi^ 
tinous  consistence,  in  order  to  fit  it  for  forming  a  varnish  to  the  meat  alter  it  is  iki, 
which  may  be  completely  effected  within  two  days  in  the  oven.  By  this  proce«  t«i 
thirds  of  the  weight  is  lost.  The  perfectly  dry  flesh  must  be  plunged  pieee  by  piece  ii 
the  fatty  gelatinous  matter  liquefied  by  a  gentle  heat ;  then  placed  once  more  in  tke 
stove,  to  dry  the  layer  of  varnish.  This  operation  may  be  repeated  two  or  three  tiBK% 
in  order  to  render  the  coat  sufficiently  uniform  and  thick.  Butcher's  meat  dried  in  tkii 
way  keeps  for  a  year,  affords,  when  cooked,  a  dish  similar  to  that  of  fresh  meat,  aid  ii 
therefore  much  preferable  to  salted  provisions.  The  drying  may  be  facilitated,  so  thit 
larger  lumps  of  flesh  may  be  used,  if  they  be  imbued  with  some  common  salt  immediatdj 
after  the  parboiling  process,  by  stratifying  them  with  salt,  and  leaving  them  in  a  proper 
picklin!;-tub  for  12  hours  before  they  are  transferred  to  the  stove.  The  first  method, 
however,  afibrds  the  more  agreeable  article. 

Smoking. — This  process  consists  in  exposing  meat  previously  salted,  or  ncrdy 
rubbed  over  with  salt,  to  wood  smoke,  in  an  apartment  so  distant  from  the  fire  as  not  tD 
be  unduly  heated  by  it,  and  into  which  the  smoke  is  admitted  by  flues  at  the  bottda  cf 
the  side  walls.  Here  the  meat  combines  with  the  empyreumatic  acid  of  the  smoke,  and 
gets  dried  at  the  same  time.  The  quality  of  the  wood  has  an  influence  upon  the  sniell 
and  taste  of  the  smoke-dried  meat ;  smoke  from  beech  wood  and  oak  being  preferable  to 
that  from  flr  and  larch.  Smoke  from  the  twigs  and  berries  of  juniper,  from  lusemaiy, 
peppermint,  &c.,  impaits  somewhat  of  the  aromatic  flavor  of  these  plants.  A  ibv 
smokin?  with  a  slender  fire  is  preferable  to  a  rapid  and  powerful  one,  as  it  allows  the 
empyreumatic  principles  time  to  penetrate  into  the  interior  substance,  without  dryisg 
the  outside  too  much.  To  prevent  soot  from  attaching  itself  to  the  provisions,  they  may 
be  wrapped  in  cloth,  or  rubbed  over  with  bran,  which  may  be  easily  removed  at  the  end 
of  the  operation. 

The  process  of  smoking  depends  upon  the  action  of  the  wood  acid,  or  the  creosote 
volatilized  with  it,  which  operates  upon  the  flesh.  The  same  change  may  be  prodneed 
in  a  much  shorter  time  by  immersing  the  meat  for  a  few  hours  in  pyroligneons  acid,  thes 
hangin<?  it  up  in  a  dry  air,  which,  though  moderately  warm,  makes  it  fit  for  keepia^ 
without  any  taint  of  putrescence.  AAer  a  few  days  exposure,  it  loses  the  empyreumatie 
smell,  and  then  resembles  thoroughly  smoked  provisions.  The  meat  dried  in  this  way 
is  in  general  somewhat  harder  than  by  the  application  of  smoke,  and  therefore  sofleoi 
less  when  cooked,  a  difierence  to  be  ascribed  to  the  more  sudden  and  concentrated  openh 
tion  of  the  wood  vinegar,  which  effects  in  a  few  hours  what  would  require  sinoking  Ibr 
several  weeks.  By  the  judicious  employment  of  pyroligneous  acid  diluted  to  successivt 
degrees,  we  might  probably  succeed  in  imitating  perfectly  the  effect  of  smoke  in  earag 
provisions. 
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Salting, — ^The  meat  should  be  rubbed  well  with  common  Rait,  containing  about  one 
izteenth  of  saltpetre,  and  one  thirty-secondth  of  sugar,  till  every  crevice  has  been  im- 
mgnated  with  it ;  then  sprinkled  over  with  salt,  laid  down  for  24  or  48  hours,  and, 
Mtly,  subjected  to  pressure.  It  must  next  be  sprinkled  anew  with  salt,  packed  into 
proper  vessels,  and  covered  with  the  brine  obtained  in  the  act  of  pressing,  rendered 
rtionger  by  boiling  down.  For  household  purposes  it  is  sufficient  to  rub  the  meat  well 
with  good  salt,  to  put  it  into  vessels,  and  load  it  with  heavy  weights,  in  order  to  squeeze 
(MM  as  much  pickle  as  will  cover  its  surface.  If  this  cannot  be  had,  a  pickle  must  be 
poared  on  it,  composed  of  4  pounds  of  salt,  1  pound  of  sugar,  and  2  oz.  of  saltpetre,  dis- 
•olved  in  2  gallons  of  water. 

.  Pickling  with  vinegar, — Vinegar  dissolves  or  coagulates  the  albumen  of  flesh,  and  there- 
of counteracts  its  putrescence.  The  meat  should  be  washed,  dried,  and  then  laid  in  strong 
liaegar.  Or  it  may  be  boiled  in  the  vinegar,  allowed  to  cool  in  it,  and  then  set  aside  with 
il  in  a  cold  cellar,  where  it  will  keep  sound  for  several  months. 

Fresh  meat  may  be  kept  for  some  months  in  water  deprived  of  its  air.  If  we  strew  on 
the  bottom  of  a  vessel  a  mixture  of  iron  filings  and  flowers  of  sulphur,  and  pour  over  them 
tome  water  which  has  been  boiled,  so  as  to  expel  its  air,  meat  immersed  in  it  will  keep 
n  long  time,  if  the  water  be  covered  with  a  layer  of  oil,  from  half  an  inch  to  an  inch 
thick.  Meat  will  also  keep  fresh  for  a  considerable  period  when  surrounded  with  oil, 
m  fat  of  any  kind,  so  purified  as  not  to  turn  rancid  of  itself,  especially  if  the  meat  be 
■jreriously  boiled.  This  process  is  called  potting,  and  is  applied  successfully  to  fish^ 
fcvls,  &c. 

Prechtl  says  that  living  fish  may  be  preserved  14  days  without  water,  by  stopping  their 
Months  with  crumbs  of  bread  steeped  in  brandy,  pouring  a  little  brandy  into  them,  and 
yodunz  them  in  this  torpid  state  in  straw.  When  put  into  fresh  water,  they  come  alive 
•gain  after  a  few  hours  !     Prechtl,  Encyclop,  Technologischet,  art,  Faulnits  Mhahwng, 

£gg8, — ^These  ought  to  be  taken  new  laid.    The  essential  point  towards  their  pre- 
oervation  is  the  exclusion  of  the  atmospheric  oxygen,  as  their  shells  are  porous,  and  per- 
Bit  the  external  air  to  pass  inwards,  and  to  excite  putrefaction  in  the  albumen.    There 
io  also  some  oxygen  always  in  the  air-cell  of  the  eggs,  which  ought  to  be  expelled  or  ren- 
dered inoperative,  which  may  be  done  by  plunging  them  for  5  minutes  in  water  heated  to 
140^  F.    The  eggs  must  be  then  taken  out,  wiped  dry,  besmeared  with  some  oil  (not  apt 
to  turn  rancid)  or  other  unctuous  matter,  packed  into  a  vessel  with  their  narrow  ends  up- 
permost, and  covered  with  sawdust,  fine  sand,  or  powdered  charcoal.    Eggs  coated  with 
gem  arable,  and  packed  in  charcoal,  will  keep  fresh  for  a  year.    Lime  water,  or  rather 
milk  of  lime,  is  an  excellent  vehicle  for  keeping  eggs  in,  as  I  have  verified  by  long  expe- 
rience.   Some  persons  coagulate  the  albumen  partially,  and  also  expel  the  air  by  boiling 
tbe  eggs  for  2  minutes,  and  find  the  method  successful.    When  eggs  are  intended  for 
fetching,  they  should  be  kept  in  a  cool  cellar ;  for  example,  in  a  chamber  adjoining  an 
iee^Jiouse.    Eggs  Exposed,  in  the  holes  of  perforated  shelves,  to  a  constant  current  of  air, 
lose  about  |  of  a  grain  of  their  weight  daily,  and  become  concentrated  in  their  albuminous 
pert,  so  as  to  be  little  liable  to  putrefy.    For  long  sea  voyages,  the  surest  means  of  pre- 
eenring  eggs,  is  to  dry  up  the  albumen  and  yolk,  by  first  triturating  them  into  a  homoge- 
■eoQS  paste,  then  evaporating  this  in  an  air-stove  or  a  water-baUi  heated  to  125°,  and 

Ctiing  up  the  dried  mass  in  vessels  which  may  be  made  air-tight.    When  used,  it  should 
dissolved  in  three  parts  of  cold  or  tepid  water. 
■  Grain  of  aH  kinds,  as  wheat,  barley,  rye,  dec,  and  their  flour,  may  be  preserved  for  an 
ledefinile  length  of  time,  if  they  be  kiln-dried,  put  up  in  vessels  or  chambers  free  from 
damp,  and  excluded  from  the  air.    Well  dried  grain  is  not  liable  to  the  depredations  of 
ieeccts. 

To  preserve  fruits  in  a  fresh  state,  various  plans  are  adopted.  Pears,  apples,  plums, 
te.  should  be  gathered  in  a  sound  state,  altogether  exempt  from  bruises,  and  plucked,  in 
dry  weather,  before  they  are  fully  ripe.  One  mode  of  preservation  is,  to  expose  them  in 
en  airy  place  to  dry  a  little  for  eight  or  ten  days,  and  then  to  lay  them  in  dry  sawdust 
or  chopped  straw,  spread  upon  shelves  in  a  cool  apartment,  so  as  not  to  touch  each  other. 
Another  method  consists  in  surrounding  them  with  fine  dry  sand  in  a  vessel  vhich  should 
be  made  air-tight,  and  kept  in  a  cool  place.  Some  persons  coat  the  fruit,  including  their 
•talks,  with  melted  wax ;  others  lay  the  apples,  &.C.,  upon  wicker-work  shelves  in  a  vault- 
ed chamber,  and  smoke  them  daily  during  4  or  5  days  with  vine  branches  or  juniper  wood« 
Apples  thus  treated,  and  afterwanls  stratified  in  dry  sawdust,  without  touching  each  other, 
win  keep  fresh  for  a  whole  year. 

The  drying  of  garden  fruits  in  the  air,  or  by  a  kiln,  is  a  well-known  method  of  preser- 
vetion.  Apples  and  pears  of  large  size  should  be  cut  into  thin  slices.  From  5  to  6  meas- 
VCf  of  fresh  apples,  and  from  6  to  7  of  pears,  afford  in  general  one  measure  of  dry  fruity 
{biffins).    Dried  plums,  grapes,  and  currants  are  a  common  article  of  commerce. 

Herl^  cabbages,  &c.,  may  be  kept  a  long  time  in  a  cool  cellar,  provided  they  are 
cofTered  with  dry  tend.    Such  vegetables  are  in  general  preserved  for  the  purposes  oC 
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food,  by  means  of  drying,  salting,  picklini^  with  vinegar,  or  beating  up  witb  snnr.  Ok- 
basrcs  should  be  scalded  in  hot  water  preWously  to  drying ;  and  all  such  pUmtf,  vki 
driied,  should  be  compactly  pressed  together,  and  kept  in  air-tight  Teasels.  Tvbcroa«l 
other  rootR  are  better  kept  in  on  airy  place,  where  they  may  dry  a  little  witlioat  beiif  o> 
posed  to  the  winter's  frost. 

A  partial  drying  is  given  to  various  vegetable  juices  by  evaporating  them  to  thec» 
sistence  of  a  sirup,  called  a  rob,  in  which  so  much  of  the  water  is  dissipated  as  to  pmol 
them  from  running  into  fermentation.  The  fruits  must  be  crushed,  sqneesed  ia  bafsli 
expel  the  juices,  which  must  then  be  inspissated  either  over  the  naked  fire,  or  on  a 
or  steam  balh,  in  the  air  or  in  vacuo.  Sometimes  a  small  proportion  of  spices  is 
which  tends  to  prevent  mouldiness.  Such  extracts  may  be  conveniently  mixed  with 
into  what  are  called  consen-es. 

Sailing  is  employed  for  certain  fruits,  as  small  encumbers  or  gherkins,  capers,  cfifo. 
&,c.  Kven  for  peas  such  a  method  is  had  rrcour«e  to,  for  preserving  them  a  ceitHi 
time.  They  must  be  scalded  in  hot  ^'ater,  put  up  in  bottles,  and  covered  with  sataralei 
brine,  having  a  film  of  oil  on  its  surface,  to  exclude  the  agency  of  the  atmospheric  ail. 
Before  being  used,  they  must  be  soaked  for  a  short  time  in  warm  water,  to  extract  tht 
salt.  I'he  most  important  article  of  diet  of  this  class,  is  the  sour  kraut  of  the  nortkn 
nations  of  Kuropc  (made  from  white  cabbage),  which  is  prepared  simply  by  saltiag;  i 
little  vinesar  being  formed  spontaneously  by  fermentation.  The  cabbage  most  be  at 
into  small  pieces,  stratified  in  a  cask  along  with  salt,  to  which  juniper  berries  and  cani 
seeds  are  nddcd,  and  packed  as  hard  as  possible  by  means  of  a  wooden  rammer.  Ik 
cabhasre  is  then  covered  with  a  lid,  on  which  a  heavy  weight  is  laid.  A  fermentilioa 
commences,  which  causes  the  cabbage  to  become  more  compact,  while  a  quantity  oTjiia 
exudes  nnd  tloats  on  the  surface,  and  a  sour  smell  is  perceived  towards  the  end  of  Ik 
fennrntation.  In  this  condition  the  cask  is  transported  into  a  cool  cellar,  where  it  ii 
allowed  to  stand  fur  a  year ;  and  indeed,  where,  if  well  made  and  packed,  it  may  be  kept 
for  several  years. 

The  excellent  process  for  preserving  all  kinds  of  butcher  meat,  fish,  and  ponltry,  fint 
contrived  by  M.  Appert  in  France,  and  afterwanfs  successAiIly  practised  upon  Ihegml 
commercial  scale  by  Messrs.  Donkin  and  Gamble,  for  keeping  beef,  salmon,  sonps^ftc 
perfectly  fresh  and  sweet  for  exportation  from  this  country,  as  also  turtle  for  importatifli 
thither  from  the  West  Indies,  deser>'es  a  brief  description. 

Let  the  substance  to  be  preserved  be  first  parboiled,  or  rather  somewhat  mart^  tk 
bones  of  the  meat  being  previously  removed.  Put  the  meat  into  a  tin  cylinder,  fiU  ip 
the  vessel  with  scnson(^  rich  soup,  and  then  solder  on  the  lid,  pierced  with  a  small  hoid 
When  this  has  been  done,  let  the  tin  vessel  thus  prepared  be  placed  in  brine  and  heatid 
to  the  bojlinsf  point,  to  complete  the  remainder  of  the  cooking  of  the  meat.  The  hole 
of  tlie  li<l  is  now  to  be  closed  perfectly  by  soldering,  while  the  air  is  rarefied.  The  vewd 
is  then  allowed  to  cool,  and  from  the  diminution  of  the  volume,  in  consequence  of  the 
reduction  <»f  temperature,  both  ends  of  the  cylinder  are  pressed  inwards,  and  become  coo- 
cave.  The  tin  cases,  thus  hermetically  sealed,  are  exposed  in  a  test-chamber,  for  stkait 
a  month,  to  a  temperature  above  what  they  arc  ever  likely  to  encounter;  from  90*  to  ll(f 
'  of  Fahrenheit.  If  the  process  has  failed,  putrefaction  takes  place,  and  gas  is  evolved, 
which,  in  process  of  time,  will  cause  both  ends  of  the  case  to  bulge,  so  as  to  render  them 
convex,  instead  of  concave.  But  the  contents  of  those  cases  which  stand  the  test  will 
infallibly  keep  perfectly  sweet  and  good  in  any  climate,  and  for  any  number  of  years.  If 
there  be  any  taint  about  the  meat  when  put  up,  it  inevitably  ferments,  and  is  deleted  ii 
the  piovinj;  process.     Mr.  Gamble's  turtle  is  delicious. 

This  preservative  process  is  founded  upon  the  fact,  that  the  small  quantity  of  ozygci 
contained  within  the  vessel  ?ets  into  a  state  of  combination,  in  consequence  of  the  hin^ 
temperature  to  which  the  animal  substances  are  exposed,  and  upon  the  chemical  principle» 
that  free  oxygen  is  necessary  as  a  ferment  to  commence  or  give  birth  to  the  process  of 
putrcfarlion. 

I  shall  conclude  this  article  with  some  obser\'ations  upon  the  means  of  preservinf 
water  fresh  on  sea  voyages.  When  long  kept  in  wooden  casks,  it  undereoes  a  kind  of 
putrefaetion.  contracts  a  disagreeable  sulphurous  smell,  and  becomes  undrinkable.  The 
influence  of  the  external  air  is  by  no  means  necessary'  to  this  change,  for  it  happens  u 
close  vessels  even  n^.ore  readily  than  when  freely  exposed  to  the  atmospherical  oxygei. 
The  origin  of  this  impurity  lies  in  the  animal  and  veeetable  juices  which  the  water 
oritrinally  contained  in  the  source  from  which  it  was  drawn,  or  from  the  cask,  or  inseeti^ 
&c.  These  matters  easily  occasion,  with  a  sufficient  warmth,  fermentation  in  the  stag- 
nant wnter,  and  thereby  cause  the  evolution  of  oflensive  pases.  It  wotdd  appear  that 
the  gypsum  of  hard  waters  is  decomposed,  and  gives  up  its  sulphur,  which  aggravates  the 
disagreeable  odor ;  for  selenitic  waters  are  more  apt  to  take  this  pntrid  taint,  than  those 
which  contain  merely  carbonate  of  lime. 

As  the  corrupted  water  has  become  unfit  for  use  merely  in  consequence  of  the 
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tore  of  these  foreign  matters,  for  water  in  itself  is  not  liable  to  corriiption,  so  it  may  be 
purified  again  by  their  separation.  This  purification  may  be  accomplished  roost  easily 
by  passing  the  water  through  charcoal  powder,  or  through  the  powder  of  rightly 
oilcined  bone-black.  The  carbon  takes  away  not  only  the  finely  difiused  corrupt 
particles,  but  also  the  gaseous  impurities.  By  adding  to  the  water  a  Tery  little  sulphuric 
add,  about  30  drops  to  4  pounds,  Lowitz  says  that  two  thirds  of  the  charcoal  may 
be  saved.  Undoubtedly  the  sulphuric  acid  acts  here,  as  in  other  similar  cases,  by 
the  coagulation  and  separation  of  the  albuminous  matters,  combining  with  them, 
«iid  rendering  them  more  apt  to  be  seized  by  the  charcoal.  A  more  effectual  agent 
lor  the  purification  of  foul  water  is  to  be  found  in  alum.  A  drachm  of  pounded  alum 
■bould  be  dissolved  with  agitation  in  a  gallon  of  the  water,  and  then  left  to  operate  quietly 
for  24  hours.  A  sediment  falls  to  the  bottom,  while  the  water  becomes  clear  above,  and 
B»y  be  poured  off.  The  alum  combines  here  with  the  substances  dissolved  in  the  water, 
as  it  does  with  the  stuffs  in  the  dyeing  copper.  In  order  to  decompose  any  alum  which 
may  remain  in  solution,  the  equivalent  quantity  of  crystals  of  carbonate  of  soda  may  be 
added  to  It 

The  red  sulphate  of  iron  acts  in  the  same  way  as  alum.  A  few  drops  of  its  solution 
are  sufficient  to  purge  a  pound  of  foul  water.  The  foreign  matters  dissolved  in  the  water, 
which  occasion  putrefaction,  become  insoluble,  in  consequence  of  oxydizement,  like  vege- 
table extractive,  and  are  precipitated.  On  this  account,  also,  foul  water  may  be  purified, 
by  driving  atmospheric  air  through  it  with  bellows,  or  by  agitating  it  in  contact  with 
firiesh  air,  so  that  all  its  particles  are  exposed  to  oxygen.  Thus  we  can  explain  the  in- 
fluence of  streams  and  winds,  in  counteracting  the  corruption  of  water  exposed  to  them. 
Chlorine  acts  still  more  energetically  than  the  air  in  purifying  water.  A  little  aqueous 
chlorine  added  to  foul  water,  or  the  transmission  of  a  little  gaseous  chlorine  through  it, 
cleanses  it  immediately. 

Water-casks  ought  to  be  charred  inside,  whereby  no  fermentable  stuff  will  be  extract- 
ed from  the  wood.  British  ships,  however,  are  now  commonly  provided  with  iron  tanki 
lor  holdins  their  water  in  long  voyages. 

PYRITES,  is  the  native  bisulphuret  of  iron.  Copper  pyrites,  called  vulgarly  mundicV» 
is  a  bisulphuret  of  copper. 

PYRO-ACETIC  SPIRIT.  (Esprit  pyro^cetique^  JicHont,  Fr. ;  Brentnlicher  Enig- 
ggut,  Mesit,  Germ.)  This  liquid  was  discovered  and  described  by  Chenevix  long  before 
ffprolignious  spirit  was  known.  It  may  be  obtained  by  subjecting  to  dry  distillation 
the  acetates  of  copper,  lead,  alkalis,  and  earths ;  and  as  it  is  formed  especiall/  during 
the  second  half  of  the  process,  the  liquor  which  comes  over  then  should  be  iet  apart, 
separated  by  decantation  from  the  empyreumatic  oil,  and  distilled  a  seco^  time  by 
the  heat  of  a  water-bath.  The  fine  light  fluid  which  now  comes  over  frst,  is  to  be 
fectified  along  with  carbonate  of  potassa,  or  chloride  of  calcium.  As  pyro-acetic  spirit 
ataally  retains,  even  after  repeated  distillations,  a  disagreeable  empyreuinatic  smell,  like 
garlic,  a  little  good  bone-black  should  be  employed  in  its  final  rectification.  According 
to  Reichenbach,  pyro-acetic  spirit  may  be  extracted  in  considernMe  qaantily  from  beech 
lar.  (See  the  next  article.)  The  spirit  thus  prepared  is  a  ^orless  limpid  liquid,  of 
an  acrid  and  burning  taste  at  first,  but  afterwards  cooling ;  of  a  penetrating  aromatic 
•mell,  different  from  that  of  alcohol ;  of  the  spec,  gravity  0-7921  at  60°  P.,  boiling  at 
132PF.,  and  remaining  fluid  at  5**.  It  consists  ultimately  of— carbon,  62-148;  hydro- 
gen,  10*453 ;  oxyeen,  27-329;  or,  of  1  proportion  of  carbonic  acid  +  2  prop,  of  olefiant 
gas  -f-  1  prop,  of  water ;  or,  1  prop,  of  acetic  acid  —  1  prop,  of  carbonic  acid.  Accord- 
insr  to  another  view,  it  is  composed  of,  51-52  parts  of  concentrated  acetic  acid,  and 
48-488  of  oil  of  wine,  being  double  of  the  quantity  in  acetic  ether.  It  is  very  combus- 
tible, and  bums  with  a  brilliant  flame,  without  smoke.  When  treated  by  chlorine,  it 
loses  an  atom  of  its  hydrogen,  and  absorbs  2  atoms  of  chlorine.  It  is  soluble  in  water, 
alcohol,  ether,  and  is  not  convertible  into  ether  by  strong  sulphuric  acid.  It  is  used 
for  dissolving  the  resins  commonly  called  gums,  with  which  the  bodies  of  hats  are 
stiffened. 

PYROLTGNEOUS  ACID.  In  addition  to  what  has  been  said  under  Acme  Aero, 
I  shall  here  describe  the  process  as  conducted  upon  a  great  scale  at  an  establishment  near 
Manchester.  The  retorts  are  of  cast  iron,  6  feet  long,  and  3  feet  8  inches  in  diameter. 
Two  of  these  cylinders  are  heated  by  one  fire,  the  flame  of  which  plays  round  their  sides 
and  upper  surface ;  but  the  bottom  is  shielded  by  fire4iles  finom  the  direct  action  of  the 
fire.  2  cwts.  of  coals  are  sufficient  to  complete  the  distillation  of  one  charge  of  wood ; 
16  imperial  gallons  of  crude  vinegar,  of  specific  gravity  1*025,  being  obtained  from  each 
fetort  The  process  occupies  24  hours.  The  retort-mouth  is  then  removed,  and  the 
ignited  charcoal  is  raked  ont  for  extinction  into  an  iron  chest,  having  a  groove  round  its 
edges,  into  which  a  lid  is  fitted. 

When  this  pyroUgneonsacid  is  saturated  with  quicklime^  and  distifled^it  yields  one  per 
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cent.  cT  pyroiHie  ipjrit  (fcmetlma  ctllcd  naptba)  i  irhicli  ii  rectified  br  Rm  ar  ttam 
■gcceuive  diililUlionB  with  quicklime. 

1'be  loiry  depoeile  or  ibe  crnde  pTKilifnecini  kcM,  being  inbjectcd  to  divtilbilka  k| 
iUeir,  ■Bbtdi  ■  cmile  pyro-icelic  elher,  wfaieh  mmj  aln  be  purified  bj  le-diBUllBlin  wiA 
qnickliioe,  and  sub*equeat  a^iltlion  with  water. 

Tfae  pjrroligDiEe  of  lime  is  mtide  by  boiling  the  pyroligoMnii  acid  la  *.  lufc  eopfcr, 
wbich  his  B  iloping  tpout  ■(  il>  lip,  by  which  ibe  lairj  Kom  a«dr  Bows  orer,  u  il  CnOt 
up  with  (he  heal,  liie  fluid  compound  (bus  purified  ia  lyphooed  off  into  BooUiet  copfK 
Mid  miitd  with  a  qnaality  of  ajum  equivalent  to  its  itrenglh,  is  order  to  fbnn  tbeni 
liquor,  or  acetate  or  iliiDiina,  of  the  calico-printer.  The  acetate  of  liise,  Knd  xilpkate  J' 
alamina  and  potash,  inutDBllj  deeompote  each  other ;  with  the  Ibnnatioa  oT  lalphatc  tf 
lilue,  which  falls  itnmedialely  to  the  bottom. 

M.  Keetner,  of  Thann,  ia  Alaace,  obtains,  in  hi*  manornelorr  of  pyroligneu—  aei^f 
heetolim*  (112  gallons  impeiial,  nearly)  fiom  a  eord  containing  93  cobie  reclof  awi 
The  aeid  ia  very  brown,  much  louled  with  tar,  and  marks  V  Baum^  )  SSO  kilegn^M 
of  charcoal  are  left  in  the  cylinders  ;  StiO  lilret  of  that  brown  aeid  prodnce,  aDcrtnaal 
diatillalions,  375  of  Ibe  pyroligneoas  acid  of  commerce,  cootalninp  7  per  enil.  of  «ni 
with  a  reBidnumor40  ki1o;^rammeB  of  pilch.  For  the  purpoae  ofmakiDit  %  Grade  HttMt 
of  lead  (pyrolignile)  he  dries  pyioliftnite  of  lime  upon  iron  plalea,  miira  il  with  tk 
equivalent  decom posing  qaantity  of  sulphuric  arid,  previously  dilated  with  it*  owb  wej)^ 
of  water,  and  cooled^  and  transfers  the  mixture  as  quickly  a*  poasible  into  a  eatf-ira 
efUndric  still,  bnilt  horizontally  in  a  furnace  {  the  under  half  of  the  moulhof  tbeeyliato 
being  always  cast  with  a  semicircle  of  iron.  The  acetic  acid  is  reecircil  iuto  imtft  «k- 
glazed  stone  bottles.  From  100  parts  of  acetate  of  lime,  he  obtains  133  of  aMIic  at^tf 
903  n :     I.  — .-:^  always  alillle  sulphur ■-*  "" —  "■ -"--     -  -■     - 
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[iresenled  iajigi.  9S9  and  930  is  a  convenient  nmdificatiiM  of  tkl 
ic  acid,  for  producing  pyroligneoua  acid.  Fig.  929  (hows  ibe  fir 
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leads  10  the  chBaey. 
Fif.  930  ia  >  vertinl 
section  Ukn  in  the  dsUri 
linea,x,ofjff.  9S9.  TV 
chest  a  iaeosflraeledwilk 
east-iron  platea  boded  » 
gether,  and  baa  a  wpaiity 
of  100  cubic  feet.  TV 
wood  is  iatredoccd  iaio  H 
Ihron^h  the  opcaiag  i^  ii 
the  cover,  (or  which  pB^ 
pose  il  is  cleft  into  bilka 
of  moderate  leniilb,  Ite 
chesl  is  healed  fVea  Iba 
sutyacent  ^rale  c,  itfea 
which  the  fael  ■  lait, 
thraa«b  the  STe^oer  i. 
The  flame  aMcadetpinlb 
through  the  aae««An*M 
the  chest,  iriikh  liiimJsMi 
IQ  the  ehimBcT/'.  Aa  irsa 
pipe  g  eonver*  Ibe  vapm 
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dialer.    This  consists  of  a  series  of  pipes  laid  zutiag  over  each  other, 

a  framework  of  wood.    The  condensing  tubes  are  enclosed  in  larger  p'jpea  t,  i 

of  cold  water  being  caused  to  circulate  in  the  interstitial  spaces  between  th 

water  passea  down  from  a  trough  k,  through  a  conducting  tube  I,  eatera  the  k 
ejrUndrieal  case  at  m,  flows  thence  ^ong  the  series  of  jaclieta  j,  i,  i,  bdag  t 
fram  the  one  row  to  the  next  above  it,  by  the  junction  lubes  0,0,9,  till  at  p  I 
ia  ■  boiliag-hoi  state.    The  vapors  proceeding  downwards  ia  an  opposilcdi 
the  cooling  stream  of  water,  get  condensed  into  the  liquid  state,  and  paaa 
through  a  discharge  pipe,  into  the  first  close  receiver  r,  while  the  ooaibutMe  g 
off  through  the  lube  t,  which  is  provided  with  a  stopcock  to  regulate  Ibe  viasn. 
their  Bamc  aiidcr  the  chest.    As  soaa  as  the  distillatiM  is  ffaUjr  set  ^•m|^  On  al 
^pM  tlie  BM-pipe  il  opcstd  I  tiidanecilit  iMabtdiitBintt  beahot.    The  ire  d 
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■applied  with  fuel  at  first,  but  aAer  some  time  the  gas  generated  keeps  up  the  distilling 
heat.  I'he  charcoal  is  allowed  to  cool  during  5  or  6  hours,  and  is  then  taken  out  throngh 
an  aperture  in  the  back  of  the  chest,  which  corresponds  to  the  opening  «,ySg.  929,  in  the 
brickwork  of  the  furnace.  About  60  per  cenU  of  charcoal  may  be  obtained  from  100  fbet 
of  fir-wood,  with  a  consumption  of  as  much  brush- wood  for  fuel. 

Stoltze  has  ascertained,  by  numerous  experiments,  that  one  pound  of  wood  yields  firom 
6  to  7|  ounces  of  liquid  products;  but  in  acetic  acid  it  afiTords  a  quantity  varying  firom  2 
to  5,  according  to  the  nature  of  the  wood.  Hard  timber,  which  has  grown  slowly  upon 
m  diy  soil,  gives  the  strongest  vinegar.  White  birch  and  red  beech  aflbrd  per  pound  7} 
ounces  of  wood  vinegar,  1}  ounce  of  combustible  oil,  and  4  ounces  of  charcoal.  One 
ounce  of  that  vinegar  saturates  1 10  grains  of  carbonate  of  potassa.  Red  pine  yields  per 
pound  6|  ounces  of  vinegar,  2|  ounces  of  oil,  3|  ounces  of  charcoal ;  but  one  ounce  of 
the  vinegar  saturates  only  44  grains  of  carbonate  of  potassa,  and  has  therefore  only  two 
liAhs  of  the  strength  of  the  vinegar  from  the  birch.  An  ounce  of  the  vinegar  from  the 
white  beech,  holly  oak  (/7ex),  common  ash,  and  horse  chestnut,  saturates  from  90  to  100 
grains  of  the  carbonate.  In  the  same  circumstances,  an  ounce  of  the  vinegar  <^  the  alder 
mad  white  pine  saturates  from  58  to  60  grains. 

PYROLIGNEOUS  or  PYROXILIC  SPIRIT,  improperly  called  naptha.  This  is  em- 
I^oyef],  as  well  as  pyro-acetic  ether,  to  dissolve  the  sandarach,  mastic,  and  other  resinoni 
substances,  which,  under  the  name  of  gums,  are  used  for  stifiTening  the  bodies  of  hats.  I 
liave  already  described,  in  the  article  Pyrolioneous  Acid,  how  this  spirit  is  obtained. 
Berzelins  has  found  that  the  crude  spirit  may  be  best  purified  by  agitating  it  with  a  fat 
oil,  in  order  to  abstract  the  empyreumatic  oil ;  then  to  decant  the  spirit,  distil  it,  first  with 
fresh  calcined  charcoal,  and  next  with  chloride  of  calcium.  The  pyroligneous  spirit,  thus 
purified,  is  coloMess,  and  limpid  like  alcohol ;  has  an  ethereous  smell,  somewhat  resem- 
bling that  of  ants.  Its  taste  is  hot,  and  analogous  to  that  of  oil  of  peppermint.  Its  speei- 
^e  gravity,  by  my  experiments,  is  0*824.  It  readily  takes  fire,  and  bums  with  a  blue 
flame,  without  smoke.  It  combines  with  water  in  any  proportion ;  a  property  which  dis- 
tinguishes it  from  pyro-acetic  ether  and  spirit. 

It  is  not  easy  to  say  what  is  the  real  chemical  nature  of  pjrroxilie  spirit.  There  is  no 
ultimate  analysis  of  it  that  can  be  depended  upon.  The  properties  of  the  spirit  examined 
by  MM.  Marcet  and  Macaire,  differ  from  those  of  our  spirit,  in  refusing  to  combine  with 
water,  like  alcohol.  The  article  on  sale  in  this  counti7  readily  unites  with  water,  and 
in  all  proportions  with  alcohol. 

PYROMETER  is  the  name  of  an  instrument  for  measuring  high  degrees  of  heat 
above  the  range  of  the  mercurial  thermometer.  Wedgewood's  is  the  one^eommonly 
referred  to  by  writers  upon  porcelain  and  metaUurgy ;  but  a  better  one  migit  be  easily 
contrived. 

PYROPHORUS  is  the  generic  name  of  any  chemical  preparatum,  generally  a  powder, 
i^kh  inflames  ftpontaneously  when  exposed  to  the  air. 

PYROTECHNY.    Sec  FiaF-woaKS. 

PYROXILINE  is  a  name  which  I  have  ventured  to  give  tat  substance  detected  m 
pyroxylic  spirit,  by  Mr.  Scanlan,  while  residing  in  Dublin,  and  therefore  called  by  him 
Kblanin,    I  am  indebted  to  that  ingenious  chemist  for  the  following  facts. 

If  potash  water  be  added  to  raw  wood-spirit  (pyroligneotu),  as  king  as  it  throws  dowa 
anything,  a  precipitate  is  produced,  which  is  jiyroxUnu,  mixed  with  tarry  matter.    This 
precipitate  is  to  be  collected  on  a  filter  cloth,  and  submitted  to  strong  pressure  between 
folds  of  blotting-paper ;  it  is  next  to  be  washed  with  cold  alcohol,  spec.  grav.  0*840,  ia 
Older  to  free  it  from  any  adhering  tarry  matter ;  when  the  pyroxiline  is  left  nearly  pnre. 
IT  it  be  dissolved  in  boiling  alcohol,  or  hot  oil  of  turpentine,  it  crystallizes  regularly  oa 
cooling,  ia  right  square  prisms,  of  a  fine  yellow  color,  that  look  opaque  to  the  naked 
eye,  but  when  examined  under  the  microscope,  have  the  transparency  and  color  of 
fbrroprassiate  of  potash.    Its  turpentine  solution  affords  crystals  of  a  splendid  orange- 
red  color,  having  the  appearance  of  minute  plates,  whose  form  is  not  discernible  by  the 
Baked  eye,  but  when  examined  by  the  microscope,  they  are  seen  to  be  thin  right  reetan- 
gnlar  prisms.    The  orange-red  color  is  only  the  effect  of  aggregatk>n ;  for  when  groaad 
to  powder,  these  crystals  become  yellow ;  and  under  the  microscope,  the  difference  ia 
color  between  the  two  is  very  slight.    Its  melting  point  is  318P  F.    It  sublimes  at  300^  la 
tree  air;  heated  in  a  close  tube  in  a  bath  of  mercury,  it  emits  vapor  at  400^ ;  it  thea  bo- 
gins  to  decompose,  and  is  totally  decomposed  at  500^.    Sulphuric  acid  deoomposes  it,  pro- 
dneing  a  beautiful  blue  color,  which  passes  into  crimson,  as  the  acid  attracts  water  finooi 
Ihe  atmosphere,  and  it  totally  disappears  on  plentiful  dilation  with  water,  leaving  eaibon 
cT  a  dirty-brown  color.    Ite  alcoholic  or  turpentine  solution  imparta  a  penwaent  ydiosr 
dye  to  veeetaUe  or  animal  matter. 

Pyroxiline  consists,  according  to  the  analysis  of  Drs.  Apjohfi  aadOregary^  of  iCaibwij 
TeK275j  hydcogea^  5*609;  oxygen,  19*nfS,  la  100  ptrtt. 
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QUARTATION  is  the  alloying  of  one  part  of  froU  that  is  to  be  refined,  aJoof  vtt 
three  parts  of  silver,  so  thai  the  gold  shall  constitate  one  quarter  of  the  whole,  and  there- 
by have  its  particles  too  far  separated  to  be  able  to  protect  the  other  metals  oiiffiBally  as* 
Bociated  with  it,  such  as  silver,  copper,  lead,  tin,  palladium,  &^.,  from  the  actiofi  of  the 
nitric  or  sulphuric  acid  employed  in  the  subsequent  parting  process.     See  RjEruruco. 

QUARTZ  has  been  described  in  the  article  Lafidaet. 

QUASSIA  is  the  wood  of  the  root  of  the  Quattia  excdsa,  a  tree  which  ^rowi  ii 
Surinam,  the  East  Indies,  Lc.  It  affords  to  water  an  intensely  bitter  decoetioii,  whkk 
is  occasionally  used  in  medicine,  and  was  formerly  substituted  by  some  brewers  ibr  hofa, 
but  is  now  prohibited  under  severe  penalties.  It  affords  a  safe  and  effieacioiu  l^-watc^ 
or  poison  for  flies. 

QUEEN'S  WARE.    Sec  Pottery. 

QUEEN'S  YELLOW  is  an  ancient  name  of  Turbith  Mineral,  or  Tdlcnr  subsolphsle 
of  mercury. 

QUERCITRON  is  the  bark  of  the  Qwrctit  nigra,  or  yellow  oak,  a  tree  which  ptm» 
in  North  America.  The  coloring  principle  of  this  yellow  dye^toiT  has  been  csDsi 
Querciiriny  by  its  discoverer  Chevreul.  It  forms  small  pale  yellow  spangles,  like  ihm 
ofjSurum  fm»ir«m,has  a  faint  acid  reaction,  is  pretty  soluble  in  alcohol,  hanOy  in  etho^ 
and  little  in  water.  Solution  of  alum  developes  from  it,  by  degrees,  a  beautihil  yeUsv 
dye.    See  Cauco-irintiko  and  Ytixow  Dyk. 

QUICKLIME ;  see  Lime. 

QUICKSILVER ;  see  Mercury. 

QUILL ;  see  Feathers. 

QUININA.  This  medicine  is  now  prepared  in  such  quantities  as  to  constitate  a  chaM> 
eal  manufacture.  Quiaina  and  cinchonina  are  two  vegetable  alkalis,  which  exist  in  Fi- 
mvian  bark  or  cinchona ;  the  pale  or  gray  bark  contains  most  cinchonina,  and  the  jeDow 
bark  most  quinina.  The  methods  of  extracting  these  bases  arc  very  varions.  In  geneit( 
water  does  not  take  them  out  completely,  bccauf^e  it  transforms  the  neutral  salts  in  the 
barks  into  more  soluble  acidulou*  salts,  and  into  less  soluble  sub^alts.  To  ezhaastthe 
bark  completely,  one  or  other  of  the  following  solvents  is  cirployed  : 

1.  Jlcohol, — An  extract  by  this  menstruum,  is  to  be  treated  with  very  dilute  warn  m- 
riatic  acid,  in  order  to  dissolve  everything  thus  f^oluble ;  the  ocid  liquor  is  to  be  saturstd 
with  magnesia,  by  boiling  it  with  an  excess  of  this  earth  ;  the  precipitate  is  to  be  dried, 
filtered,  and  then  exhausted  by  boiling-hot  alcoliol. 

2.  Dilute  aci<f5.— Boil  the  bark,  coarsely  pounded,  with  eirht  times  iu  weight  of  water, 
containing  5  per  cent,  of  the  weight  of  the  bark  of  sulphuric  acid.  This  treatment  it  Is 
be  repeated  with  a  fresh  quantity  of  dilute  acid.  The  whole  liquors  must  be  filtered,  the 
residuum  strained,  and  the  solution  mixed  with  quicklime,  equal  to  one  fourth  of  the  bait 
employed.  This  mixture,  after  having  been  well  stirred,  is  to  be  strained,  whenever  i! 
acquires  an  alkaline  reaction,  that  is,  tinpcs  reddened  litmus  payer  blue,  or  turmeric 
brown.  The  calcareous  mass  is  to  be  now  washed  with  a  lilile  water,  and  dried,  and 
then  boiled  thrice  with  spirit  of  wine  of  spec.  grav.  0'836.  This  solution  beinic  filtered,]! 
to  be  mixed  with  a  little  water,  and  distilled.  The  bases,  cinchonina  and  quinina,  remaia 
under  the  form  of  a  brown  viscid  mass,  and  roust  be  purified  by  subsequent  crystallizatttSy 
aAer  being  converted  into  sulphates. 

3.  Jn  alkali^  and  then  an  acid. — The  object  of  this  process  is,  to  retain  tke 
▼egetable  alkaUs  in  the  bark,  while  with  the  alkaline  water  we  dissolve  out  the  acsb, 
the  coloring  matters,  the  extractive,  the  gum,  &c.  Boil  for  an  hour  one  pound  of 
the  bark  with  six  pounds  of  water,  adding  by  degrees  a  little  solution  of  potash,  so  that 
the  liquor  may  have  still  an  alkaline  taste  when  the  boiling  is  over.  Allow  it  to  cool, 
filter,  wash  the  residuum  with  a  little  water,  and  squeeze  it.  Difiuse  it  next  in  tepid 
water,  to  which  add  by  degrees  a  little  muriatic  acid,  till  after  a  prolonged  digestion  tke 
mixture  shall  perceptibly  redden  litmus  paper.  Filter  the  liquor,  and  boil  it  with  magne- 
sia. The  precipitate  being  washed  and  dried,  is  to  be  treated  with  hot  alcohol,  whi^ 
dissolves  the  quinina  and  cinchonina. 

Obtained  by  any  of  the  above  methods,  the  quinina  and  cinchonina  are  more  or  lea 
colored,  and  may  be  blanched  by  dissolving  them  in  dilute  muriatic  acid,  and  treating  thi 
solution  with  animal  charcoal. 

Ther^  are  several  methods  of  separating  these  two  veeetable  alkalis. 

L  When  their  solution  in  spirit  of  wine  is  evaporated  by  heat  to  a  certain  point,  ths 
gtmter  part  of  the  cinchonina  crystallixes  on  cooling^  while  the  quinina  remaiat  dtedfs^ 
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2,  Digestion  ia  ether  dissolves  the  quinina,  and  leaves  the  cinchonlna. 

3.  We  may  supersaturate  slightly  the  two  bases  with  sulphuric  acid.  Now  asthe 
SDpersulphate  of  quinina  is  sparingly  soluble,  the  liquor  need  only  to  be  evaporated  to  a 
proper  point  to  crystallize  out  that  salt,  while  the  supersulphate  of  cinchonina  continnat 
in  solution  with  very  little  of  the  other  salt.  Kven  this  may  be  separated  by  precipitating 
the  bases,  and  treating  them,  as  above  prescribed,  with  alcohol  or  ether. 

One  poand  of  bark  rarely  yields  more  than  2  drachms  of  the  bases.  One  pound  of  red 
bark  aflbrded,  to  Pelletier  and  Caventou,  74  erains  of  cinchonina,  and  107  grains  of  quinina. 

Quinina  is  composed  of  75*76  carbon,  7*52  hydrogen,  8*11  azote,  and  8-61  oxygen. 

The  salts  of  quinina  are  distinguished  by  their  strong  taste  of  Peruvian  bark,  and  if 
crystallized,  by  their  pearly  lustre.  Most  of  them  are  soluble  in  water,  and  some  also  in 
ether  and  alcohol.  The  soluble  salts  are  precipitated  by  the  oxalic,  gallic,  and  tartaric 
acids,  and  by  the  salts  of  these  acids.    Infusion  of  nutgalls  also  precipitates  them. 

The  sulphate  of  quinina  a  the  only  object  of  manufacturing  operations.  Upon  the 
brownish  viscid  mass  obtained  in  any  of  the  above  processes  for  obtaining  quinina,  pour 
Tery  dilute  sulphuric  acid,  in  sufficient  quantity  to  produce  saturation.  The  solution 
mnst  be  then  treated  with  animal  charcoal,  filtered,  evaporated,  allowed  to  cool,  when  it 
deposites  crystals.  1000  parts  of  bark  alford,  upon  an  average,  12  parts  of  t^nlphate. 
The  sulphate  of  cinchonina,  which  is  formed  at  the  same  time,  remains  dissolved  in  the 
mother-waters. 

The  neutral  sulphate  of  quinina  occurs  in  small  transparent  right  prismatic  needles. 
By  spontaneous  evaporation  of  their  solution,  larger  crystals  may  be  procured.  They 
contain  24}  per  cent,  of  water ;  and,  therefore,  melt  when  exposed  to  heat.  They  dla- 
•olve  in  11  parts  of  water  at  ordinary  temperatures;  are  much  more  soluble  in  hot  spirit 
of  wine,  somewhat  dilute,  than  in  cold  ;  and  are  nearly  insoluble  in  anhydrous  alcohol. 
If  they  be  well  dried,  they  possess  the  property  of  becoming  luminous  when  heated  a  little 
above  the  boiling  point  of  water,  especially  when  they  are  rubbed.  The  sulphate  is,  in 
this  case,  charged  with  vitreous  electricity. 

There  is  a  sub-sulphate,  but  it  is  applied  to  no  use.  The  effloresced  sulphate,  called 
by  some  bisulphate,  is  preferred  for  medical  practice.  The  extensive  sale  and  high  price  of 
tnlphate  of  quininn,  have  given  rise  to  many  modes  of  adulteration.  It  has  bieen  mixed 
with  boracic  acid,  mai^aric  acid,  suear,  sugar  of  manna,  gypsum,  &c.  By  incinerating 
a  little  of  the  salt  upon  a  slip  of  platina,  the  boracic  acid  and  gypsum  remain,  while  the 
quinine  IS  dissipated ;  sugar  and  margaric  acid  exhale  their  peculiar  smoke  and  smell; 
or  they  may  be  dissolved  out  by  a  few  drops  of  water.  Cinchonina  may  be  detected  by 
adding  ammonia  to  the  solution,  and  treating  the  precipitate  with  ether,  which  leaves 
that  vegeto-alkali. 

QUINTESSENCE.  The  alchemists  understood  by  this  term,  now  no  longer  in  scien- 
tific use,  the  solution  in  alcohol  of  the  principles  which  this  menstruum  can  extract  from 
aromatic  plants  or  flowers,  by  digestion,  during  some  days,  in  the  sun,  a  stove,  or  upon 
a  sand-bath  slightly  warmed.  A  quintessence,  therefore,  corresponds  to  the  alcoholic 
tincture  or  essence  (not  essential  oil)  of  the  present  day.    See  PsaruMFaT. 


^  Iv. 

RAISINS,  are  grapes  allowed  to  ripen  and  dry  upon  the  vine.  The  best  come  from 
the  south  of  Europe,  as  from  Roquevaire  in  Provence,  Calabria,  Spain,  and  PortagaL 
Fine  raisins  are  also  imported  from  Smyrna,  Damascus,  and  Egypt.  Sweet  fleshy  frrapes 
are  selected  for  maturing  into  raisins,  and  such  as  grow  upon  the  sunny  slopes  of  hills 
idieltered  from  the  north  winds.  The  bunches  are  pruned,  and  the  vine  is  stripped  of  its 
leaves,  when  the  fruit  has  become  ripe;  the  sun  then  beaming  full  upon  the  fprape% 
completes  their  saccharification,  and  expels  the  superfluous  water.  The  raisins  are 
plucked,  cleansed,  and  dipped  for  a  few  seconds  in  a  boiling  ley  of  wood  ashes  and  quiclu 
lime,  at  12  or  13  degrees  of  Baume's  areometer.  The  wrinkled  fruit  is  lastly  drained, 
dried,  and  exposed  in  the  sun  upon  hurdles  of  basket- work  durios:  14  or  15  days. 

The  finest  raisins  are  those  of  the  snn,  so  called ;  being  the  plumpest  bunches,  which 
are  left  to  ripen  fully  upon  the  vine«  afler  their  stalks  have  been  half  cut  through. 

The  amount  of  rai«ins  imported  for  home  consumption  was,  in  the  year  1836,  156,495 
cwU.;  in  1837,  152,635  cwts. 

RAPE-SEED,  imported  for  home  consumption  in  1836,  561,457  bushels;  in  1837, 
937,526  bushels.    See  Oils,  unctuous. 

RASP,  MECHANICAL,  is  the  name  eiven  by  the  French  to  an  important  maohiae 
much  Qsed  for  mashing  beet-roots.    See  Suoae. 
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RATAFIA,  is  the  generic  name,  in  Franee,  of  liquewra  eompcmnded  with  aleoH 
fogar,  and  the  odoriferous  or  flavoring  principles  of  vegetables.  Bruised  cherries  wilk 
their  stones  are  infused  in  spirit  of  wine  to  make  the  ratafia  of  Grenoble  tU  Teptin, 
The  liqnor  being  boiled  and  filtered,  is  flavored,  when  cold,  with  spirit  of  «oya«,  made  If 
distilling  water  off  the  bruised  bitter  kernels  of  apricots,  and  mixing  it  with  akohoL 
Sump  of  bay  laurel  and  galango  are  also  added. 

REALGAR,  Red  Orpiment,  (Jraenic  rougt  t%Ljhuri^  Fr. ;  Rothu  9ekweftl4tnaStf 
Qerm,)  This  ore  occurs  in  primitive  mountains,  associated  sometimes  with  aalifft 
lirsenic,  under  the  form  of  veins,  efliorescences,  very  rarely  crystalline;  as  also  in  vokuie 
districts ;  for  example,  at  Solfaterra  near  Naples ;  or  sublimed  in  the  shape  of  stalactile% 
in  the  rents  and  craters  of  Etna,  Vesuvius,  and  other  volcanoes.  Its  spec  grav  wis 
lh>m  3*3  to  3*6.  It  has  a  fine  scarlet  color  in  mass,  but  oran«e-red  in  powder,  wherckf 
it  is  distinguishable  from  cinnabar.  It  is  soft,  sectile,  readily  scratched  hy  the  mil; 
its  fracture  is  vitreous  and  conchoidaL  It  volatilizes  easily  before  the  blowpipe,  emitliic 
the  garlic  smell  of  arsenic,  along  with  that  of  burning  sulphur.  It  consists  of,  aneue 
70,  sulphur  30,  in  100  parts.  It  is  employed  sometimes  as  a  pigment.  Factitioas  oqi^ 
ment  is  made  by  distilling,  in  an  earthen  retort,  a  mixture  of  sulphur  and  arsenic,  of  » 
piment  and  sulphur,  or  of  arsenious  acid,  sulphur,  and  charcoal.  It  has  not  the  rid 
color  of  the  native  pigment,  and  is  much  more  poisonous ;  since,  like  (actitious  orpiaifc^ 
it  always  contains  more  or  less  arsenious  acid.  ' 

RECTIFICATION,  is  a  second  distillation  of  alcoholic  liquors,  to  free  them  fioB 
whatever  impurities  may  have  passed  over  in  the  first. 

RED  LIQUOR,  is  a  crude  acetate  of  alumina,  employed  in  Gallea>i»inting,  and  f» 
pared  from  pyroligneous  acid  ;  which  see. 

REED,  is  the  well  known  implement  of  the  weaver,  made  of  parallel  slips  «f 
metal  or  reeds,  called  dents.  A  thorough  knowledge  of  the  adaptiim  of  yaa 
of  a  proper  degree  of  fineness  to  any  given  measure  of  reed,  constitutes  one  of  lbs 
principal  objects  of  the  manufacturer  of  cloths ;  as  upon  this  depends  entirely  thi 
appearance,  and  in  a  great  degree  the  durability,  of  the  cloth  when  finished.  He 
art  of  performing  this  properly,  is  known  by  the  names  of  examimimg,  weUmg^  m 
Mleying,  which  are  used  indiscriminately,  and  mean  exactly  the  same  thing.  He 
reed  consists  of  two  parallel  pieces  of  wood,  set  a  few  inches  apart,  and  they  are  of 
any  given  length,  as  a  yard,  a  yard  and  a  quarter,  dec.  The  division  of  the  yard 
into  halves,  quarters,  eighths,  and  sixteenths ;  the  breadth  of  a  web  is  generally 
pressed  by  a  vulgar  fraction,  as  4-,  4.,  4,  ^ ;    and  the  subdivisions  by  the  eighths  or 

teenths,  or  naU$,  as  they  are  usually  called,  as  X,  £.,  y  &c.,  or  i-1,  Xk,  J-S.,  Jtc     It 

Scotland,  the  splits  of  cane  which  pass  between  the  longitudinal  pieces  or  ribs  of  the 
reed,  are  expressed  by  hundreds,  porters,  and  splits.  The  porter  is  20  splits,  or  Xtkof 
a  hundred. 

In  Lancashire  and  Cheshire  a  different  mode  is  adopted,  both  as  to  the  measure  and  fi- 
▼isions  of  the  reed.  The  Manchester  and  Bolton  reeds  are  counted  by  the  nomber  of 
splits,  or,  as  they  are  there  called,  dent^,  contained  in  24}  inches  of  the  reed.  These 
dents,  instead  of  being  arranged  in  hundreds,  porters,  and  splits,  as  in  Scotland,  are  cal- 
culated by  what  is  there  termed  hares  or  bears,  each  containing  20  dents,  or  the  sasie 
number  as  the  porter  in  the  Scotch  reeds.  The  Cheshire  or  Stockport  reeds,  again,  rs- 
eeive  their  designation  from  the  number  of  ends  or  threads  contained  in  one  inch,  two 
ends  beins:  allowed  for  every  derUy  that  beinz  the  almost  universal  number  in  every  specie! 
and  description  of  plain  cloth,  according  to  the  modern  practice  of  weaving,  and  also  for 
a  great  proportion  of  fanciful  articles. 

The  number  of  threads  in  the  warp  of  a  web  is  generally  ascertained  with  considenihle 
precision  by  means  of  a  small  magnifying  glass,  fitted  into  a  socket  of  brass,  under  which 
is  drilled  a  small  round  hole  in  the  bottom  plate  of  the  standard.  The  nnmber  of  threadi 
visible  in  this  perforation,  ascertains  the  number  of  threads  in  the  standard  measure 
of  the  reed.  Those  used  in  Scotland  have  sometimes  four  perforations,  over  any  one  of 
which  the  glass  may  he  shifted.  The  first  perforation  is  |  of  an  inch  in  diameter,  and 
is  therefore  well  adapted  to  the  Stockport  mode  of  counting;  that  is  to  say,  for  ascer- 
taining the  number  of  ends  or  threads  per  inch  ;  the  second  is  adapted  for'the  Hollafld 
reed,  being  ^^th  part  of  40  inches ;  the  third  is  -k^th  of  37  inches,  and  is  adapted  ftr 

the  now  almost  universal  construction  of  Scotch  reeds ;  and  the  fourth,  being     i    th  of 

34  inches,  is  intended  for  the  French  cambrics.  Every  thread  appearing  in  these  respee- 
tive  measures,  of  course  represents  200  threads,  or  100  splits,  in  the  slaadud 
breadth ;  and  thus  the  quality  of  the  fabric  may  be  ascertained  with  considerable  pre- 
cision, even  aAer  the  cloth  has  undergone  repeated  wettings,  either  at  the  Meachiag- 
ground  or  dye- work.  By  counting  the  other  wny,  the  proportion  which  the  woof  bean 
to  the  warp  is  also  known,  and  this  forms  the  chief  use  of  the  elass  to  the  manufhctorcr 
and  operative  weaver,  both  of  whom  are  previously  acquainted  with  the  ezaet 
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ComimratiYe  Table  of  37-inch  reedt,  being  the  stAodard  used  Unonglumt  Europe,  Ibr 
finens,  with  the  Lancashire  and  Cheshire  reeds,  and  the  fureign  reeds  used  for  holland 
«nd  cambric 


Sooleh. 

Lueuhira. 

ChMhin. 

Dttteh  Holland. 

Freaeh  cambric. 

600^ 

20 

34 

550 

653 

700 

24 

38 

650 

761 

800 

26 

44 

740 

870 

900 

30 

60 

832 

979 

1000 

34 

54 

925 

1089 

1100 

36 

60 

1014 

1197 

1200 

40 

64 

1110 

1300 

1300 

42 

70 

1202 

1414 

1400 

46 

76 

1295 

1464 

1500 

60 

80 

1387 

1602 

1600 

52 

86 

1480 

1752 

1700 

56 

92 

1671 

1820 

1800 

58 

96 

1665 

1958 

1900 

62 

104 

1757 

2067 

2000 

66 

110 

1850 

2176     1 

In  the  above  table,  the  37-inch  is  placed  first.  It  is  called  Scotch,  not  becaase  it 
cither  oiiginated  or  is  exclusively  used  in  that  country.  It  is  the  general  linen  reed  of 
•11  Europe ;  but  in  Scotland  it  has  also  been  adopted  as  the  regulator  of  her  cotton  manii- 
iketures.  ' 

REFINING  OF  GOLD  AND  SILVER;  called  also  Parting.  (Jffinage  d'arguU, 
Dipofty  Fr. ;  Schndmng  tn  die  quarts  Germ.)  For  several  uses  in  the  arts,  these  pre- 
cious metals  are  required  in  an  absolutely  pure  state,  in  which  alone  they  possess  their 
malleability  and  peculiar  properties  in  the  most  eminent  degree.  Thus,  for  example, 
neither  gold  nor  silver  leaf  can  be  made  of  the  requisite  fineness,  if  the  metals  contain 
Che  smallest  portion  of  copper  alloy.  Till  within  these  ten  or  twelve  years,  the  parting 
of  silver  from  gold  was  effected  everywhere  by  nitric  acid ;  it  is  still  done  so  in  all  the 
establishments  of  this  country,  except  the  Royal  Mint ;  and  in  the  small  refining  houses 
•broad.  The  following  appaiatus  may  be  advantageously  employed  in  this  operation.  It 
will  serve  the  double  purpose  of  manufacturing  nitric  acid  of  the  utmost  purity,  and  of 
flepvating  stiver  from  gold  by  its  means. 


I.  On  procuring  nitrie  acid  for  parting.^-a  is  a  platinom  retort  or  alembic;  6  is 
its  capita],  terminating  above  in  a  tubuiure,  to  which  a  kneed  tube  of  platinum, 
mbout  2  feet  long,  is  adapted;  c  is  the  tubuiure  of  the  retort,  for  supplying  acid 
during  the  process,  and  for  inspecting  its  progress.  It  is  furnished  with  a  lid  ground 
air-tight,  which  may  be  secured  in  its  place  by  a  weight,  e  is  a  stoneware  pifie,  abont 
two  inches  diameter,  and  several  feet  long,  according  to  the  locality  in  which  the 
operation  is  to  be  carried  on.  It  is  made  in  lengths  fitted  to  one  another,  and  secured 
at  the  joints  with  loam-late.  The  one  bend  of  this  earthenware  hard  salt-glazed 
pipe  is  adapted  to  receive  the  platinum  tube,  and  the  other  bend  is  inserted  into  a  tabu- 
lure  in  the  top  of  the  stoneware  drum/.    The  opening  ^  ^  in  the  middle  of  the  top  of/,  is 
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for  inspecting  the  progress  of  the  condensation  of  acid ;  and  the  third  tvlrahire 
nates  in  a  prolonged  pipe  i,  t,  consisting  of  several  pieces,  each  of  which  enters  from  above 
conically  into  the  one  below.  The  joinings  of  the  upper  pieces  need  not  be  ti|(htJy  Intel, 
as  it  is  desirable  that  some  atmospherical  oxygen  should  enter,  to  conrert  the  relatirriy 
light  nitrous  gas  into  nitrous  or  nitric  acid  vapor,  which  when  supplied  with  rocMstnre  wfll 
condense  and  fall  down  in  a  liquid  state.  To  supply  Ibis  moisture  in  the  most  diffusiTe 
form,  the  upright  stoneware  pipes  t,  t,  /,  /,  (at  least  3  inches  diameter,  and  12  feet  bigb), 
should  be  obstructed  partially  with  flint  nodules,  or  with  silicions  pebbles ;  and  water 
should  be  allowed  to  trickle  upon  the  top  pebble  from  a  cistern  placed  above.  Care  most 
be  taken  to  let  the  water  drop  so  slowly  as  merely  to  presenre  the  pebbles  in  a  state  of 
humidity.  A  is  a  stopcock,  of  class  or  stoneware,  for  drawing  cff  the  acid  from  the  cis- 
tern/, fc  is  a  section  of  a  small  air-furnace,  covered  in  at  top  with  an  iron  ring,  on  which 
the  flat  iron  ring  of  the  platinum  frame  rests. 

g,  g,  is  a  tub  in  which  the  stoneware  cistern  stands,  surrounded  with  water,  kept  con- 
stantfy  as  cold  as  possible  by  passing  a  stream  through  it ;  the  spring  water  entering  by  a 
pipe  that  dips  near  to  the  bottom,  and  the  hot  water  escaping  at  the  upper  edge. 

With  the  above  apparatus,  the  manufacture  of  pure  nitric  acid  is  comparatively  euy 
and  economical.  Into  the  alembic  a,  100  pounds  (or  thereby)  of  pnre  nitre,  coarsely 
bruised  if  the  crystals  be  large,  are  to  be  put ;  the  capital  is  then  to  be  adapted,  and  the 
platinum  tube  (the  only  moveable  one)  luted  into  its  place.  Twenty  pounds  of  straag 
sulphuric  acid  are  now  to  be  introduced  by  the  tubulure  r,  and  then  its  lid  mast  be  pal 
on.  No  heat  must  yet  be  applied  to  the  alembic.  In  about  an  hour,  another  ten  ponods 
of  acid  may  be  poured  in,  and  so  every  hour,  till  60  pounds  of  acid  have  been  added.  A 
few  hours  aAcr  the  afl'usion  of  the  last  portion  of  acid,  a  slight  fire  may  be  kindled  in  the 
fomace  k. 

By  judicious  regulation  of  the  heat,  the  whole  acid  may  be  drawn  off  in  24  hoars;  ill 
final  expulsion  being  aided  by  the  dexterous  introduction  of  a  quart  or  two  of  boiling 
water,  in  small  successive  portions,  by  the  tubulure  c,  whose  lid  must  he  instantly  shut 
aAer  every  inspersion.  The  most  convenient  strength  of  acid  for  the  parting  process,  if 
when  its  specific  gravity  is  about  1*320,  or  when  a  vessel  that  contains  16  ounces  of  pore 
water,  will  contain  21 1  of  the  aquafortis.  To  this  strength  it  should  be  brought  very  ex- 
actly by  the  aid  of  a  hydrometer. 

Its  purity  is  easily  ascertained  by  letting  fall  into  it  a  few  drops  of  solution  of  sflnr; 
and  if  no  perceptible  milkiness  ensues,  it  may  be  accounted  good,  ^honld  a  whifee 
cloud  appear,  a  few  particles  of  silver  may  be  introduced,  to  separate  whatever  mnriatk 
acid  may  be  present,  in  the  form  of  chloride  of  silver.  Though  a  minute  quantity  of 
sulphuric  acid  should  exist  in  the  nitric,  it  will  be  of  no  consequence  in  the  operation  cf 
parting. 

2.  On  -parting  by  the  nitric  acidy  called  by  the  3fexicans,  "  11  apartado.'' — The  principle 
on  which  this  process  is  founded,  is  the  fact  of  silver  being  soluble  in  nitric  acid,  while 
gold  is  insoluble  in  that  menstruum.  If  the  proportion  of  gold  to  that  of  silver  be  greater 
than  one  to  two,  then  the  particles  of  the  former  metal  so  protect  or  envelop  those  of  the 
latter,  that  the  nitric  acid,  even  at  a  boiling  heat,  remains  quite  inactive  on  the  alloy.  It 
is  indispensable,  therefore,  that  the  weight  of  the  silver  be  at  least  double  that  of  the  gold. 
100  pounds  of  silver  take  38  pounds  of  nitric  acid,  of  specific  gravity  1*320,  for  oxydise- 
ment,  and  111  for  solution  of  the  oxyde;  being  together  149;  but  the  refiner  oAen  coa- 
sumes,  in  acid  of  the  above  strength,  more  than  double  the  weight  of  silver,  which  shows 
great  wa^te,  owing  to  the  imperfect  means  of  condensation  employed  for  recovering  the 
vapors  of  the  boiling  and  very  volatile  acid. 

By  the  apparatus  above  delineated,  the  38  pounds  of  acid  expended  in  oxydizing  the  silver, 
become  nitrous  gas  in  the  first  place,  and  arc  afteiwards  reconverted  in  a  great  measure 
into  nitric  acid  by  absorption  of  atmospherical  oxygen  ;  so  that  not  one  fifth  need  be  lost, 
under  good  management.  As  the  acid  must  be  boiled  on  the  granulated  garble,  or  aUoy, 
to  effect  the  solution  of  the  silver,  by  proper  arrangements  the  vapors  may  be  entirely  con- 
densed, and  nearly  the  whole  acid  be  recovered,  except  the  1 1 1  parts  indispensable  to  con- 
stitute nitrate  of  silver.  Hence,  with  economical  management,  120  pounds  of  such  acid 
may  be  assigned  as  adequate  to  dissolve  100  of  silver  associated  with  50  of  gold. 

It  must  here  be  particularly  observed,  that  100  pounds  of  copper  require  130  pounds  of 
the  above  acid  for  oxydizement ;  and  390  for  solution  of  the  oxyde ;  being  520  pounds  in 
whole,  of  which  less  than  }  part  could  be  recovered  by  the  above  apparatus.  It  is  therfr- 
fore  manifest  that  it  is  desirable  to  employ  silver  pretty  well  freed  from  copper  by  a  pr^ 
vious  process;  and  always,  if  practicable,  a  silver  containing  some  gold. 

These  data  being  assumed  as  the  bases  of  the  parting  operation,  60  pounds  of  gold  and 
silver  alloy  or  garble  finely  granulated,  containing  not  less  than  40  pounds  of  silver,  are  to 
be  introduced  into  the  ten-gallon  alembic  of  platinum,  fig.  931,  and  80  pounds  of  nitric 
acid,  of  1*320,  is  to  be  poured  over  the  alloy ;  a  quantity  which  will  measure  6  gallons 
imperial.    As  for  the  balk  of  the  alloy,  it  is  considerably  less  than  half  a  gallon.    Abiui» 
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dance  of  space  therefore  remains  in  the  alembic  for  effervescence  and  ebuUition,  provided 
the  fire  be  rightly  tempered. 

By  the  extent  of  stoneware  conducting  pipe  €,  which  should  not  be  less  than  40  feet,  by 
(he  dimensions  and  coldness  of  the  cistern/,  and  by  the  regenerating  influence  of  the  ver- 
tical aerial  pipe  filled  with  moist  pebbles  t,  t,  it  is  clear,  that  out  of  the  80  pounds  of  ni- 
tric acid,  specific  gravity  1*320,  introduced  at  first,  from  20  to  30  will  be  recovered. 

Whenever  the  effervescence  and  disengagement  of  nitrous  red  fumes  no  longer  appear 
on  opening  the  orifice  c,  the  fire  must  be  removed,  and  the  vessel  may  be  cooled  by  the 
application  of  moist  cloths.  The  alembic  may  be  then  disengaged  from  the  platinum  tube, 
aiid  li(\ed  out  of  its  seat.  Its  liquid  contents  must  be  cautiously  decanted  off,  through  the 
orifice  c,  into  a  tub  nearly  filled  with  soft  water.  On  the  heavy  pulverulent  gold  which 
remains  in  the  vessel,  some  more  acid  should  be  boiled,  to  carry  off  any  residuary  silver. 
This  metallic  powder,  after  being  well  washed  with  water,  is  to  be  dried,  fused  along  with 
a  little  nitre  or  borax,  and  cast  into  ingots. 

Plates  of  copper  being  immersed  in  the  nitric  solution  contained  in  wooden  or  stone- 
ware cisterns,  will  throw  metallic  silver  down,  while  a  solution  of  nitrate  of  copper, 
called  blue  water,  will  float  above.  The  pasty  silver  precipitate  is  to  be  freed  from  the 
nitrate  of  copper,  first,  by  washing  with  soft  water,  and  next,  by  strong  hydraulic  pressure 
in  east  iron  cylinders.  The  condensed  mass,  when  now  melted  in  a  crucible  along  with 
a  little  nitre  and  borax,  is  fine  silver. 

The  above  apparatus  has  the  further  advantage  of  enabling  the  operator  to  recover  a 
great  portion  of  his  nitric  acid,  by  evaporating  the  blue  water  to  a  state  approaching  to 
dryness,  with  the  orifices  at  c,  and  at  the  top  of  the  capital,  open.  In  the  progress  of 
this  evaporation,  nothing  but  aqueous  vapor  escapes.  Whenever  the  whole  liquid  is 
dissipated,  the  pipe  d  is  to  be  re-adjusted,  and  the  lid  applied  closely  to  c.  The  heat 
being  now  continued,  and  gradually  increased,  the  tohole  nitric  acid  will  be  expelled 
fiom  the  copper  oxyde,  which  will  remain  in  a  black  mass  at  the  bottom  of  the  alembic. 
The  contrivance  for  letting  water  trickle  upon  the  pebbles,  must  be  carefully  kept  in 
play,  otherwise  much  of  the  evolved  acid  would  be  dissipated  in  nitrous,  fumes.  With 
due  attention  to  the  regenerative  plan,  a  great  part  of  the  acid  may  be  recovered,  at  no 
expense  but  that  of  a  little  fuel. 

The  black  oxyde  of  copper  thus  obtained,  is  an  economical  form  of  employing  that 
metal  for  the  production  of  the  sulphate;  100  pounds  of  it,  with  122^  of  sulphuric  acid 
dilated  with  water,  produce  312^  pounds  of  crystallized  sulphate  of  copper.  A  leaden 
boUer  is  best  adapted  for  that  operation.  100  pounds  of  silver  are  precipitable  from  its 
oolation  in  nitric  acid,  by  29  of  copper.  If  more  be  needed,  it  is  a  proof  that  a  wasteful 
excess  of  acid  has  existed  in  the  solution. 

In  parting  by  nitric  acid,  the  gold  generally  retains  a  little  silver ;  as  is  proved  by 
the  cloud  of  chloride  of  silver  which  it  afibrds,  at  the  end  of  some  hours,  when  dissolved 
in  aqua  regia.  And  on  the  other  hand,  the  silver  retains  a  little  gold.  These  facts 
indaced  M.  Dize,  when  he  was  inspector  of  the  French  mint,  to  adopt  some  other  pro- 
cess, which  would  give  more  accurate  analytical  results ;  and  nAer  numerous  experi- 
ments, he  ascertained  that  sulphuric  acid  presented  great  advantages  in  this  point  of 
riew,  since  with  it  he  succeeded  in  detecting,  in  silver,  quantities  of  gold  which  had 
dnded  the  other  plan  of  parting.  The  suggestion  of  M.  Diz^  has  been  since  univer- 
sally adopted  in  France.  M.  Costell,  about  nine  or  ten  years  ago,  erected  in  Poroeroy- 
street,  Old  Kent-road,  a  laboratory  upon  the  French  plan,  for  parting  by  sulphuric 
add ;  but  he  was  not  successful  in  his  enterprise ;  and  since  he  relinquished  the  business, 
Mr.  Matheson  introduced  the  same  system  into  our  Royal  Mint,  under  the  management 
of  M.  Costell's  French  operatives.  In  the  Parisian  refineries,  gold,  to  the  amount  of 
one  thousandth  part  of  the  weight,  has  been  extracted  from  all  the  silver  which  had  been 
previously  parted  by  the  nitric  acid  process ;  being  3500  francs  in  value  upon  every  thou- 
■and  kilogrammes  of  silver. 

I  shall  give  first  a  general  outline  of  the  method  of  parting  by  sulphuric  acid,  and  then 
describe  its  details  as  I  have  lately  seen  them  executed  upon  a  magnificent  scale  in  an 
establishment  near  Paris. 

The  most  suitable  alloy  for  refining  gold,  by  thcsulphuric  acid  process,  is  the  compound 
of  i^old,  silver,  and  copper,  having  a  standard  quality,  by  the  cupel,  of  from  900  to  950 
millidmes,  and  containing  one  fifth  of  its  weight  of  gold.  The  best  proportions  of  the 
three  metals  are  the  following:— silver,  725;  gold,  200;  copper,  75;=  1000.  It  has 
been  found  that  alloys  which  contain  more  copper,  afford  solutions  that  hold  some 
anhydrous  sulphate  of  that  metal  in  solution,  which  prevents  the  gold  from  beins  readily 
separated  ;  and  that  alloys  containing  more  gold,  are  not  acted  on  easily  by  the  sulphuric 
aeid.  The  refiner  ought,  therefore,  when  at  all  convenient,  to  reduce  the  alloys  that 
be  has  to  treat  to  the  above-stated  proportions.  He  may  effect  this  purpose  either  by 
fosiog  the  coarser  alloys  with  nitre  in  a  crucible,  or  by  adding  finer  alloy,  or  even  fine 
sQver,  or  finally,  by  subjecting  the  coarser  alloys  to, a  previous  cupellation  with  lead  on 
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tbe  fljeat  scale.  As  to  gold  or  silver  ballioD,  which  conUiDS  lead  and  oilier  easily  «f> 
disable  metals  besides  copper,  the  refiner  ought  always  to  avoid  treating  tbcmbfsi> 
phuric  aciil ;  and  should  separate,  first  of  all,  these  foreigo  metals  bj  the  ngencj  of  liii!^ 
if  they  exist  in  minute  quantity  i  but  if  in  larger,  he  should  have  reooorse  to  the  eqd 
Great  advantage  will  therefore  be  derived  from  the  judicioos  prepnrmtion  of  the  alky  to 
be  refined. 

For  an  alloy  of  the  above  description,  the  principal  Parisian  refiners  are  in  the  hskit 
of  employing  thrice  its  weight  of  sulphuric  acid,  in  order  to  obtain  a  cleau-  solatioa  4 
sulphate  of  silver,  which  does  not  too  suddenly  concrete  on  cooUnffy  so  as  to  ohftnMtito 
discharge  from  tbe  alembic  by  decantation.  A  small  increase  in  the  qnantity  of  eoppo^ 
calls  for  a  considerable  increase  in  the  quantity  of  acid. 

Generally  speaking,  one  half  of  the  sulphuric  acid  strictly  required  for  eonTcrtiag  the 
■ilver  and  copper  into  sulphates,  is  decomposed  into  sulphurous  acid,  whieb  is  kit  ta  the 
manufacturer,  unless  he  has  recourse  to  the  agency  of  nitrous  acid. 

The  process  for  silver  containing  but  little  gold,  consists  of  five  different  cptn 
lions. 

1.  Upon  several  furnaces,  one  foot  in  diameter,  egg-shaped  alembies  of  platinna  tn 
mounted,  into  each  of  which  are  put  3'  kilogrammes  (8  lbs.  troy)  of  tbe  gmmbld 
silver,  containing  a  few  grains  of  gold  per  pound,  and  6  kilogrammes  of 
sulphuric  acid.  The  alembics  are  covered  with  conical  capitals^  ending  in  bent 
which  conduct  the  acid  vapors  into  lead  pipes  of  condensation ;  and  tbe  fnmni 
erected  under  a  proper  hood.  As  the  cold  acid  b  inoperative,  it  mnsi  be  set  n  boiliil^ 
at  which  temperature  it  gives  up  one  atom  of  its  oxygen  to  the  metal,  and  is  InuMfinMi 
into  sulphurous  acid,  which  escapes  in  a  gaseous  state.  Some  of  the  andeconpoied  sri> 
phuric  acid  immediately  combines  with  the  oxyde  into  a  sulphate,  whicb  subsides^  is  lit 
state  of  a  crystalline  powder,  to  the  bottom  of  the  vesseL  The  solution  goes  ob  vif»> 
ously,  with  a  copious  disengagement  of  sulphurous  acid  gas,  only  darini^  tbe  two  or  thm 
first  hours ;  after  which  it  proceeds  slowly,  and  is  not  completed  till  after  a  digestioa  k 
nearly  twelve  hours  more.  During  the  ebullition  a  considerable  quantity  of  snlpfcsrii 
acid  vapor  escapes  along  with  the  sulphurous  acid  gas  i  the  former  of  whieh  is  rmi^ 
condensed  in  a  large  leaiden  receiver  immersed  in  a  cistern  of  cold  water,  if  need  be.  Il 
has  been  proposed  to  condense  the  sulphurous  acid,  by  leading  it  over  eztensire  sodhM 
of  lime-pap,  as  in  the  coal-gas  purifiers. 

2.  When  the  whole  silver  has  been  converted  into  sulphate,  this  is  to  be  emptied  oat 
of  the  alembic  into  water  contained  in  a  round-bottomeid  receiver  lined  with  lead,  aii 
diluted  till  the  density  of  the  solution  marks  from  15^  to  20°  Baume.  The  small  poitias 
of  gold,  in  the  form  of  a  brown  powder,  which  remains  undissolved,  haTiag  been  aUowsi 
to  settle  to  the  bottom,  the  supernatant  solution  of  silver  is  to  be  decanted  enrefally  dT 
into  a  leaden  cistern,  and  the  powder  being  repeatedly  edulcorated  with  water,  tbe  wash- 
ings are  to  be  added  to  it.  The  silver  is  now  to  be  precipitated  by  plunging  plates  of 
copper  in  the  solution,  and  the  magma  which  falls  is  to  be  well  washed,  and  fived  fisB 
the  residuary  particles  of  sulphate  of  copper  by  powerful  compression. 

3.  The  silver,  precipitated  and  dried  as  above  described,  is  melted  in  a  cmeihle^  aii 
east  into  an  ingot. 

4.  The  gold  powder  is  also  dried  and  cast  into  an  ingot,  a  little  nitre  being 
the  fusion,  to  oxydize  and  separate  any  minute  particles  of  copper  that  may 
have  been  protected  from  the  solvent  action  of  the  ackl. 

5.  As  the  sulphate  of  copper  is  of  considerable  value,  its  solution  is  to  be  nentralisd^ 
evaporated  in  leaden  pans  to  a  proper  strength,  and  set  aside  to  crystallise  in  Indei 
cisterns.  The  farmers  throughout  France  consume  an  immense  quantity  of  tfc«  $^ 
They  sprinkle  a  weak  solution  of  it  (at  2°  or  3°  Baume)  over  their  grain  before  soviet 
it,  in  order  to  protect  it  against  the  ravages  of  birds  and  insects. 

The  puresrold,  at  the  instant  of  its  separation  from  the  alloy  by  the  action  of  salphaiis 
acid,  being  in  a  very  fine  powder,  and  lyinsr  in  close  contact  with  the  platinam,  under  the 
influence  of  a  boil  in  i;  menstnium,  which  brightens  the  surfaces  of  the  two  metals,  aai 
raises  their  temperature  to  fully  the  600th  degree  of  Fahrenheit's  scale,  tends  to  bccof 
partially  soldered  to  the  platinum,  and  may  thus  progressively  thicken  the  bottom  of  the 
still.  The  importance  of  preserving  this  vessel  entire,  and  of  economising  the  fuel  re^ 
qoisile  to  heat  its  contents,  induces  the  refiner  to  detach  the  crust  of  gold  from  *"^  Is 
time,  by  passin?  over  the  bottom  of  the  still,  in  small  quantities,  a  dilate  nitia- 
muriatic  acid,  which  acts  readily  on  gold,  but  not  on  platinum.  But  as  this  operatioa 
is  a  very  delicate  one,  it  must  be  conducted  with  great  circumspection.  Tbe  danger  of 
such  adhering  deposites  is  much  increased  by  using  too  high  a  beat,  and  too  smalls 
body  of  acid,  relatively  to  the  metals  dissolved.  Hence  it  is  advantageous  to  employ 
alembic^  of  large  size.  Should  any  lead  or  tin  get  into  the  platinum  still,  while  the  hot 
acid  is  in  it,  the  precious  vessel  would  be  speedily  destroyed  ;  an  accident  which  has  sol 
nnfrequently  happened.    Each  operation  may  be  conveniently  finished  in  twelTe  bows; 
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•o  that  each  alembic  may  refine  with  ease  160  marcs  daily.  Some  persoBS  work  move 
npidly,  but  such  haste  is  hazardons. 

The  Parisian  refiners  restore  to  the  owners  the  whole  of  the  gold  and  silver  contained 
in  the  ing:ots,  reserving  to  themselves  the  copper  which  formed  the  alloy,  and  charging 
only  the  sum  or6|  fames  per  kilogramme  (2*68  lbs.  troy)  for  the  expense  of  the  parting 
€f  the  metals. 

If  they  are  employed  to  refine  an  ingot  of  silver  containing  less  than  one  tenth  of  gold, 
Ibey  retain  for  tlieroselves  a  two  thousandth  part  of  the  gold,  and  all  the  copper,  existing 
ia  the  alloy ;  return  all  the  rest  of  the  gold,  with  the  whole  of  the  silver,  in  the  ingot; 
•Bd  give,  besides,  to  the  owners  a  fnremium  or  honu$,  which  amounted  lately  to  ]  of  a 
firanc  on  the  kilogramme  of  metal.  Shoukl  the  owner  desire  to  have  the  whole  cf  the  gold 
and  silver  contained  in  his  ingot,  the  refiner  then  demands  (Vom  him  2  francs  and  68  ceiw 
times  per  kilogramme,  retaining  the  copper  of  the  alloy.  As  to  sUter  ingots  of  low 
atandard,  the  perfection  of  the  refining  processes  is  such,  that  the  mek«  eopper  contained 
in  them  pays  all  the  costs ;  for  in  this  case,  the  refiner  restores  to  the  proprietor  of  the 
ingot  as  much  fine  silver  as  the  assay  indicated  to  exist  in  the  ingot,  contenting  himself 
with  the  copper  of  the  alloy.    See  in/rik. 

The  chemical  works  of  M.  Poizat,  called  ajfinagt  d'argenty  on  the  bank  of  the  canal 
4t  rOwrcqj  in  the  vicinity  of  Paris,  are  undoubtedly  the  most  spacious  and  best  arranged 
for  refining  the  precious  metals,  which  exist  in  the  world.    On  being  introduced  to  Uiis 

Entleman,  by  my  friend  and  companion  M.  Clement-Desormes,  be  immediately  expressed 
I  readiness  to  conduct  me  through  his  fabriqutj  politely  alluding  to  the  French 
translation  of  my  Dictionary  of  Chemistry,  which  lay  upon  the  desk  of  his  Imrtam. 
The  principal  room  is  240  feet  long,  40  feet  wide,  and  about  30  feet  high.  A  \oStf 
chimney  rises  up  throuch  the  middle  of  the  apartment,  and  another  at  each  of  its  enda. 
The  one  space,  120  feet  long,  to  the  right  of  the  central  chimney,  is  allotted  to  the  pio- 
ccises  of  dissolving  the  silver,  and  parting  the  gold ;  the  other,  to  the  left,  to  the  eva- 
poration and  crystallisation  of  the  sulphate  of  copper,  and  the  concentration  of  the  ro> 
covered  sulphuric  acid. 

M.  Poisat  melts  his  great  masses  of  silver  in  pots  made  of  malleable  iron,  capable  of 
folding  several  cwts.  each ;  and  granulates  it  by  pouring  it  into  water  containe<l  in  large 
lion  pans.  The  granulated  silver  is  dried  with  heat,  and  carried  into  a  well  lis h ted  of- 
Ice  enclosed  by  glazed  casements,  to  be  weighed,  registered,  and  divided  into  delerminatt 
portions.  Each  of  these  is  put  into  a  cast-iron  pot,  of  a  flattened  hemispherical  shape, 
nbont  2  feet  in  diameter,  covered  wilh  an  iron  lid,  made  in  halves,  and  hinged  togethCT 
in  the  middle  line.  From  the  top  of  the  fixed  lid  a  bent  pipe  issues,  and  proceeds  down- 
wnrds  into  an  oblong  leaden  chest  sunk  beneath  the  floor.  Four  of  the  above  cast-iron 
pots  stand  in  a  line  across  the  room,  divided  into  two  ranges,  with  an  intervening  spaco 
lor  passing  between  them.  The  bottoms  of  the  pots  are  directly  heated  by  the  flame^ 
one  fire  serving  for  two  pots.  Two  parts  of  concentrated  sulphuric  acid  by  weight  art 
poured  upon  every  pact  of  granulated  silver,  and  kept  gently  boiling  till  the  whole  silver 
be  converted  into  a  pasty  sulphate. 

From  the  underground  leaden  chests,  a  leaden,  pipe  4  inches  in  diameter,  rises  verti- 
cnlly,  and  enters  the  side  of  a  leaden  chamber,  which  is  supported  upon  strong  crors-beame 
or  niters,  si  little  way  beneath  the  roof  of  the  apartment.  This  chamber,  which  is  30 
feet  long,  10  feet  wide,  and  6  feet  high,  is  intended  to  condense  the  sulphuric  acid  vapors^ 
nloog  with  some  of  the  sulphurous  acid  ;  that  of  the  latter  being  promoted  by  the  admis- 
Mon  of  nitrous  gas  and  air,  which  convert  it  into  sulphuric  acid.  From  the  further  end 
ef  this  chamber,  a  large  square  leaden  pipe  returns  with  a  slight  slope  towards  the  middle 
of  the  room,  and  terminates  at  the  right-hand  side  of  the  central  chimney,  in  a  small  leaden 
cheat,  for  receiving  the  drops  of  acid  which  are  condensed  in  the  pipe.  From  that  chest 
n  pipe  issues,  to  dis^arge  into  the  high  central  chimney  the  incondensable  gases,  and 
nbo  to  maintain  a  constant  draught  through^the  whole  series  of  leaden  chambers  back  to 
the  cast-iron  hemispherical  pots. 

Besides  the  above  cast-iron  pots,  destined  to  dissolve  only  the  coarse  cupreous  silver, 
containing  a  few  grains  of  gold  per  pound,  there  are,  in  the  centre  of  the  apartment,  at 
the  right-hand  side  of  the  chimney,  6  alembics  of  platinum,  in  which  the  rich  alloys  of 
gold  and  silver  are  treated  in  the  process  of  refining  gold. 

The  pasty  sulphate  of  silver  obtained  in  the  iron  pots,  is  transferred  by  cast-iron  ladlea 
with  long  bandies  into  large  leaden  cisterns,  adjoining  the  pots,  and  there  diluted  with 
n  little  water  to  the  density  of  36^  Baume.  Into  this  liquor,  steam  is  admitted  through 
n  aeries  of  upright  leaden  pipes  arranjred  along  the  side  of  the  cistern,  which  speedily 
cnnees  ebullition,  and  dilutes  the  solution  eventually  to  the  22d  degree  of  fiaume.  In 
this  state,  the  liquid  supersulphate  is  run  off  by  leaden  syphons  into  large  oblons  leaden 
ebterns,  rounded  at  the  bottom ;  and  is  there  exposed  to  the  action  of  ribands  of  copper, 
13ce  thin  wood  shavings.    The  metallic  silver  precipitates  in  a  pasly  form ;  and  thn 
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•apernatant  tnlphate  of  copper  is  then  run  off  into  a  cistern,  upon  a  somewhat  lower  ]efi, 
where  it  is  left  to  settle  and  become  clear. 

The  precipitate  of  silver,  called  by  the  Enslish,  water-siWer,  and  by  the  French,  ekan 
d^argent,  is  drained,  then  slronsly  s^iueezed  in  a  square  box  of  cast-iron,  by  the  aetioBtf 
a  hydraulic  press ;  in  which  60  pounds  of  silver  are  operated  upon  at  onee. 

The  silver  lumps  are  dried,  melted  in  black  lead  crucibles,  in  a  fnmace  built  neartk 
silver  end  of  the  room,  where  the  superintendent  sits  in  his  bureau — a  closet  encloeeil  If 
glazed  casements,  like  a  green-house.  The  whole  course  of  the  operations  is  so  plaaae^ 
that  they  are  made  to  commence  near  the  centre  with  the  mixed  metals,  and  progrtam>- 
ly  approach  towards  the  office  end  of  the  apartment  as  the  parting  processes  advaaec 
Here  the  raw  material,  after  bein^  isrranulated  and  weighed,  was  given  oat,  and  here  Ike 
pure  gold  and  silver  are  finally  eliminated  in  a  separate  state. 

In  the  other  half  of  the  hall,  the  solutions  of  sulphate  of  copper  are  evaporald 
in  large  shallow  leaden  pans,  placed  over  a  range  of  furnaces;  from  which,  at  the  profff 
degree  of  concentration,  they  are  run  off  by  syphons  into  crystallizing  pans  of  the  mm 
metal.  From  the  mother- waters,  duly  evaporated,  a  second  crop  of  crystals  is  obCained; 
and  also  a  third,  the  la<«t  being  anhydrou«,  from  the  great  affinity  for  water  postened  )f 
the  strong  sulphuric  acid  with  which  they  are  now  surrounded.  The  acid  in  this  wiy 
parts  with  almost  the  whole  of  the  cupreous  oxyde,  and  is  then  transferred  into  a  laife 
alembic  of  platinum  (value  1000/.),  to  be  rendered  fit,  by  re-concentration,  for  acting apst 
fresh  portions  of  granulated  silver.  The  capital  of  that  alembic  is  eonaerted 
with  a  leaden  worm,  which  traverses  an  oblong  vessel,  through  which  a  stream  of  eali 
water  flows. 

The  crystallized  sulphate  of  copper  fetched,  two  years  ago,  30/.  a  ton.  It  is  almoital 
sold  to  the  grocers  in  the  towns  of  the  agricultural  districts  of  France.  In  the  ahofe  » 
tablishment  of  M.  Poizat,  silver  to  the  value  of  10,000/.  can  be  operated  upon  daOy. 

There  is  a  steam  engine  of  6-horse  power  placed  in  a  small  glazed  chamlMr  at  one  uk 
of  the  parting  hall,  which  serves  to  work  all  his  leaden  pumps  for  lifting  the  dilate  sd- 
phuric  acid  and  acidulous  solutions  of  copper  into  their  appropriate  cisterns  of  eosces- 
tration,  as  also  to  grind  his  old  crucibles,  and  drive  his  amalgamation  mill,  consisting  sf 
a  pair  of  vertical  round-edged  wheels,  working  upon  one  shaft,  in  a  groore  formed  roiai 
a  central  hemisphere— of  cast-iron.  After  the  mercury  has  dissolTed  oat  of  the  gnml 
eracibles  all  the  particles  of  silver  which  it  can  find,  the  residuary  earthy  matter  is  ssli 
to  the  sweep-washers.  The  floor  of  the  hall  around  the  alembics,  pots,  and  cistemf,  ii 
covered  with  an  iron  grating,  made  of  bars  having  one  of  their  angles  uppermost,  to  act 
as  scrapers  upon  the  shoes  of  the  operatives.  The  dust  collects  in  a  vacant  space  left 
beneath  the  grating,  whence  it  is  taken  to  the  amalgamation  mill.  The  processes  ait 
so  well  arranged  and  conducted  by  M.  Puizat,  that  he  can  execute  as  mach  basinessis 
his  establishment  with  10  workmen  as  is  elsewhere  done  with  from  40  to  50  ;  and  wtt 
less  than  3  strains  of  gold,  in  one  Paris  pound  or  7561  grains  of  silver,  he  can  defray  thi 
whole  expenses  of  the  parting  or  refining. 

Since  26  parts  of  copper  aflbrd  100  of  the  crystallized  sulphate,  the  tenth  of  eoppa 
present  in  the  dollars,  and  most  foreign  coins,  will  yield  nearly  four  times  its  weight  of 
blue  vitriol;  a  subsidiary  product  of  considerable  value  to  the  refiner. 

The  works  of  M.  Poizat  are  so  judiciously  fitted  up  as  to  be  quite  salabrioos,  and  have 
not  those  "  very  mischievous  effects  upon  the  trachea,^^  which  Mr.  Matheson  slates  ss 
bemg  common  in  his  refinery  works  in  the  Royal  Mint.*  But,  in  fact,  as  refining  If 
sulphurie  acid  is  always  a  nuisance  to  a  neighborhood,  it  is  not  suffered  in  the  Mmmtk 
RpyaU  of  Paris ;  but  is  best  and  most  economically  performed  by  private  enterprise  ani 
fiur  competition,  which  is  impossible  in  London,  on  account  of  the  anomaloas  privilege, 
worth  at  least  ^0/.  a  year,  possessed  by  Mr.  Matheson,  who  works  most  extensivdy 
for  private  profit  on  a  public  plant,  fitted  up  with  a  lof\y  chimney^platinum  TCMNdsto 
the  value  of  3000/.,  and  other  apparatus,  at  the  cost  of  the  government.  His  charge  to 
the  crown  for  refining  gold  per  lb.  troy,  is  6«.  6^. ;  that  of  the  refiners  in  London,  whs 
are  obliged,  for  fear  of  prosecution,  to  employ  the  more  expensive,  but  more  condensable^ 
nitric  acid,  is  only  4t.  That  of  the  Parisian  refiners  is  regulated  as  follows.  For  the 
dealers  in  the  precious  metals  :  — 

For  gold  bullion  containing  silver,  and  more  than  A^^  of  gold,  6  fV.  12  e.  per  kfls> 
gramme,  =  2  fr.  29  c.  per  lb.  troy. 

For  silver  bullion,  containing  from  ^  i^  to  ^^^  of  gold  (called  dorit)^  3  fr.  27e. 
per  kilogramme,  =  1  fr.  22  c.  per  lb.  troy. 

For  the  Monnaie^  the  charges  arc — 

For  gold  refined  by  sulphuric  acid,  when  alloyed  with  copper  only,  from  8g"  to  *JU^ 
5  fr.  per  kiloeramme,  =  1  fr.  86  c.  per  lb.  troy. 

For  gold  alloyed  with  copper  and  silver,  whatever  be  the  quantity  of  sUver,  5  fr.  75  c 
per  kilogramme,  =  2  fr.  12  c.  per  lb.  troy. 

*  Ropott  of  ComnittM  of  Hoom  of  Cooudobs  ob  the  Mint,  ia  16S7,  p.  91. 
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are  about  ten  bullion  refiners  by  sulphnric  acid  in  the  enTirons  of  Paris ;  two  of 
.  Puizat  St.  Andre,  and  M.  Chauvi^re,  are  by  far  the  mo«t  considerable ;  the 
irking  about  300  kilogrammes  (  =  804  lbs.  troy)  daily,  and  the  latter  about  two 
that  quantity.  In  former  times,  when  competition  was  open  in  London,  Messrs* 
md  Brinde  were  wont  to  treat  6  cwts.  of  silver,  or  9  cwts.  of  gokl  alloy,  daily, 
il  months  in  succession. 

suit  of  frtt  trade  in  refining  bullion  at  Paris  is,  that  the  silver  bars  imported 
Ion  from  South  America,  &.c.,  are  mostly  sent  off  to  Paris  to  be  stripped  of  the 
18  of  gold  which  they  may  contain,  and  are  then  brought  back  to  be  sold  here, 
-ains  of  gold  in  one  Paris  lb.  of  silver,  pay  the  refiners  there  for  taking  them 
lat  a  disgrace  is  thus  brought  upon  our  manufacturing  industry  and  skill,  by 
ipoly  charges  in  refining  and  assaying  granted  to  two  individuals  in  our  Royid 


[ngley's  charges  for  assaying  at  the  Royal  Mint  in  London, 

assay  of  gold,  4«. ;  for  a  parting  assay  of  gold  and  silver,  6«. ;  for  a  silver  assay, 
charges  which  absorb  the  profits  of  many  a  transaction. 

barges  at  the  Royal  Mint  of  Paris,  for  assays  made  under  the  following  distin* 
Jiemical  savanit — Darcet,  Directeur ;  Bryant,  VerificateMf  j  Chevillot  and  Pelooze, 
'*;  are — 
.  assay  of  gold,  or  dore  (a  parting  assay),  3  francs. 

—        silver  —  —         0-  80  c.  =  M.  English, 

y  Lussac  is  the  assayer  of  the  Bureau  de  Garantie  at  the  Mownaie  RoyaJe,  an 
lich  corresponds  to  the  Goldsmiths'  Hall  at  London.  The  silver  assays  in  all 
al  establishments  of  Europe,  except  the  two  in  London,  are  made  by  the  humid 
and  are  free  from  those  errors  and  blunders  which  daily  annoy  and  despoil  the 
uUion  merchant,  who  is  compelled  by  the  Mint  and  Bank  of  England  to  buy  and 
le  cupcllaiion  assay  of  Mr.  Bingley.  See  Assay  and  Silver. 
IGERATION  OF  WORTS,  k^.      In  August,  1826,  Mr.  YandaU  obtained 

for  an  apparatus  designed  for  cooling  worts  and  other  hot  fluids,  without 

them  to  evaporation.  Utensils  employed  for  this  purpose,  are  generally  called 
tors,  and  are  so  constructed,  that  a  quantity  of  cold  water  shaU  be  brought  in 
tvith  the  vessel  which  contains  the  heated  fluid.  But  in  every  construction  of 
tor  heretofore  used,  the  quantity  of  cold  water  necessarily  employed  in  the 
i,  greatly  exceeded  the  quantity  of  the  fluid  cooled,  which,  in  some  situations, 
ater  cannot  be  readily  obtained,  was  a  serious  impediment  and  objection  to  the 
ich  apparatus. 

iventor  has  contrived  a  mode  of  constructing  a  refrigerator,  so  that  any  quantity 
>r  other  hot  fluid  may  be  cooled  by  an  equal  quantity  of  cool  water ;  the  process 
I  formed  with  great  expedition,  simply  by  passing  the  two  fluids  through  very  nar* 
»iges,  in  opposite  directions,  the  result  of  which  is,  that  the  cold  liquor  imbibes 
from  the  wort,  or  other  fluid,  and  the  temperature  of  the  hot  fluid  is  reduced  in 
i  ratio. 

932,  933,  and  934  represent  diflerent  forms  in  which  the  apparatus  is  proposed  to 
.    The  two  first  have  zigzag  passages ;  the  third,  channels  running  in  convolute 

These  channels  or  passages  are  of  very  small  capacity  in  thickness,  but  of  great 
ind  of  any  breadth  that  may  be  required,  according  to  the  quantity  of  fluid  in- 
0  be  cooled  or  heated. 

^5  is  the  section  of  a  portion  of  the  apparatus  shown  at  flgt*  932  and  $33  npon 
ged  scale ;  it  is  made  by  connecting  three  sheets  of  copper  or  any  other  thin  me- 
ites  together,  leaving  parallel  spaces  between  each  plate  for  the  passage  of  the 
^presented  by  the  black  lines. 

!  spaces  are  formed  by  #ccasionalIy  introducing  between  the  plates  thin  straps, 
portions  of  metal,  by  which  means  very  thin  channels  are  produced,  and  through 
annels  the  fluids  are  intended  to  be  passed,  the  cold  liquor  running  in  one  direc- 
i  the  hot  in  the  reverse  direction. 

isin?  that  the  passages  for  the  fluids  are  each  one  eighth  of  an  inch  thick,  then 
re  length  for  the  run  of  the  fluid  should  be  about  80  feet,  the  breadth  of  the  ap- 
being  made  according  to  the  quantity  of  fluid  intended  to  be  passed  through  it  in 
time.  If  the  channels  are  made  a  quarter  of  an  inch  thick,  then  their  length 
»e  extended  to  160  feet;  and  any  other  dimensions  in  similar  proportions;  but  a 
hannel  than  one  quarter  of  an  inch,  the  patentee  considers  would  be  objectionable, 
wever,  to  be  observed,  that  the  length  here  recommended,  is  under  the  considera- 
it  the  fluids  are  driven  through  the  apparatus  by  some  degree  of  hydrostatic  pret- 
m  a  head  in  the  delivery-vats  above ;  but  if  the  fluids  flow  without  pressure,  thea 
;ths  of  the  passages  need  not  be  quite  so  great. 
le  apparatus  constructed  as  shown  in  perspective  at  fig.  932,  and  futlier 
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■ndopcd  hj  Ihe  MCtioa,  fi$.  935,  coU  wmtn 


..  _.  to  be  Intraddced  at  tbe  find  4  I 
vhenee  U  pmmtM  dowa  Ike  pipe  1^  ■! 
IbroDiEh  a  loog  ilit  or  openiDS  in  ihc  all 
of  the  pipe,  into  the  i»wff  r,e  (wej^ 
939),  bdweeB  the  plala,  vbov  u  Bow 
in  ■  horisntal  direclkNi  thraogk  Ik 
ctwnel  lowanb  tbe  discharge-pipe  i 
When  iBch  a  qaaatitr  oT  cold  vaia  hM 
pasaed  Ibroofh  the  fiunel  a,  a*  d«D  h«M 
filled  ihe  ehwuel  e,  e,  np  to  the  Wdrf 
the  top  cflhe  aptwrUo^  the  eodi  <  braf 
ihat,  then  the  Inl  wort  or  Uqaor  inlaid 
lo  be  cooled,  mar  ^  inirodaccd  tl  da 
ninnel/,  ud  which,  deaccndinf  ii  Ik 
pipe  g,  pauel  in  a  aimilar  manna  ta  Ik 
fonner,  ibroash  a  loag  alit  or  opeaiaR  > 
the  side  dT  the  iHpe  g,  i«to  the  nirsid 
pssuge  A,  Ik  (*eej1g.  93S),  and  frao  ibcMt 
proceed!  boriMDlallj  into  the  ''ttl*"!'- 
pipe  i. 
^^  I'he  tvo  cocki   (  and   k,  heaf  mm 

i,  the  wort  or  other  liqnor  is  drawn  otT,  or  otherwiie  eondncled  «waT  Ihrooil  ik 
CDCli  k,  and  Ihe  water  Ihroa^h  c.  ir  Ihe  apertures  of  Ihe  two  cocks  t  and  k  are  eqa^ 
■nd  the  channels  equal  also,  it  bllows  that  Ihe  same  qoaniitT  oT  wort,  Jlc^  winia* 
Ihroogh  the  channel  h,h,h,  in  a  given  lime,  as  of  water  throng  Ihe  channel  i:,e;udkl 
the  hot  flaid  passinf!  throofh  Ihe  apertures  in  canlact  wKh  the  side  of  the  ebaoBel  wkd 
conliins  the  cold  fluid,  the  heal  becomes  abstracted  fhm  the  former,  and  cammaaicaled  ts 
the  Isller  1  and  as  the  hot  fluid  enters  tlie  apparatus  at  that  part  wbieb  i>  in  inuMdnU 
contact  with  the  part  where  the  eootin;  fluid  is  diseharf;ed,  and  the  cold  Bnid  eaientk 
■pparalas  at  that  pan  where  Ihe  wort  11  diMharged,  the  conteqacikce  is,  that  Ihc  itikIs 
Bther  hot  liqnor  becomra  cooled  down  towards  iu  eiit-pipr  nearly  lo  Ihe  tempcntnit  cl 
cold  water  \  and  the  temperature  of  Ihe  water,  at  the  reverse  end  of  the  apitanlDi,  t» 
cooel  raised  nearlj  lo  that  of  the  boiling  wort. 

It  only  remains  lu  observe,  that  hj  partially  cloria^  either  of  the  exit-codni,  the'qN» 
thr  of  heal  abstraetcd  from  one  fluid,  and  communictiled  to  the  other,  mar  be  n     '  ' 
for  instance,  if  the  mcli  t  of  the  water-passage  be  partially  closed,  so  as  to  dim 
qnanlilj  of  cold  water  passed  through  the  apparalus,  the  wort  or  other  hot  Said  ci 
throagh  the  ulher  passages  will   t>e  discharged  at  a  higher  lemperalBrc,  which  ia  MM 
aaaes  will  be  desirable,  when  Ihe  refrigerated  liquor  is  to  be  fermeDled. 

Fig.  933  eihibits  an  apparalas  preeisel;  similar  to  the  foregoinft,  bat  difTcrest  ia  iU 
■-■-■-  af[,  ,„  jtaie  in  obliqneir  deseelHling  plana. 

a  is  the  runnel  for  Ihe  hot  liqaor,  whence  it 
descends  through  the  pipe  d  into  the  ehaaid 
e,  c  (see  Jig.  930),  and  nltimatelr  ia  discharfed 
through  the  pipe  b,  at  the  cock  c.  The  niU 
water  bring  introduced  into  the  fannel  /,  aid 
passing  down  Ihe  pipe  1,  eaten  Ihe  tU»( 
channel  k,  h,  and,  riring  Ihroogh  iheL  ■ppaiala^ 
rans  off  by  the  pipe  g ,  and  is  discharged  at  the 

The  paasaaes  of  this  appvatni  for  heiiisf 
and  cootinK  fluids,  na;  be  bent  into  tarioai 
coDlorted  Sgnrea  I  one  form  liwnd  particolarlj 
convenient  nnder  scnne  appIiealioD*,  is  that 
represented  at  Jig.  934,  which  i*  contaiaed 
in  a  cylindrical  case.  The  panares  here  rai 
in  coDvolale  cuves,  Ihe  one  winding  ia  • 
spiral  to  the  centre,  the  otlict  lecedinf;  fiom  Ihe 

The  wort  or  other  bot  liqaor  intended  » 
be  cooled,  is  to  be  introduced  at  the  fnand^ 
and  pauini:  down  the  pipc  '■  '*  delivered  iali 
the  open  pasnie  c,  which  winds  round  to  tha 
central  chamber  i,  and  is  tbeaoe  diaeha/gad 
through  the  pipe  c,  at  the  cock  /.  Tbe  eaU 
vaier  eaters  the  apparatss  at  the  fannel  f, 
aad  pneecdini  down  Ihe  pipe  k,  eaten  the 
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rtmit  diannd  i,  iiui  ■fter  travereli^  round  Ihrongli  the  appBralns,  is  in  lilie  maDns 
"  ~  '  Ihjough  the  pipe  k,  M  the  cock  J.  Or  the  hoi  liquor  may  be  parsed  Ihtou^h 
the  ckaed  cbsanel,  and  the  cotd  thran|ih 
the  open  one ;  or  these  chambetg  may  be 
both  of  Ihem  open  at  top,  and  the  ap- 
paralm  earered  hj  a  lid  when  at  work, 
the  priaeipal  dedgn  of  which  is  to  nflbrd 
the  conTcnienee  or  cinnini  Ihem  more 
readily  thaa  eoold  be  done  if  Ihey  were 
dtned  i  or  Ihej  may  be  both  closed, 

A  similar  ingenioni  apparatus  for  cool- 
ing brewer's  worts,  or  wash  for  dislillora, 
and  also  for  condensing  spirits,  in  place 
\  of  tfae  ordinary  worm  tab,  is  eatlod  by 
"     inTcnlor,  Mr.  Wheeler,  an  Archi- 
le*  condenser,  or  refrigrnkir,  the  pe- 
'    cnliar  norelty  oT  which  coosisli  in  form, 
iiui  (be  cbnmber*  for  the  passage  of  the 
fiuids  in  spiral  channels,  winding  round 
a  central   lube,   Ihrongh  which   spiral 
channels  the  hot  and  cold  fluids  are  to  be 
passed  in  opposite  diiections. 
i   reprcspnlF  Ihe  nternnl  nppcimnoe  of  the  refrigerator,  enclosed   in  a  Cylin- 
!  i  fig.  937,  the  same,  one  half  of  the  esse  being  removed  lo  show  the  Ions 
HDK  of  the   apparatus    wilbin  t    and  fig.  938,  a 

ffd   section  cnt  throngh  the  middle  of  the  appa> 
*^g   ralus    perpendieularl)',   for   the    purpose   of 
displaying  the  internal  figure  of  the  spiral 
cbanneli. 

The  apparatus  is  proposed  to  be  made  of 
sheet  copper,  tinned  on  itt  surface,  and   i* 
formed  by  cntting  circulnr  pieces  of  thin  cop- 
per, or  segments  of  circles,  and  connecting 
n  together  by  rivets,  solder,  or  by  any  other  convenient  mean*,  as  coppersmiths  usu. 
dot  these  circular  pieces  of  copper  being  onited  lo  one  anolber,  in  the  way  of  a  spiral 


tnflgi.  937  and  938,  a,  a,  it  the  central  nbe  or  standard  foC  any  diameter  that  roar 
br  (band  convenient),  round  which  Itie  spiral  ehamben  ara  to  be  famed ;  b,  b,  are  the 
aides  of  the  outer  case,  to  which  the  edge*  of  the  spiral  At  closely,  but  need  not  be 
attached ;  e,  c,  are  two  of  (he  circular  plates  of  copper,  connected  tt^elher  by  rivels  at 
the  edges,  in  the  manner  shown,  or  by  any  other  suitable  toeans;  ^  is  the  chamber, 
fbnaed  by  the  two  sheets  of  copper,  and  which  is  carried  round  from  top  to  bottom  in  a 
(pinJ  or  ciitslar  indiaed  ptan^  by  a  auccettioa  of  circular  plates  connected  lo  each 


The  hot  fluid 


Ibe  ipiral  chamter  d,  Quvagh  ■  titrBpcl  v  irib 
noullied  tabe  t,  at  lom  iti't 
dUcharged  at  boiwo  br  h 
aperture  and  cock  /.  Th  oU 
watrt  which  n  to  br  ta^tii 
a>  the  eooIioK  materii],  it  b  k 
inlrodnced  IhroiDth  the  ppe  ^ 
in  tbc  centre,  fmoi  whtott  fr 
chargiD^  itieir  hj  a  hole  a  hi 
torn,  the  cold  water  ocoft. 
the  interior  of  the  qliWid 
e«M  fr,  and  me*  in  tk  «M 
panage  k,  belweea  tbt  c«k  rf 
the  ehnaiber,  until  it  astn^a 
the  top  of  the  veinel,  imI  Ital 
flowi  awar  bjr  a  anoal  i,  a 
fig.  936. 

It  will  be  pereeind  iktf  li 
hot  fluid  enten  Ibe  ipp 
■t  lop,  and  the  cold  ■■ 
boIiDn],  passing  each  Mher,  t; 
mrans  of  which  an  iDlenT 
of  temperature*  takei 
through  the  plaica  of  o.,-, 
the  cooling  fluid  panine  itf  ' 
lop  in  a  heated  Male,  bj  imm 
of  the  caloric  which  it  ka  ik 
tiraeied  from  the  hot  floid;  at 
the  hot  fluid  paising  off  [knql 
the  pipe  and  cock  at  holU^  b 
a  Tery  reduced  Mate  of  loqa- 
tare,  bf  reaH>D  of  the  oilm 
vhich  It  held  havia^i  ben  pa 
out  lo  the  cooling  floid. 


w  rroin  abore.   Hi 


Fif,   ! 
mtiOD  of  Wnftenmann'i  ipparatDi  for  cooling  worts ) /;.  940,  a  v 
precedint  eonirivancea  feem  10  be  fur  preferahtp. 

o,  0,  i!  the  tub  for  fFcoivinn  the  apraraluf,  whose  cenlral  oprishl  shafl  A,  rest*  npcat 
Mep  r,  in  Ihe  bollom,  and  revolves  Mt  lop  in  n  bu-h  al  d,  made  fast  lo  a  iwr  i,  Biti  tt 
atross  the  moulh  of  the  tub.  The  shaft  may  be  driven  by  the  two  be»el  «hec!i/,/,rt 
right  Bni;U'!  to  each  other,  nnd  Ihe  horizonlal  rod  lumrd  by  hand  j  or  the  whole  B»j  k 
impelled  by  any  power,  g,  it  on  iron  basin  for  receiving  the  cold  water  from  the  ffoit 
k,  supphed  by  a  well;  it  flovs  oiil  of  Ihe  basin  Ihrooch  two  lubes  it,  down  inio  the  Idwo 
part  of  Ihe  cooler  fefc.  The  cooler  consists  of  Iwo  llnl  Te«scls,  both  of  which  are  fornrf 
of  a  flul  interior  plate,  Bad  an  arched  eilerior  one,  no  Ihal  their  iransvene  wction  is  plaa»- 
convex.  The  water  which  flows  along  ihe  tubes  i  i,  spread*  itself  upon  Ihe  bollom  oTlk 
cooler,  and  then  rises  Ihrou^ih  Ihe  scabbard-shaped  lubes  1 1,  Sit.,  inio  the  upper  aoaaht 
vessel  m  m  ;  whence  it  is  ureed  by  hyclniflntic  pressure,  in  a  now  heated  state,  threap 
IheslnnlinB  Inbei  n  a,  which  terminate  in  Ihccommon  pipe  o,  of  the  annular  hatin^ft 
and  is  Ihencc  dischnricd  b;  the  pijie  g.  The  basin  }i  p,  is  supported  by  the  Iwo  beu<R 
T,  made  fast  lo  Ihe  cross-beam  r.  Tliere  is  in  the  lowesl  part  of  Ihe  hollow  rinc  at  hi- 
torn,  a  screw  pluc,  which  may  be  opened  when  it  is  deiired  lo  discharge  the  wh<^  na- 
tenis,  and  to  wash  il  with  n  stream  of  water. 

HKGUI.US  is  a  term  inlroJucoil  by  Ihe  nlcliemisls,  nr)w 
literally  a  lillle  king,  ond  refers  lo  the  melallic  stole  as  ont 
Ihe  native  earlhy  condition.  Antimony  is  the  only  metal  n 
reculus. 

RESINS  {Kfihitt,  Fr. ;  Uartt,  Germ.),  are  proximate  principles  found  in  imm  nfS- 
tablet,  and  in  nimosi  every  gnrt  uflhcm  :  but  the  only  resins  which  merit  a  parlicDlarde- 
•criplioo,  arc  those  which  occur  naiurolly  in  such  quanliiiec  as  lo  he  eafily  coUeeiedw 
extracted.  Thry  ore  obtained  chiefiy  in  two  ways,  either  by  sponisneous  exudation  Ata 
the  plants,  or  hy  extraction  by  heal  and  alcohol.  In  Ihe  finl  case,  ibe  ditcharge  of  nsia 
in  liie  liquid  stale  is  somelinies  promoted  by  artificial  incisions  made  in  aommer  throng 
the  bark  into  Ihe  wood  of  the  tree. 

Resins  pocsess  the  following  general  properties ;— They  are  soluble  in  alcohol,  ia- 
■oluble  in  water,  and  melt  by  ihe  application  of  heal,  but  do  nol  volaliljie  witfaoat 
partial  decomposition.    They  have  rarely  a  crysialUne  Etnicture,  bul,  like  stuaa,  IkV 


icarly  obsolete.  It  bmh 
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s^om  affect  any  peculiar  form.  They  are  almoeC  all  translocid,  not  often  co)orletS| 
but  generally  brown,  occasionally  red  or  green.  Any  remarkable  taste  or  smell  which 
Ibey  sometimes  possess,  may  be  ascribed  to  some  foreign  matter,  commonly  an  essential 
oil.  Their  specific  gravity  varies  from  0*92  to  1-2.  Their  consistence  is  also  very 
▼mriable.  The  greater  part  are  hard,  with  a  vitreous  fracture,  and  so  brittle  as  to  be 
readily  pulverized  in  the  coal.  Some  of  them  are  soft,  a  circumstance  probably  de> 
pendant  upon  the  presence  of  a  heterogeneous  substance.  The  hard  resins  do  not 
conduct  electricity,  and  they  become  negatively  electrical  by  friction.  When  heated, 
they  melt  more  or  less  easily  into  a  thick  viscid  liquid,  and  concrete,  on  cooling,  into  a 
smooth  shining  mass,  of  a  vitreous  fracture>  which  occasionally  flies  off  into  pieces,  like 
Prince  Rupert's  drops;  especially  after  being  quickly  cooled,  and  scratched  with  a 
abarp  point.  They  take  fire  by  contact  of  an  ignited  body,  and  bum  with  a  bright 
flame,  and  the  diffusion  of  much  sooty  smoke.  When  distilled  by  themselves  in  close 
vessels,  they  afford  carbonic  acid  and  carbureted  gases,  empyreumatic  oil  of  a  less 
disagreeable  smell  than  that  emitted  by  other  such  oils,  a  little  acidulous  water,  and  a  very 
little  shining  charcoal.    See  Rosik  Gas.  < 

Resins  are  insoluble  in  water,  but  dissolve  in  considerable  quantities  in  alcohol,  both 
hot  and  cold.  This  solution  reddens  tincture  of  litmus,  but  not  sirup  of  violets;  it  is 
decomposed  by  water,  and  a  milkiness  ensues,  out  of  which  the  particles  of  the  resin 
gradually  agglomerate.  In  this  state  it  contains  water,  so  as  to  be  soft,  and  easily 
kneaded  between  the  fingers;  but  it  beconies  hard  and  brittle  again  when  freed  by 
fusion  from  the  water.  The  resins  dissolve  in  ether  and  the  volatile  oils,  and,  with  the 
«id  of  heat,  combine  with  the  unctuous  oils.  They  may  be  combined  by  fusion  with 
sulphur,  and  with  a  little  phosphorus^  Chlorine  water  bleaches  several  colored  resins, 
if  they  be  diffused  in  a  milky  state  through  water.  The  carburet  of  sulphur  dissolvea 
them. 

Resins  are  little  acted  upon  by  acids,  except  by  the  nitric,  which  converts  them  into 
artificial  tan.  They  combine  readily  with  the  alkalis  and  alkaline  earths,  and  form  what 
were  formerly  reckoned  soaps :  but  the  resins  are  not  truly  saponified ;  they  rather  represent 
the  acid  constitution  themselves,  and,  as  such,  saturate  the  salifiable  bases. 

Every  resin  is  a  natural  mixture  of  several  other  resins,  as  is  the  case  also  with  oils ; 
one  principle  being  soluble  in  cold  alcohol,  another  in  hot,  a  third  in  ether,  a  fourth 
in  oil  of  turpentine,  a  fif\h  in  naptha,  &c.  The  soft  resins,  which  retain  a  certain 
portion  of  volatUe  oil,  constitute  what  are  called  balsams.  Certain  other  balsams  contain 
benzoic  acid.  The  solid  resins  are,  amber^  anime,  bensotn,  colophony  (common  rosin), 
copo/,  dammara,  drapmfs  bloody  tlemi,  gttaiac,  lac,  resin  ofjalapy  ladaimmy  mtuHcy  tandar" 
«dk,  ttorax,  takamcAac, 

RESIN,  KAURI  or  COWDEE,  is  a  new  and  very  peculiar  substance,  recently  im- 
ported in  considerable  quantities  from  New  Zealand,  which  promises  to  be  useful  in  the 
arts.  It  oozes  from  the  trunk  of  a  noble  tree  called  Dammara  atu/ra/u,  or  Pintu  kawriy 
which  rises  sometimes  to  the  height  of  90  feet  without  a  branch,  with  a  diameter  of  12  feet, 
and  furnishes  a  log  of  heart  timber  of  1 1  feet.  The  resin,  which  is  called  Cowdee  gum 
by  the  importers,  is  brought  to  us  in  pieces  varying  in  size  from  that  of  a  nutmeg  to  a 
block  of  2  or  3  cwts.  The  color  varies  from  milk-white  to  amber,  or  even  deep  brown ; 
tome  pieces  are  transparent  and  colorless.  In  hardness  it  is  intermediate  between  copal 
and  resin.  The  white  milky  pieces  are  somewhat  fragrant,  like  elemi.  Specific  gravity, 
1-04  to  1*06.  It  is  very  inflammable,  bums  all  away  with  a  clear  bright  flame,  but  does 
not  drop.  When  cautiously  fused,  it  concretes  into  a  transparent  hard  tough  mass,  like 
shellac.  It  affords  a  fine  varnish  with  alcohol,  being  harder  and  less  colored  than  mastic, 
while  it  IS  as  soluble,  and  may  be  had  probably  at  one  tenth  of  the  price.  A  solution  in 
aieohol,  mixed  with  one  fourth  of  its  bulk  of  a  solution  in  oil  of  turpentine,  forms  an 
excellent  varnish,  which  dries  quickly,  it  quite  colorless,  clear  and  hard.  It  is  insoluble 
in  pyro-acetic  (pyroxiiic  f )  spirit.  Combined  with  shellac  and  turpentine,  it  forms  a  good 
sealin?-wax. 

REVERBERATORY  FURNACE ;  see  Copper,  Iron,  and  Soda. 

RETORT.  For  producing  coal  gas,  there  are  many  modifications,  varying  in  dimension 
and  shape  with  the  caprice  of  the  constructor,  and  in  many  cases  without  any  definite  idea 
of  the  principle  to  be  aimed  at. 

They  may  be  divided  into  three  general  classes : 

1st.  The  circular  retort,  from  twelve  to  twenty  inches  in  diameter,  and  from  six  to 
nine  feet  in  length.  This  retort  is  used  in  Manchester  and  some  other  places,  in  gene> 
ral  for  the  distillation  of  cannel,  or  Scotch  parrot  coal.  It  answers  for  the  distillation 
of  a  coal  which  retains  its  form  in  lumps,  and  is  advantageous  only  from  the  facility 
with  which  its  position  is  changed,  when  partially  destroyed  by  the  action  of  fire  on  the 
imder  side. 

2d.  The  small  or  London  d  retort,  so  called  in  consequence  of  its  having  ibrst  been 
vMd  by  the  chartered  company  in  London,  being  still  in  use  at  their  works,  and  re- 
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commenJc'l  by  their  en^ine^ r.     Thi<  retort  in  12  inches  broad  on  the  base,  1 1  inches  highf 
and  7  feet  lon^,  carbonizing  one  and  a  half  lu  two  bushels  at  a  charge. 

3d.  The  York  d  retort,  (so  called  in  consequence  of  its  having  been  introdaced  bf 
Mr.  O'Jthit,  of  York,)  anl  the  m  )il:lii::)tions  oC  it,  amr»n^  which  I  should  include  the 
elliptic  retort,  as  haviny:  the  same  q«Mieral  pur|)0<5e  in  view.  The  ditTerence  between  the 
London  and  York  d  retorts,  coar^iits  only  in  an  extension  of  surface  upon  which  the  coal 
is  spread.     See  Gas-lujht. 

RHODIUM,  is  a  metal  discovrr'^.I  by  Dr.  Wolla*«ton  in  1S03,  in  the  ore  of  platinom. 
It  is  contained  to  the  amount  of  three  per  cent,  in  the  platinum  ore  of  Antioquia  if 
Colombia,  near  Barbacoas  ;  it  occurs  in  the  Ural  ore,  and,  alloyed  with  gold,  in  Mexico. 
The  palladium  having  been  precipitated  from  the  muriatic  solution  of  the  platinom  ore 
previously  saturated  with  soda,  by  the  cyanide  of  mercury,  muriatic  acid  is  to  be  poured 
into  the  residuary  liiuiil,  and  the  mixture  is  to  be  cva|M)roted  to  drj'ness,  to  expel  the 
hydrocyanic  acid,  and  couvprt  the  mcluliic  snlt5  into  chloiides.  The  dry  mass  is  to  be 
reduced  to  a  very  tine  pi>\vJi»r,  anJ  \v.'i>!i*».l  with  alcohol  of  specific  gravity  0*837.  This 
iplvcnt  takes  posses<io:i  of  tlie  (hnible  chl  i.  i  1  s  which  the  ;*odium  forms  with  the  plati- 
num, iridium,  copper,  and  moreury,  an  1  d'M'<  not  tlissolve  tlie  double  chloride  of  rhodiom 
and  godium,  but  leaves  it  in  the  form  of  a  pow  ior,  of  a  fine  dirk-ied  color.  Thi«  salt 
being  washed  with  alohol,  anl  tlicn  r\|M.Mi  to  a  very  strong  heat,  atfords  the  rhodiom. 
But  a  better  mode  of  relacini?  the  mrtil  njH«:i  !lit»  srn;*!!  scale,  consists  in  heating  thedoo* 
ble  chloride  ijenlly  in  a  'jjla^s  tube,  whih'  a  stream  of  liydn):;en  i>asses  over  it,  and  then  to 
wash  away  the  chloride  of  sodium  wifli  water. 

Rhodium  resembles  platinum  iii  appearance.  Any  heat  which  can  be  produced  in  t 
chemical  furnace  is  incapable  of  fu^:inlr  i( ;  and  flic  only  way  of  giving  it  cohesive  solid- 
ity, i«<  lo  calcine  the  sulphuret  or  arscniuiet  of  rhodium  in  an  oi>en  vessel  at  a  white 
heat,  till  all  the  sulphur  or  arsenic  be  expelled.  A  button  may  thus  be  obtained,  soia6* 
what  spongy,  havim::  the  color  and  lustre  of  silver.  According  to  Wollaston,  the 
specific  qravity  of  rhodium  is  J 1.  It  is  insoluble  by  itself  in  any  acid  ;  but  when  an 
alloy  of  it  with  certain  metals,  as  platinum,  copper,  bismuth,  or  lead,  is  treated  with 
aqua  reqia,  the  rhodium  dissfdvcs  aloni;  with  the  other  metals;  bat  when  alloyed  with 
gold  or  silver  it  will  not  di-^solve  aloac;  with  them.  It  may,  however,  be  rendered  very 
soluble  by  mixing  it  in  the  state  of  a  fine  powJtT  with  chloride  of  potassium  or  sodium, 
and  heatinj^  the  mixture  lo  a  dull-re<l  heat,  in  a  stream  of  chlorine  gas.  It  thus  forms  a 
triple  salt,  very  soluble  in  water.  The  solutions  of  rhodium  are  of  a  beautifal  rose  color, 
whence  its  name.  In  the  dry  way,  it  dissolves  by  heat  in  bisulphate  of  potassa;  aod 
disenuagcs  sulphurous  acid  ?as  in  the  act  of  solution.  There  are  two  oxydes  of  rhodiam. 
Rhodium  com'oiacs  with  almost  all  the  m<"l  ils;  and,  in  small  (piautity,  melted  with  sted, 
it  has  been  stipiuised  to  improve  the  hanlness,  closeness,  and  toughness  of  this  metaL 
Its  chief  use  at  present  is  for  makincr  the  inalterable  nibs  of  the  so-named  rhodium  pens- 
RIBAND  MANUKACTURK,  is  a  modiiicaiion  of  W'f.aving,  which  see. 
RICE,  of  Carolina,  analyzed  by  Braconnot.  was  found  to  be  composed  of  starch 
85-07,  of  gluten  3*C0,  of  qurn  ()-71,  of  uncrysialliiKible  sucarO*2i),  of  a  colorless  rancid 
fat  like  suet  0*13,  of  vegetable  fibre  4-8,  of  sails  with  potash  and  lime  bases  0-4,  and  5*0 
of  water. 
The  quantity  of  rice  entered  for  home  consumption  in  the  vear  1836,  was— 

Cwts.         81,«il0.  In'l837, 126,739. 

Ditto  in  the  husk,  Bushels  2!I2,4  \  1.  282,:i77. 

Rice  Papery  as  it  is  called,  on  which  the  Chinese  and  Hindf»os  paint  flowers  so  prettily^ 
is  a  membrane  of  the  bread-fruit  tree,  ihdrlocarpns  incisifolia  of  naturalists. 

RICE  CLIMAXING.  Various  macliines  have  been  contrivwi  for  cflfecting  this 
purpose,  of  which  the  following,  secured  by  patent  to  JNIr.  Melvil  Wilson,  in  1826,  may 
be  regarded  as  a  good  specimen.  It  consists  of  an  oblong  hollow  cylinder,  laid  in  aa 
inclined  iwsition,  having  a  great  many  teeth  stuck  in  its  internal  surface,  nod  a  central 
shaft  also  furnished  with  teeth.  By  the  ra|)id  rev(dution  of  the  shaft,  its  teeth  are  carried 
across  the  intervals  of  those  of  the  cylinder  with  the  effect  of  parting  the  grains  of  rice, 
and  detaching  whatever  husks  or  impurities  may  adhere  lo  them.  A  hopper  is  set  above 
to  receive  the  rice,  and  conduct  it  down  into  the  cleansing  cylinder. 

About  80  teeth  are  supposed  to  be  set  in  the  cylinder,  projecting  so  as  to  reach  very 
nearly  the  central  shaft ;  in  which  there  is  a  corresponding  number  of  teeth,  that  pass  freely 
between  the  former. 

The  cylinder  is  shown  inclined  in  the  figure  which  accompanies  the  sjyecificatioa; 
but  it  may  be  placed  also  upright  or  horizontal,  and  may  be  mounted  in  any  conve- 
nient frame-work.  The  central  shaft  should  be  put  in  rapid  rotation,  while  the  cylinder 
receives  a  slow  motion  in  the  opposite  direction.  The  rice,  as  cleaned  by  that  actioiiy 
is  discharged  at  the  lower  end  of  the  cylinder,  where  it  falls  into  a  shute  (shoot),  and 
is  conducted  to  the  ground.  The  machine  may  be  driven  by  hand,  or  by  any  other  ooi- 
reoient  power. 
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LE;  see  FiRE-AKHS. 

SING    MaCHINK    ia   o 

ne    of    Ihow 

miiin;  labor,  and  securing 

uniformilT  of 

Rice  CDisi^tt  ehieUr  of  starch,  kdJ  Iheicfore  cinnot  b;  ilself  make  a  preper  bmd.  It 
M  nsed  in  Ihe  cotlun  faclnrirs  to  foim  Tccarcrs'  dteisinKB  for  waipt.  The  Chinne  reduoe 
lU  floiir  into  a  riif])  with  hot  water,  and  mould  it  into  G:ture9  and  platec,  which  the;  Hder.  ■; 
VBrd*  harden,  and  ornament  with  eniravjnzK,  rcicmbling  IhoMof  mother-of-pearl.  WhM 
a  decoction  ofiiee  is  rermenled  and  diililled,  it  aflbrdsthe  sort  of  ardent  ipitit  called  irrracJr 
in  the  East  Indies. 

n,  now  so  coniDion  in  the  rartorie* 
Fig.  941  is  a  lon^iladinnl  middle 
section  of  an  approved  mechanism  for  rinsing  piecei 
or  calico  dfed  with  spirit  or  ToncT  colors,  and 
which  require  more  delicate  treatment  than  is  com- 
ralililc  with  hand-na^hin;.  A,  e,  f,  b,  is  a  wooden 
ri-lorn,  about  12  feel  tonp,  4  IvgI  liieh  at  one  end, 
3  fi  ul   Rt    the  other,  and  of  the  ordinary  wiilth  of 

of  rqoal  ct'mpartmcnls  by  partitions,  decreasinfi  in 
hpiiihl  fnim  the  upper  to  the  lower  end,  the  top  of 
each  (if  them,  however,  btin^  an  inch  at  lenst  nnder 
the  lop  of  the  enclo^inz  eiile  at  its  liue  of  jDnclioD, 
Abiivc  the  hixhesl  end  of  the  trouih,  a  pair  of 
squwzinz  rollers  is  mounted  at  ■ ;  the  lower  one 
having  a  jiutlej  upon  the  end  of  its  tk»Ct,  for  turs- 
in^  it,  bj  mean<:  of  a  band  from  one  of  the  driving- 
shalls  of  the  factory ;  and  the  upper  one  is  pressed 
down  upon  it  by  wciehtcd  lecers  acting  on  the  endt 
of  its  axis.  The  roller  above  the  second  hiehett 
partition  ha«  also  a  pair  of  tqueeiiDR  roUen,  with  ■ 
weighled  lever  n.  The  pieces  of  clolh,  ttitchcd 
endwise,  beinz  laid  upon  a  platform  to  the  right 
hand  of  the  ci.'icm,  are  introduced  over  the  roUer 
A,  jiossed  down  under  the  roller  beneath  it,  and  to 
up  and  down  in  ■  serpent-like  palb,  from  the  loweM 
compartment  of  the  cistern  to  the  uppermoM,  beinf 
drawn  throuih  the  scries  bjr  the  traction  of  tto 
rotatory  roller  at  b.  \\  hile  the  long  vrb  is  (boa 
proceedinfl  upwards  from  A  lo  B,  a  stream  of  porn 
water  ia  made  to  flow  nlon;  in  [he  opposite  direclioa 
from  n  to  A,  running  over  the  top  of  each  partition 
in  n  thin  sheet.  Br  thii  eoDtrivance,  the  gooda 
which  enter  al  *,  Ijavine  niuch  loose  Color  npoa 
iinprrirnate  Ihe  water  sCronlly,  bM 
■  uBily  net  cleaned  by  the 
and  pressure  of  the  successire  roller*, 
beini;  exposed  to  purer  water,  till  at  laH  iher 
nach  the  limpid  stream,  and  are  dischaiged  al  ■ 
ijt  npcralion  may  be  modified  by  van'ing  the  quantity  of  wm- 
dtswn  through  the  cell),  or  the  pnHDTB 


I    J    their   surface,   iinprMrni 
—J        a»  they  advance  they  c< 

"  ifnmeTKLon.    nnd     nrpssttri 


perfeetly  bright.  The 
tar  adinillcd,  the  speed 
■pon  tlir  series  of  top  rollers. 

ROCKETS.  M.  lie  Montgery,  captain  of  a  frinte  in  the  French  service,  hag  wrJttM 
•  TruiVr  inr  Iti  Fui-'ea  de  Gutrrt,  in  which  he  diKosnes  the  merits  of  the  Congreve  roek- 
«1b,  and  describes  methods  of  iinitalinK  them.  As  the  snbjecl  of  military  projectiles  it 
fereign  to  this  Dielionar^',  I  refer  my  renders  to  the  above  work,  which  is  conuDended  \q 
Uie  eililor  of  the  Dictioanain  TtJmoIogiqut. 

BOI,L[.\G-MILL.    Sec  Uom,  ftlrNT,  and  Plated  MANErAcTOBi, 

KOPI':-MAKI.VG.  The  fibres  of  hemp  which  compote  a  rope,  seldom  ejceed  in  le^lh 
three  feet  and  a  half,  at  an  average.  They  must,  therefore,  be  twined  together  so  ■■  to 
vnilc  Ibrm  into  oncj  and  this  uniun  is  dTcctal  by  the  mutual  circumtorsion  of  the  two 
fibres.  If  the  compression  thereby  prudaced  be  too  great,  the  strength  of  the  fibres  at  the 
points  where  they  join  will  bedimini'-hFd;  so  that  it  becomes  a  matter  of  great  cooseqneDce 
t»  give  them  only  sueh  a  di^ree  of  twist  as  i*  easenliol  to  their  nnioii. 

The  lir>l  ]>ait  of  Ihe  process  of  rope-making  hy  hand,  is  that  of  spionin;  the  yams  at 
threads,  which  is  done  in  a  manner  analogons  to  that  of  ordinary  spinning.  The  spin- 
ner carries  a  bundle  erf"  dressed  hemp  round  his  waist ;  Ihe  two  ends  of  Ihe  bundlG  bein^ 
BMCmbled  in  front.  Having  drawn  out  a  pn^r  nsmber  of  fibres  with  his  hand,  he 
twifti  them  with  hit  fingeti,  and  Gziag  thii  twttlcd  put  to  the  book  of  n  whiri,  whitk 


.*%■ 


1076  ROP&MAXING. 

is  driYen  by  a  wheel  pat  ia  motion  by  an  assistant,  he  walks  backwards  dkywn  the  rope- 
walk,  the  twisted  part  always  serving  to  draw  out  more  fibres  from  tbe  handle  raui 
his  waist,  as  in  the  flax-spinning  wheel.  The  spinner  takes  care  that  these  fibres  aie 
equably  supplied,  and  that  they  always  enter  the  twisted  parts  by  their  ends,  and  never 
by  their  middle.  As  soon  as  he  has  reached  the  termination  of  the  walk,  a  second  qns- 
ner  takes  the  yam  off  the  whirl,  and  gives  it  to  another  person  to  pat  apon  a  reel,  wUk 
he  himself  attaches  his  own  hemp  to  the  whirl  hook,  and  proceeds  dowa  the  walk.  Whci 
the  person  at  the  reel  begins  to  turn,  the  first  spinner,  who  has  completed  his  yani,  hoUs 
it  firmly  at  the  end,  and  advances  slowly  up  the  walk,  while  the  leel  is  torniagy  keepiif 
it  equally  tight  all  the  way,  till  he  reaches  the  reel,  where  he  waits  till  the  second  spiaaer 
takes  his  yam  off  the  whirl  hook,  and  joins  it  to  the  end  cf  that  of  the  first  spinner,  is 
order  that  it  may  follow  it  on  the  reel. 

The  next  part  of  the  process  previous  to  tarring,  is  that  of  warping  the  yams, « 
stretching  them  all  to  one  length,  which  is  about  200  fathoms  in  full-length  rope^groasdiy 
and  also  in  putting  a  slight  turn  or  twist  into  them. 

The  third  process  in  rope-making,  is  the  tarring  of  the  yam.  Sometimes  the  yans 
are  made  to  wind  off  one  reel,  and,  having  passed  through  a  vessel  of  hot  tar,  are  woond 
upon  another,  the  superfluous  tar  being  removed  by  caufing  the  yam  to  pass  throogh  a 
hole  surrounded  with  spongy  oakum ;  but  the  ordinary  method  is  to  tar  it  ia  skeins  or 
hanks,  which  are  drawn  by  a  capstan  with  a  uniform  motion  through  the  tar-kettle.  In 
this  process,  great  care  must  be  taken  that  the  tar  is  boiling  neither  too  fast  nor  too  sfew. 
Yarn  for  cables  requires  more  tar  than  for  hawser-laid  ropes ;  and  for  standing  and  run- 
ning rigging,  it  requires  to  be  merely  well  covered.  Tarred  eordage  has  been  found  to 
be  weaker  than  what  is  untarred,  when  it  is  new ;  but  the  tarred  rope  is  not  so  easily 
injured  by  immersion  in  water. 

The  last  part  of  the  process  of  rope-making,  is  to  lay  the  cordage.  For  this  pwrpose 
two  or  more  yarns  are  attached  at  one  end  to  a  hook.  The  hook  is  then  turned  the  con- 
trary way  from  the  twist  of  the  individual  yarn,  and  thus  forms  what  is  called  a  strand. 
Three  strands,  sometimes  four,  besides  a  central  one,  are  then  stretched  at  length,  and 
attached  at  one  end  to  three  contiguous  but  sepaiate  hooks,  but  at  the  other  end  ton 
single  hook;  and  the  process  of  combining  them  together,  which  is  effected  by  tnmtif 
the  single  hook  in  a  direction  contrar}'  to  that  of  the  other  three,  consists  in  so  regnlatiag 
the  progress  of  the  twists  of  the  strands  round  their  common  axis,  that  the  three  strands 
receive  separately  at  their  opi)osite  ends  just  as  much  twist  as  is  taken  out  of  thcD  by 
their  twisting  the  contrary  way,  in  the  process  of  combination. 

Large  ropes  are  distinguished  into  two  main  clat^scs,  the  cablt'laid  and  luntMr-feii, 
The  former  are  composed  of  nine  strands,  namely,  three  great  strands,  each  of  these  con- 
sisting of  three  smaller  secondar}*  strands,  which  are  individually  formed  with  an  eqat! 
number  of  primitive  yams.  A  cable-laid  rope  eight  inches  in  circumference,  is  made  vp 
of  333  yarns  or  threads,  equally  divided  among  the  nine  secondary  strands.  A  katMer-imd 
rope  consists  of  only  three  strajuls,  each  composed  of  a  number  of  primitive  yarns,  propsfw 
tioned  to  the  size  of  the  rope ;  for  example,  if  it  be  eight  inches  in  circumference,  it  may 
have  414  yarns,  equally  divided  among  three  strands.  Thirty  fathoms  of  yam  are  reck- 
oned equivalent  in  length  to  eighteen  fathoms  of  rope  cable-laid,  and  to  twenty  fathooN 
hawser-laid.  Ropes  of  from  one  inch  to  two  inches  and  a  half  in  circumference  are  uso- 
ally  hawser-laid  ;  of  from  three  to  ten  inches,  are  either  hawser  or  cable-laid ;  but  when 
more  than  ten  inches,  they  are  always  cable-laid. 

Every  hand-spinner  in  the  dock-yard  is  required  to  spin,  out  of  the  best  hemp,  vol 
threads,  each  160  fathoms  long,  for  &  quarter  of  a  day's  work.  A  bawl  of  yam,  in  tht 
warping  process,  contains  336  threads. 

liic  foUowing  are  Captain  Huddart's  improved  principles  of  the  rope  manafactnie>— 
•  1.  To  keep  the  yams  separate  fVom  each  other,  and  to  draw  them  from  bobbins  levolr- 
lag  upon  skewers,  so  as  to  maintain  the  twist  while  the  strand  or  primary  cord  is  f(»ming. 

2.  To  pass  them  through  a  register,  which  divides  them  by  circular  shells  of  holes ; 
tht  number  in  each  concave  shell  being  conformable  to  the  distance  from  the  centre  of 
the  strand,  and  the  angle  which  the  yams  make  with  a  line  parallel  to  it,  and  which  gives 
them  a  proper  position  to  enter. 

3.  To  employ  a  tube  for  compressing  the  strand,  and  presenring  the  cylindrical  fignre 
of  its  surface. 

4.  To  use  a  gauge  for  determining  the  angle  which  the  yams  in  the  ontside  shell 
make  with  a  line  parallel  to  the  centre  of  the  strand,  when  registering ;  becaose  aceoid- 
ing  to  the  angle  made  by  the  yams  in  this  shell,  the  relative  lengths  of  all  the  yams  in 
the  strand  will  be  determined. 

6.  To  harden  up  the  strand,  and  thereby  increase  the  angle  in  the  outside  shell ;  wfaidi 
compensates  for  the  stretching  of  the  yams,  and  the  compression  of  the  strands. 

A  great  many  patents  have  been  obtained,  and  worked  with  various  degrees  of  saeeeM^ 
for  JDaking  ropes.    Messrs.  Cartwright,  Fothergill,  Cur,  Chapman,  Balfov^  and  Hoi- 
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dut,  hBTe  been  the  mast  contpicoons  iaTcnlon  id  thli  eonntry ;  bntlli«  limita  of  thii 
work  predade  us  doing  jnilicR  to  tbcir  respective  merits. 

All  the  improvcmeolr  in  Ibe  manafBclare  of  coidKSe  at  presept  in  vae,  either  in  her 
Majesty's  TBidi  or  in  private  rope-groiinds,  oire  Ibeir  superiority  orer  the  oM  method 
of  nulling  eordnge  !□  Captain  Hiiddsrl's  invention  of  the  tegiiter  plate  and  tube- 
Mr.  Balfour  look  out  s  patent  for  ibe  manufacture  of  cordage  about  a  month  before 
Captain  HuddaK;  hut  the  formitiDn  of  bis  strand  vas  to  be  accomplished  by  what  ha 
called  a  lop  minoi  (ia  the  form  of  a  common  top,  with  pins  to  divide  the  lama),  which 
npon  trial  could  not  make  eoido^  lo  good  as  bj  the  common  mode.  On  leeing  C»p- 
lain  Huddart's  speciGcalion,  Mr.  Balfour,  five  years  aner,  procured  another  patent,  ia 
which  he  included  a  plate  and  tube,  but  which  wai  not  suSeienllf  correct,  and  ei- 
perience  in  (he  navy  proved  (be  insnfficiencT  of  the  cordage.  Captain  Huddart't 
plate  and  tube  were  Iben  adopted  in  the  king's  yards,  and  he  gave  his  assistance  fbr  the 
porpose. 

Captain  Huddarl  then  invented  and  look  a  patent  for  a  machine,  which  by  registering 
the  strand  at  a  short  length  from  the  lube,  and  winding  it  up  as  made,  preserve]  a  uni- 
formity of  twisi,  or  anile  offormalion,  from  end  lo  e,nd  of  the  rope,  which  cannot  he  ac- 
complished by  the  method  of  forming  the  strands  down  the  ground,  where  the  twist  is 
eommunicatnl  from  one  end  to  the  olh^r  of  an  elastic  body  upwards  of  300  yards  in 
length.  This  reEistcring- ma  chine  wns  cnnstructed  with  such  correctness,  that  when 
■ome  were  aAerwDrdt  required,  no  nllcralion  could  be  made  with  advantage  by  the  most 
•kilful  and  scicnlilic  mechanic  of  that  day,  Mr.  Rennie.  Thas  the  cold  register  was  car- 
ried to  the  greatest  perfection. 

A  number  of  yarns  cannot  be  put  toEelher  in  a  cold  stale,  without  considerable 
Tacancies,  into  which  water  may  gain  admission  ;  Captain  Htiddart,  Iberefore,  formed  the 
Tarns  into  a  strand  immediately  as  they  came  from  the  lar-keltle,  which  be  wai  enabled 
t«  do  by  his  regislering-machine,  and  the  result  was  most  satisfactory.  This  ccanbinatioa 
of  yams  was  found  by  experiment  lo  he  14  per  cent,  stranger  than  thecohl  register  i  it  con- 
Itituled  a  body  of  hemp  and  lar  impervious  to  water,  and  had  great  advantage  over  onr 
Other  cordage,  particularly  for  shronds,  as  after  tbey  were  iietlled  oil  the  mast-bead,  and 
properly  set  up,  they  had  scarcely  any  tendency  lo  stretch,  effectually  secured  the  mast, 
and  enabled  llie  ship  to  carry  the  greatest  press  of  sail. 

In  order  more  elfectqallf  lo  obtain  correctness  in  the  formation  of  cables  and  large 
cordage.  Captain  Huddart  eonslrucled  a  laying-machine,  which  has  carried  bis  inventioa* 
in  rope-making  lo  the  greatest  perfeclion,  and  which,  founded  on  true  mathemalieal  prin- 
ciples, and  the  most  laborious  calcalalions,  is  one  of  the  noblest  monuments  of  mechanical 
ability  since  the  improvement  of  the  steam-engine  by  Mr.  Walt.  By  thia  nwchine,  tlte 
■trands  receive  that  degree  of  twist  only  which  is  necessary,  and  are  laid  at  any  angla 
with  the  greatest  regularity ;  the  pressure  is  regulated  to  give  the  required  elasticity,  and 
all  parts  of  the  rope  are  made  to  bear  equally.  In  no  one  instance  has  a  rope  or  cable 
thus  formed  been  found  defective  in  the  lay,  or  stiff,  or  difficult  to  coil. 

Such  a  revolution  in  the  mannfactare  of  cordage  could  not  be  accomplished  without 
freat  expense,  as  the  works  at  Limehouse  fully  leslify ;  and  considerable  opposilioa 
necessarily  arose.  Captain  Huddart's  first  invention  was,  however,  generally  adopted, 
aa  soon  at  the  patent  expired  ;  and  eiperience  has  established  the  great  importance  of 
Us  subsequent  impniTcmenls. 

His  cordage  has  been  supplied  in  large  quantities  to  her  Majesty's  nary,  and  has  re- 
ceived the  most  satisfactory  reports. 

The  following  description  of  one  of  the  best  modern  machines  for  making  rope*  on 
Captain  Huddart's  plan,  wQI  gratify  <be  intelligent  reader. 

FXg,  942  exhiliilg  a  side  elevation  of  the  lackle-board  and  bobbin-fVame  at  the  head 


of  the-  ropery,  and  aUo  of  the  carriage  or  rope-machina  in  the  act  of  hauling  out  and 
twisting  the  strands. 

Fig.  943  is  a  front  eleralion  of  the  caniage. 

Fig.  944  ia  a  yarn-guule,  or  board,  or  plate,  with  petfbialed  hole*  for  the  yarns  to  paH 
through  befbre  entering  the  nipper. 

Figi.  945  and  948  are  side  and  flroot  viewf  of  Ihe  nipper  fcr  jnetsing  tlw  np*- 
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a  is  the  rmne  Tor  ccnliinin;  the  yam  bobbin!.  The  yami  air  brooebl  trtm  At 
fnune,  and  pssa  ibrouch  ■  jarn-jtulde  al  b.  c  is  a  Finill  niller,  under  which  the  nft- 
yarns  paaf;  Ihey  are  lh«n  broughl  ovct  Ihe  reel  d,  and  (hrau|[h  anDlher  jara-fnidci, 
afler  which  Ibcy  enter  the  nippers  at  f,  and  are  djawn  out  and  runnnl  iDlo  atraBdi  k| 
Ihr  carriaKC.  Therolltiand  ml  may  be  made  lo  linvene  n  p  and  down,  lo  as  to  re^atalt 
lie  molion  of  ibe  yami. 

The  carriage  runs  on  a  railway.    /,/,  n  Ihc  frame  oflhe  csrriain  ;  g,  g,  an  Ibe  taiS 

wheels  on  whjch  il  is  tuppoiled  ;   h,  fr,  i»  an  endless  rope,  reaching  from   Ihe  bead  k 

ci^3  Ihe  bottom  ct  Ihe  railway,  and  is  driven  by  >  ateam-rBfiiCj 

^-}~  *"< '"' ''  ■  "Ixf '  '•''''  '"■>»  ■'  '•>'  '""''  <^  '••  o'"  w'kbita 

endless  rope  pa^TCS,  and  eives  molioci  lo  Ibe  machinery  of  IW 

rartinse,    «.  is  the  Eiound  rope  for  lakini;  out  the  eamtft, 

as  will  be  aflerwards  ileMribed.     On  Ihe  shaft  of  m,  ■,  ait 

Iwo  bevel  wheels  3,  3,  willi  a  thiHini  ealeh   belweea  Ibtn; 

iheM  bevpl  wheels  are  loose  npoD  Ihe  ahan,  but  wLea  tkt 

catch  is  put  into  either  of  them,  Ihii  IbeI  Uicd  keeps  BMka 

with  Ihe  shall,  while  Ihe  other  ntni  loofe.     One  of  tboe 

wheels  serves  lo  coininuniealc  the  Iwiat   to   the  slnad  k 

drawtni:  out;  the  other  ftive*  Ihe  oppoaite  or  afler  luilt 

the  rope  in  cloKini{.    4,  4,  is  a  leter  for  shiAinf!  the  eik) 

accurdinsly.     S,  is  a  third  bevel  wheel,  which  rrcriTtak 

motion  fiom  either  of  the  other  Iwo,  and  commnniealn  (kc 

same  lo  the  ivo  spur  wheels  6,  6,  by  meana  oT  the  ihait  a. 

These  can  be  sbiQed  al  pleasure ;  so  that  by  applying  wheek 

of  a  greater  or  leu  number  of  leelh  above  and  beneath,  tk 

IwisI  eiven  to  Ihe  strands  can  be  iacresscd  or  diminkbd 

accordinely.    The  upt>er  of  these  two  commoniealea  nwlin, 

lo  another  spur  wheel  8,  which  woiking  in  Ihe  three  i^iaioas 

il  to  the  strand  hooks. 

:iul  in  Ihe  fullowing  manner.  On  (he  end  of  the  shall  oTui,  m, 
,  'n  Ihe  large  wheel  s,  ^ives  molion  lo  tbe  |tmind-nif( 
•haft  upon  its  aiis.  In  Ihe  centre  of  this  shaft  is  a  cun  ed  paltey  or  drum  I,  roud 
which  the  Eruund-rupe  lakes  one  turn.  This  rope  is  fixed  at  the  brad  and  fool  of  Iht 
toperj'  j  so  lliat  when  the  machinery  of  Ibe  ceriioE''  is  set  a-Goinc  by  the  endless  rope  i, 
h,  and  gives  motion  lo  Ihe  eround-rope  shafl.as  abiive  deFcrihtd,  Ihe  carriage  will  neccf- 
Mrily  move  alone  the  raitwny  ;  and  Ihe  speed  may  he  rr)!ulalfd  eilher  by  ihe  diamelerif 
the  circle  formed  by  tlie  cuhs  on  Ihe  fthcel  m,  m,  or  by  Ihe  number  of  leeth  in  the  piaica 
3,  At  T,  is  a  unnll  roller,  mei  ely  fur  prevenlinc  Ihe  eroundriipe  frnn  coming  op  aoioa( 
the  machinery.  At  Ihe  hend  ft  Ihe  rnilway,  and  under  the  larLleboanl,  is  a  wheel  aid 
pinion  n,  with  a  crank  for  tiihleninii  Ihe  sround-rope.  I'he  fixed  machinery  at  Ihe  head, 
Git  hnrdenini:  or  lemrcrintc  Ibe  strands,  is  similar  lo  that  on  Ihe  caritape,  with  Ihe  ei- 
eepliun  ufthc  ground  TO|>e  urar,  which  is  nnnrcc-sary.  The  moliun  is  eommuniealed  hi 
another  endless  roj'e  (or  sliort  band,  as  il  is  callul,  to  distinguish  it  froia  Ibe  otber), 


n  3,  which,  work  in 


which  passes  over  cubs  at  the  back  of ' 
When  the  elmnds  are 


by  Ibe  c( 

Ihe  si  rands 


wheel  1, 


:o  Ihe  requisi 


te  Icnfrth,  the  spor  wbeeh 
It  ine  laehit-board,  and  filed  lo  the 
'mperrd,  beini;  twisted  at  both  eods. 
nitcd  on  Ihe  large  hook  A,  the  lop  pat 


hoolis  I,  ],  I ;  afler  which  Ihey  are  hardened  or  li 
When  this  operation  is  finished,  three  strands  oie  u 
in,  and  the  rope  finisheil  in  ihe  usual  way. 

In  preparinc  the  hemp  for  spinning  and  ordinar)'  Ihrrnd  or  rope  j  am,  it  is  only  heckled 
DTer  a  large  krg  or  clearer,  until  the  fibres  are  sliaiizlilened  and  separated,  so  as  la  ni 
freely  in  Ihe  spin nj nit.  In  this  case,  the  licmp  is  not  stripped  of  Ihe  low,  or  cropped,  unlns 
it  is  dcsizned  lu  spin  beneath  Ihe  usual  erist,  which  il  about  £0  yams  for  Ihe  sliand 
of  a  three-inch  strap-laid  rope.  The  spinning  is  Mill  perfi>rnii'd  by  band,  beio;  found 
not  only  to  be  more  economical,  bul  also  to  make  a  ntioollier  thread,  than  has  yet  beea 
effected  by  machinery.  Various  ways  have  brer  liied  for  preparing  Ihe  jams  for 
tailing.  That  which  seems  now  lo  be  most  crnernllv  in  use,  is,  lo  warp  the  yarns  npni 
the  stretch  as  the}' are  spun.  This  is  aceompli^hid  bj  haiiiiE  awheel  al  the  fool,  as 
well  as  the  head  of  the  walk,  so  Ihal  the  men  are  able  lo  tpin  both  up  and  down,  and 
also  lo  splice  their  threads  al  both  ends.  By  lhi>  means,  Ihey  are  formed  into  a  haul, 
resembling  the  warp  of  n  common  web,  and  a  little  tuin  is  hove  into  the  haul,  to  pic- 
■erre  it  from  getting  foul  in  ihe  tarrinc.  The  ndvnnlnz'^s  of  warpine  fmtn  ihe  apia- 
nen,  as  above,  instead  of  winding  on  winches,  ns  formerly,  are,  1st,  the  saving  of  this 
hsl  operation  alloiether ;  Sdly,  the  complete  check  niiich  the  foreman  has  of  the 
qaantily  of  yam  spun  in  the  day  ;  3dty,  that  the  quality  of  Ihe  work  can  be  subjected 
to  the  minulesi  inspection  at  any  lime.  In  tarring  the  yarn,  il  is  found  favomhlc  lo 
Ihe  fainesi  of  the  strip,  to  allow  it  to  pass  around  or  under  a  reel  or  roller  in  Ik* 
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h  tlie  n< 


eight  i! 


ended.     The  ui 


oidinBry  ropes,  is  somelhin;  Ipss  ihin  ■  fiAh.  In  Inrge  slra|>-Iaid  ropn,  which  are  ns- 
ee«Mrily  subjected  to  a  Kiesler  prist  in  the  laying  of  them,  the  quanlily  uf  lar  can  (carce^ 
exceed  a  siiLh,  vrithoul  injuring  Ihe  appearance  of  the  rope  Then  laid. 

For  a  long  period,  the  manner  of  laying  the  yarns  into  nfff,  wag  by  (lielching  ibe 
kaul  on  the  rope-ground,  pBHing  Ihe  number  o[  yarns  required  fur  tacb  Strand,  and 
IwistlB^  tbe  strands  at  both  ends,  by  means  or  hand-bookH,  or  cranks.  Il  nill  be 
obvious  thai  Ibis  method,  especially  in  ropes  of  any  considerable  $ize,  is  attended  with 
•eriouB  diudvanlages.  The  strand  must  always  be  very  uneven;  but  Ihe  priaci|iBl  db- 
■dvanlage,  and  that  which  gave  rise  to  l)ie  many  attempts  at  imiiroremeni,  war,  [bit 
the  yarns  Imax  all  of  Ihe  sune  leni;lh  berore  being  twisted,  it  folluwed,  when  the  rope 
was  finished,  that  while  those  which  occupied  the  circumference  of  the  strand  were  per- 
(eclly  tight,  the  centre  yarns,  on  Ihe  other  hand,  as  tiiey  were  now  greatly  slackened  by 
tbe  oiieralion  of  hardening  or  twisting  the  strands,  would  actually  bear  little  oi  no  |>art 
of  the  strain  when  the  rope  was  atrclched,  unlil  the  furmer  gave  way.  Tb^  meliiait 
displayed  in  the  preceding  figures  and  description,  is  among  tbe  latest  and  moat 
jmpioved.  Every  yarn  U  given  out  from  Ihe  bvbbjn  frame  as  il  ie  required  in  twill- 
tng  the  rope;  and  the  twist  ccmmunicated  in  Ihe  out-going  of  Ihe  caniage,  can  be  in- 
Creased  or  diminished  at  pleasure.  In  order  to  obtain  a  smooth  and  well-flllnl  cirand, 
it  is  necessary  also,  in  passing  ihe  yarns  through  the  upper  board,  lo  pioporlinn  Ihe 
number  of  centre  lo  that  of  ouisiile  yarns.  In  ordinary  sized  ropec,  the  strand  feeitis  to 
have  the  fairest  appearance,  when  the  outsiile  yarns  form  from  Jils  to  {ths  of  the  whole 
quanlily,  in  the  portion  (rf'  Lwist  given  by  tbe  carriage  in  drawing  out  and  forming  the 

lo  laying  cables,  torsion  must  be  given  both  behind  and  before  the  laying  top.  Fig; 
947,  948,  H49  represent  Ihe  powerful  patent  apparatus  employed  for  ibis  purjHise.  *,  is 
a  stronjt  upright  iron  pillar, 
supported  upon  the  great 
horizontal  beam  N,  M,  and 
bearing  at  its  upper  end  the 
three-grooved  laying  tup  m. 

(treat  bobbins  or  reib  lound 
which  the  three  secondary 
strands  or  rmall  ha"  sera  are 
wound.  Thetearpdrnwurp 
by  the  rotation  of  the  three 
feeding  rollers  I,  i,  i,  Ihence 
proceed  over  Ihe  three  guide 

finlleys  e,  k,  k,  lowaids  Ihe 
aying  top  H,  and  finally 
pass  through  the  lube  o,  lo 
be  wound  upon  the  cable- 
reel  D.  1'he  frames  of  the 
f  bobbins  II,  II,  H,  do  not 


volve  a1 


;   but 


each  bobbin  .     _     . 

iU  own  shofl  q,  which  ii 
steadied  by  a  hracine  colle 
at  H,  and  a  conical  step  a 
ils  bottom.  The  three  boh 
bins  are  placed  at  nn  angli 
of  ISO  de; 


toothed  spur  wheel  b,  which 
is  driven  by  the  common 
central  spur  wheel  c.  Thus 
each  of  the  Ihree  srcondary 
conlshasB  proper  deirree  of 
twist  put  inio  it  in  one  direc- 
tion, while  the  cable  is  laid, 
in.  from  the  revoliiiion  of  the 
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Tbe  reel  d  has  llmi,  like  Ibe  bobbing  ti,  h,  two  inovcnienu;  thai  in  cmmoii  viilk 
IHune,  tnd  Ihiil  upon  ils  ui>,  prodnced  bf  the  aclion  of  the  endlcM  band  Tonnd  Ibe  pal^ 
B,  Dpon  one  o(  its  endE,  ind  the  pulley  e'  ibore  ill  centre  of  rotaliOD.  Tke  poUrria 
driven  by  the  bevel  mill-gearin;  f,  f,  r,  ai  also  the  umlet  ipiir-wheel  c  i,  inji(.  Ml^ 
ii  the  place  of  tbe  rinff  t,fig.  947,  which  bean  the  ihrFCiiaide  paUcjt  m,  i,  c.  Fif.  Ml 
ia  an  end  liewof  the  bobbin  ii,  to  shoir  the  worm  or  endleu  icrew  j,  of  Jig,  fM9,wa!kif 
into  the  two  snaiJ-luolhed  whepl;,  upon  ihc  Bndf  ot  the  two  Cecd'TolIers  i,  i,  wlijeh  loft 
to  (urn  tbem.  The  upticht  ehaAs  or  J,  j,  rceeiTC  their  motion  rrom  pvlleyi  aad  tah 
near  Ihcir  bollom.  Inslnd  oT  these  pulleys,  and  the  other*  n,  ■',  berel-wbeel  ftuwf 
lias  been  subslituled  with  admnlase,  not  being  liable  to  glip,  like  the  pnlleT-baad  a~ 
dianism.  The  axis  of  the  rreal  reel  i>  made  twice  the  len^h  of  tbe  bobbin  d,  ia  a4 
to  allow  or  the  latter  moving  IVoci  rieht  to  lefl,  and  hack  afnin  alieraatelf,  in  vinA. 
OD  the  cable  with  onifonnily  as  il  is  laid.  The  traTeite  mecbanixBi  aC  tku  pait  i^b 
tbe  take  of  perspicuity,  suppressed  in  the  fig:ure. 

Mr.  William  Norvelt,  of  Newcnslle,  obtained  a  patent  in  May,  1K33,  for  a 

ment  adapied  to  the  ordinary  maehmcs  emplojed  for  twisting  be inpea  yamt  it , 

affording,  il  is  said,  a  simpler  and  more  elitihle  mode  of  aceomplisblnK  Ifaat  olgtcl,  nl 
also  of  liyinK  the  slnrnds  toitelher,  than  has  been  hitherto  effected  bj  maebineir-  'H* 
jUD<i  spnn  from  the  fibres  of  hemp  are  wonnd  upon  bobbins,  and  tbese  bobbin*  m 
mounted  apon  axlef,  and  hiins  in  the  frame  of  the  machine,  ai  shown  in  the  elmiii^ 
fig.  950,  froRi  which  bobbins  ihe  several  rods  tf  jam  are  passed  npwaida  thnii|^ 
slanling  tube* ;  hy  the  rotation  of  which  lobes,  and  of  the  earrbf  es  in  which  the  boblaii 
are  suspended,  the  yarns  become  twisted  into  ilrands,  and  alao  the  stranda  are  laidwai 
to  form  ropes. 

His  improTemmts  consist,  6ri1,  In  Ihe  application  of  three  or  more  tubes,  twooTwkM 
are  shown  inyi^.  950,  placed  in  inclined  positions,  to  a«  to  receive  the  Etraiida  immediato- 
ly  above  the  prrtii-bloek  a,  a,  and  nearly  in  a  line  with  A,  Ihe  point  of  ckwing  or  layii| 
the  rope.  B',  and  b>,  are  opposite  tide  views ;  bi,  an  edfc  view ;  and  »,  «  aide  aectia 
of  Ihe  MRK.  He  doe$  not  claim  any  eiclusire  right  of  paleni  for  Ihe  tabea  theiindw^ 
but  only  fur  their  form  and  ancutar  position. 


Secondly,  in  attaching  two 


flat  thcates,  i 


pDtley«,c,  c,Jtf.  950,  to  each 
of  tbe  *a>d  tube*,  near- 
ly round  which  eadi 
■trand  ia  lapped  tt 
coiled,  to  pmeat  il 
fnmi  slippiwr,  at  abowi 
in  Ihe  section  ■'.  Tht 
aald  sheavea  or  pnlleyi 
■re  connected  by  a 
crown  or  centre  wheel 
D,  loose  upon  ft,  t,  (be 
main  or  npriehl  uit{ 
■,  B,  it  a  smaller  wbi^ 
upon  each  tube,  work- 
in*;  into  The  aaid  erovn 
of  centre  wheel,  aid 
Bled  upon  the  looae 
box  I,  on  each  oT  the 
lubes 

r,  r,  IS  a  toothed 
«r  spur  wheel,  find 
also  upon  each  of  the 
loose  boxet  i,  and 
working  into  a  amalkr 
wheel  o,  upon  the  aiii 
2,  of  each  tnbe ;  h,  it 
a  bevel  wheel  fixed 
I    the 


with  a,  and  woriciag 
into  another  berel 
wheel  J,  fixed  upon  the  cross  axle  3  of  each  lube,  r,  is  a  spar  wheel  attached  to  the 
tame  axis  with  j,  at  the  oppo«ile  end,  and  working  into  l,  another  spur  wheel  td"  the 
tame  size  upon  each  of  Ihe  lubes  By  wheels  thus  arranged  and  connected  with  the 
ahesTcs  or  polleys,  as  abo»e  descnbe-l,  a  perfccilj  equal  strain  or  tension  u  put  apon 
each  strand  as  drawn  forward  orer  the  pulley  c 

Thirdly,  the  invention  consists  in  the  introduction  of  change  wheels  m,  m,  m   m, 
fig.  SO,  Ibr  pulling  ihe  foiehatd  or  proper  twui  into  each  strand  befcre  the  npe  to 
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,  hoi ;  this  a  «decled  bj  small  tpindles  on  ulu  4, 4,  pUecd  parallel  with  the  line  of  eadi 
I  tabea. 

,       UpoQ  the  lower  end  oT  each  spindle  the  bevel  wheeli  h,  h,  are  attached,  and  driven 

';  fej  other  bevel  wbeeli  o,  o,  fixed  immediaiely  above  each  press-block  a,  a.     On  the 

:'  top  end  of  each  ipindle  or  ule  4,  4,  is  attached  one  of  the  change  wheels,  working 

.    hA0  the  other  change   wheel   fixed    apon   the   bollom   cod  of   each  of   the  tabes, 

the  forehard  or  proper  twist  in  the  strands  for  all  sizes  of  ropes,  is  at  once 

.  br  aimplf  changint;  the  sixes  of  those  two  last  described  wheels,  which  can  be 

WT  Feadilv  effected,  from  the  manner  in  which  thev  are  attached  to  the  iDbes  b,  ■,  and 

From  the  angular  position  of  the  tabes  towards  the  centre,  the  strands  are  nearly  in 
contact  at  Ibeir  upper  ends,  where  the  rope  is  laid,  Jcimedialeljr  below  which  the  forehard 
Mr  pttper  twist  is  given  to  the  strands. 

Fonrthlj,  in  the  application  of  a  press-block  r,  of  metal,  in  two  parts,  placed 
directly  above  and  close  down  to  where  the  rope  ia  laid  at  A,  tbe  iatide  of  which  it 
pcdisheiJ,  and  the  under  end  is  bell-monlhed  ;  lo  prerenl  the  rope  from  being  choTed  in 
VBtering  il,  a  sufficient  grip  or  pressure  is  pat  upon  the  rope  by  one  or  two  levev  and 
ireights  5,  5,  acting  upoQ  the  press-block,  so  as  to  adjust  any  iriBing  irregularity  in  the 
•Craiid  or  in  the  laying;  the  inside  of  which  being  polished,  gives  smoothness,  and  by 
tbe  said  levers  and  weights,  a  proper  tension  to  the  rope,  as  it  ts  drawn  forward  throagh 
tbe  press-block.  By  the  application  of  thiK  block,  ropes  may  be  made  at  onee  properly 
■tretched,  rendering  them  decidedly  preferable  and  eitremely  advantageous,  particnlajrl; 
Sir  shipping,  inclined  planes,  mines,  &c. 

The  preceding  description  inclodes  the  whole  of  Mr.  NorveU's  improvements;  tbe 
remaining  parts  of  the  machine,  being  similar  lo  those  now  in  use,  may  be  hriefi; 
described  as  follows : — A  wheel  or  pulley  c,  is  fixed  iudependenlly  of  the  machine,  over 
which  the  rope  passes  lo  the  drawing  motion  represented  at  Ihe  side ;  d,  d,  is  a  grooved 
vheel,  round  which  the  rope  is  passed,  and  pressed  into  the  groove  by  means  of  the 
Iner  and  weight  i,  t,  acting  upon  Ihe  binding  sbeaf/,  to  prevent  the  rope  from  slippii^ 
Alter  the  rope  leaves  the  said  ^eave,  il  is  coiled  away  al  pleasure,  g,  g,  are  two  change 
iriieeli,  for  varying  the  speed  of  the  grooved  wheel  rj,  d,  lo  answer  the  various  sizes  of 
ropes ;  A,  is  a  spiral  wheel,  driven  by  Ihe  screw  k,  filed  upon  the  axle  I ;  m,  is  a  hand- 
wheel,  which  is  driven  by  a  bell  from  the  shaft  of  the  engine,  or  any  other  commnnicaling 
power  {  n,  n,  is  a  friction  strap  and  striking  clutch.  The  axle  g,  is  driven  by  two  change 
wheels /I,  p!  by  changing  the  sizes  of  those  wheels,  Ihe  different  speeds  of  Ihe  dram  >,>, 
far  uj  sizes  of  ropes,  are  at  onee  cffeeled. 
He  additional  axle  t,  and  wheels  f,  (,  shown  in  fig,  951,  are  applied  occasionally  for 
reversing  the  motion  of  the 
said  drums,  and  making  what 
is  usually  termed  le/l-hand 
ropes;  u,  figs.  950,  and  951, 
show  a  bevelled  pinion,  driving 
the  main  crown  wheel  e,  r, 
which  wheel  carries  and  givei 
motion  to  Ihe  drams  a,  ai 
to,  IK,  is  a  fixed  or  sun  wheel, 
which  gives  a  reverie  motion 
lo  the  drams,  a<  they  revolve 
of  the  intervening  wheels  x,  x,  x,  whereby  the  reverse  ot 
produced,  and  which  gives  to  the  strands  the  rieht  Iwisl.  The 
ctrograding  motions,  or  right  twists  for  all  sizes  and  descriptions  of  ropes,  may  be 
obtained  by  changing  the  diameters  of  Ihe  pinions  y,  y,  ji,  on  the  under  end*  of  the  drum 
ipindles  ;  the  carriages  of  the  intervening  wheels  x,  x,  x,  being  made  lo  slide  round  the 
ring  t,  X I  w,  w,  is  the  framework  of  Ihe  machine  and  drawing  motion  ;  t,  t,  t,  are  the 
bobbins  containing  the  yarns',  their  number  is  varied  to  correspond  with  the  different 

The  machine  here  described,  in  elevation  and  plan,  is  calculated  to  make  rope*  from 
three  lo  seven  and  one  half  inches  in  eircnmference,  and  la  an  indefinite  length. 

Messrs.  Cbapman  of  Newcastle,'  to  whom  the  art  of  rope-mnlung  is  deeply  indebted, 
nnving  observed  that  rope-yaro  is  considerably  weakened  by  passing  through  the  Ur-ketlle, 
that  larred  cordage  loses  its  strength  progressively  in  cold  climates,  and  so  rapidly  in 
hot  climates  a?  to  be  scarcely  fit  for  use  in  three  years,  discovered  thai  the  deterioration 
was  due  to  the  reaction  of  the  macilage  and  acid  of  the  tar.  They  accordingly  proposed 
the  following  means  of  amelioration.  I.  Boiling  it  with  water,  in  order  to  remove  these 
iwo  soluble  constituents.  3.  Concentrating  the  washed  tar  by  heat,  till  it  becomes  pitchy, 
and  then  restoring  Ibe  plasticity  which  il  thereby  loses,  by  the  addition  of  lallow,  or  au- 
mal  or  expressed  oils. 

In   1807,  tbe  same  able  engineen  obtained  a  patent  Kr  a  method  of  naUnff  « 
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belt  or  flat  band,  o[  Iwo,  three,  or  more  ttmuU  o[  nbrood  or  h>WMT-lBid  rope.  pU 
tide  br  ^iije,  m  ■>  lu  fuini  a  band  of  any  dchired  breadth,  ohjch  may  be  used  Tor  btiU) 
tbc  Libbirs  and  cwvrs  in  mior-duifli,  without  an;  rirk  of  its  loaing  iwiM  bi  ruMiit, 
The  roj  Cf  ^huuld  b«  laiJ  wilb  the  Iwirt  of  tbe  one  btnmd  dirrcled  to  Ihc  riehl  hand,  IW 
^  the  other  lu  ihu  lill,  and  that  uT  tlic  jarns  ih«  opposite  way  I"  Uir  »tiu)d>,  iil«^ 
pedVct  flalncvK  in  mcuitO  Ui  llie  battd.  '1  hi>  ruallel  aMeinblage  or  atrantU  haska 
liiuiiil  alHi  tu  lie  Mtoiitor  than  vlitii  they  are  alt  iviBled  into  one  cyiioder.  Tbe  jiaHiM 
at  tbe  lainr  lime  contrived  a  mi'chanittn  fur  picrcin;  the  slrandB  tiaoaveraely,  ia  DrdiiM 
brace  tlicmlitinly  liici'lhcr  wilti  Ivine.  Flat  ropes  are  usually  Aiitntd  cf  ha«Ki»«ll 
thiec  MiBnd)<.M<nh  liiid,  iinrh  cii»tainiiic33  larns.  nliich  wilh  Tour  ropp»,  cnm|iiHi  tat 
age  fuur  and  a  Jiuir  iirclii>  hri'nil,  and  bii  inch  and  a  quarter  Ibieli,  being  iLe  oidimlfr 
nensiuns  of  the  ^ituw^  in  ihf  wLiin-jiuUej  s  round  which  Ihey  pass. 
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I'he  abi'Vc  !-t»tpiiiPii1  iv  [)ie  ri>uU  uf  M-iciiil  Imnilrnl  expcrimenla. 

K()>J\,  or  C()1^)I>1I.\\Y  {{/.ilifi'l,  iV.;  Fi,kltHkar:,CeTm.).ia  lh«  nwin  Ml ita 
diRlillini  (itr  llic  vuialilt'  nil  from  tlii'  ditfercnl  »prcir«  of  turpentine.  Yellow  rouana- 
taiiifi  »i>ine  water,  which  binrk  rusia  dties  m  I.    ¥ee  TURPi^TtM. 

Itd^l.V  (J  AS.  Fif.  t),')^  fxliiliilK  tlip  rrtiiil  nnJ  its  np|>rndacee,  ns  creeled  by  HeiM. 
Tavlor  and  Mnrlim-an,  under  thr  diieclion  of  the  I'litenter,  ProfnMir  Manie],  F.  R.  S, 

I  Iniie  i«ir«liirnl  this  inaunfiicluiin:;  pnjeel,  ni'l  an  a  fOUtrn  lo  imilate,  bat  un 
Rami  Ir  til  diler;  a>  nirunliiis  a  very  in>triic1it<-  kv^.n  <f  the  dai.cer  i.f  rn^hinc  beal- 
loan  inti>  niiB.|  i-xtfh>-ive  f'ii1i'ipn>i(->,  ni^Miul  fully  virif^ia^,  iiprn  n  mcderale  Mulr.Tk 
prubnliilily  of  llu  ir  ulliiintr  >iieriKii.  The  enr  ilal.  luboT,  Dad  lime  annDnll;  wviri 
npon  visionary  sclieim*  of  Ihi-  Hirl.  i-ol  up  b>  clminbiT  chemirli,  are  incalculably  siral. 
No  more  cm  ntini  ffrvire  «ni1J  U-  rcndi-reit  lii  Ihf  rauteif  prodiiclive  indnMiyitlii 
10  uninB»k  the  Ibim^aud  and  onr  cbiuieiirnl  inTenliuns  which  ditciore  uar  ]i>.1t  if 
patents  (turine  the  hut  lliiity  yi-nr^  There  rcmniks  have  hren  tutiepRled  by  the  ciicinii- 
•lance,  llial  SOfiOOI.  were  nquniiilpreii  upon  the  nwincni'  e.)ncern  j  a  fact  ecimpnaiciiri 

larcf'ly  in  iIik  s|icct>lntiiin.  Hn'l  inOI.  Ix'en  eni|itn<ril  beforehand,  by  a  dispartwDaK 
practical  man,  in  mnkins  jndicioiiK  liinls,and  in  calciilalins  Uie  chancca  cf  ettnlail 
prolllBnd  lot*,  it  would  hnvr  hivn  iIiiti<iii>i rated,  ns  clrntly  ai  noondny,  thai  rwin  cooU 
never  c<  nipile  with  |  jteoal  in  Ihc  proihiclioo  of  gas-lifihl.  Whatever  insenoily  na 
expended  in  aellins  up  the  folhiwine  nppni-iitu*,  may  be  rcsanled  an  an  additiotiii  i>a» 
/u/ntu  1(1  riiisUnd  iIk'  piibiir,  nnd  ilivrit  llnir  IhouphiK  frrm  ihe  abjFa  that  lay  lulbn 
them.  Theinnin  |  rclirninury  lo  he  ei'tlliil,  in  ell  new  undenaking»,  in  the  wDtxlBeM 
d*  Ihe  prini'ipli'.  Ky  ncukelin':  this  ituint,  projector!  perpetually  realize  the  ripiatuy 
bble(,ri)eUan.-<i<is. 

The  rclorl  f.  t.  Jig.  0.13,  is  ^ern  ehnrced  with  Coke,  trhieh  is  in  Ihe  firrl  inFtaace 
nireil  lo  a  bi'i;:ht  rcil  bent,  by  means  ff  Ihe  furnace  benealh.  The  common  bruwi 
niMn  of  cominein-,  which  ia  de)iniil>il  In  the  Innk  a,  is  to  be  niiied  with  the  rtfenlial 
oil  (ronden>cd  frt.in  the  ro>in  rapors  in  a  prcciitini:  npcralion)  in  ihe  pro|>oniun  «f  m 
bondicd  pounds  uT  Ibe  former  lu  len  fialbins  of  Ihe  latter.  The  influcDce  of  the  flaK 
nod  heated  air  bciiL-alli  wrve»  lu  presctve  this  in  a  fluid  Hale,  and  by  a  damper  pawiij 
kcroM  Ibe  apctture  in  tbe  chimney  Ihc  tcuiperalure  of  the  fluid  may  be  exactly  nTul'lc'- 
A  wire-eanie  icreen  at/,  reaches  lu  Ihc  biitlom  of  Ihc  lank,  and  prevents  the  aolid  niii^ 
«r  any  impurity  with  which  it  mny  be  miKci),  fiinn  chokina  Ihc  stopcock. 

The  mcllcd  rosin  hivine  pas^eit  by  Ihe  Eln|<c(H:k  A,  funnel  e,  and  syphon  rf,  into  ik 

Siiif  fnlls  on  ibc  coke,  and  in  ils  pnssace  thntuEh  Ihc  iznited  mass,  becomes  decompcwd. 
airiving  at  tbe  otbcr  end  of  Uie  reiart,  a  large  portion  of  the  oil  of  turreBtiae, « 


k,  and  dl|«  beneaih  the  lor- 
face  or  Ihe  fluid  in  ihe  vessel  i. 
This  complelei  (be  cundcnia- 
tion;  and  Ihe  |ms  procewU  JD 
perfeclljr  pure  slmle,  by  the 


pipe  , 


The  e 


1  Ihe  floating   rraer- 


leaves  the  refrigeralor,  b  con- 
veyed, br  Ihe  syphon  /,  lo  ■ 
ciilern  benealh.  I'he  neces- 
»ily  for  employin;  a  syphon 
will  be  appai'pnl,  when  it  is 
borne  in  mind  Ibat  (he  lube  pre. 
venls  Ihe   escape  of  Ihe  gas. 


le  boi   wiih  Ihe 
Another    pipe 
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See 


ROUGE.  (Fard.Fr.)  The  only  cotmcuc  which  can  be  applied  wilhoul  injury  W 
brixhiea  a  lady's  complexion,  i«  thai  pre|>ared,  by  Ihe  rulkiwin:  process,  rmin  FalHower, 
{Carthamni  ImrtoTiui.)  The  flowerf,  after  beine  mashed  with  pure  water  III)  it  cornea 
olT  colorless,  arc  dried,  pnlTcrizcd,  and  di'jc^led  wilh  a  weak  solution  or  crystals  of  soda, 
Vhich  ass'imes  thereby  a  yellow  color.  Into  lUs  liquor  a  quantity  of  finely  carded 
wbile  cotlun  wool  is  plunged,  and  then  so  much  lemon  juice  or  pure  vinegar  is  added  ta 
to  snpersalurale  Ibc  soda.  The  coloring  matter  is  disensngeil,  and  falls  down  in  an  im- 
palpable powder  upon  Ibe  cullon  filament's.  The  cotton,  after  hviax  washed  in  cold  water, 
lo  remove  some  yellow  eidurine  particten,  ii  lo  be  treaiod  with  a  fresh  suluiiiin  of  carbo- 
nate of  soda,  which  takes  up  iheretl  ciilorintt  mntlcr  in  a  state  of  purilr.  Bernre  precipitalini; 
this  pi-jmcnl  a  !"'cuiid  lime  by  llic  acid  nf  lemnns,  some  s-'h  puwdcrcd  talc  should  he  laid 
■a  Ihe  b'llli'm  •>(  llif  vessel,  tor  the  |mrpiise  of  abwi  bins  Ihe  fine  rouce,  in  proporlion  as 
it  ii  sepnraled  frum  Ihe  carbonate  uf  smla,  which  now  holds  it  di=Milveil.  The  colored 
SHXlnre  inii'l  be  finally  IritnratCLl  Wilha  few  drops ofolive  oil. in  order  lomake  it  smooth  and 
■Mrriiwy.  Upon  the  fineness  of  Ihe  lale,  and  the  proporlion  of  the  safllowcr  jirecipitale 
which  il  cunlninv,  dc)iend  the  lieunly  mid  vnlit-^  of  Ihe  covmelie.  The  ronse  of  ibe  above 
•eeund  precipil.ili in  \*  received  sometimes  u|ion  bits  of  llne-lwisled  woollen  stuff,  called 
0WXHU,  which  ladies  rub  upon  Ibcir  cheeks. 

HUHy.    SceLAFioAHv. 

BUM.  is  a  variety  of  ardent  spirits,  distilled  in  the  West  Indies,  from  the  ferTnenled 
akiininin!^  of  Ihe  suGar  teaches,  mixed  wilh  molasses,  and  diluted  with  water  lo  Ihe 
■roper delircc.  A  suaar  plantation  ia  Jamaica  or  Antigua,  which  makes  200  hog». 
hauls  ul'suicar  of  about  16  ewls.  eocb,  requires,  for  Ihe  manufacture  of  its  rum,  two  cop- 
par  llillsi  one  of  1000  itallons  for  the  wash,  and  one  of  600  snllons  for  the  low  wines,  with 
ODrTesiwndin;  worm  refrigeratories.  Il  also  requires  two  cisterns,  one  of  3000  gallons  for 
An  lees  or  spent  wash  of  former  distillations,  called  dunder  (Qumi  rttiniidar.  Span.), 
•nother  for  the  akimminss  of  the  clariGcrs  and  leecbes  of  the  sugarhouse ;  along  wilh 
twelve,  or  more,  fermenting  cisterns  or  tuns. 

Lees  that  have  been  used  more  Iban  three  or  four  limes,  are  not  considered  to  be 
aqnally  fit  for  exciting  fermentation,  when  mixed  wilh  the  sweets,  as  fresher  lees.  Tha 
wort  is  made,  in  Jamaica,  by  aitding  to  1000  (Eallons  of  dunder,  120  mllons  of  molasses, 
no  gallons  of  skimmings  (  n^  130  of  molasses  in  sweetness),  and  160  gallons  of  water; 
*  wo  that  there  may  be  in  the  li^juid  nearly  1!  per  cent,  of  solid  sarcharum.  .Another 
proportion,  often  used,  is  100  gallons  of  molasses,  300  gallons  of  lees,  300  gallons  of 
ikimmines,  and  400  of  water  j  Ihe  miilare  conlainin«,  therefore,  IS  per  cent,  or'  sweet*. 
Tkese  two  fotmulie  prescribe  so  mucl  spent  wash,  according  lo  my  opinion,  as  would  be 
apt  lu  eommunieate  an  unpleasant  flavor  to  the  spirits.  Both  the  fermenting  and  flavor- 
iaf  principles  reside  chiefly  in  the  fresh  cane  juice,  and  in  the  skimminns  of  the  clarilerj 
became,  alter  the  sirup  has  been  boiled,  they  are  in  a  great  measure  dissipated.  I  hav« 
made  many  eiperimenta  upon  fermentation  and  dtstlllalion  from  West  India  molasses,  and 
•Iwajt  found  lii«  ipirila  to  be  perfectly  eiempl  fitun  auj  nun  Bavor, 
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The  fermentation  goes  on  moftt  unifonnly  and  kindly  in  wtrj  large  in«Mei|  and 
from  9  to  15  days  to  complete ;  the  diflference  of  time  depending  vpoo  the  ttrae|i:th  ef  At 
wort,  the  condition  of  its  fermentable  stuff,  and  the  state  of  the  weather.  The  pnpm 
of  the  attenuation  of  the  wash  should  be  examined  from  day  to  day  with  a  faydnNMlo^ii 
I  have  described  in  the  article  Distillation.  When  it  has  reached  nearly  to  its  «§» 
mufn,  the  wash  should  be  as  soon  as  possible  transferred  by  puinpa  into  the  itiD,  mi 
worked  off  by  a  properly  resculatcd  heat ;  for  if  allowed  to  stand  orer,  it  wiU  deteooole 
y  acetification.  Dr.  Higgin^'s  plan,  of  suspending  a  basket  AUl  of  limeatone  in  theani 
tuns,  to  counteract  the  acidity,  has  not,  I  believe,  been  fonnd  to  be  of  moch  vk.  ft 
would  be  better  to  cover  up  the  wash  from  the  contact  of  atmospherie  air,  and  loiii 
perhaps  a  very  little  sulphite  of  lime  to  it,  both  of  which  meana  would  tend  to  arratlk 
acetous  fermentation.  But  one  of  the  best  precautions  against  the  wash  beconuBgM^ 
is  to  preserve  the  utmost  cleanliness  among  all  the  vessels  in  the  distillery.  They  iMi 
be  scalded  at  the  end  of  every  round  with  boiling  water  and  qnieklime. 

About  1 15  gallons  of  proof  rum  are  usually  obtained  iVom  1200  gallons  of  wash.  The 
proportion  which  the  product  of  rum  bears  to  that  of  sugar,  in  very  rich  moist  plantiliBiH 
is  rated,  by  Edwards,  at  82  gallons  of  the  former  to  16  cwt.  of  the  latter ;  bat  the  bor 
usual  ratio  is  200  gallons  of  rum  to  3  hogsheads  of  sugar.  Bat  this  proportion  wiD  w^ 
cessariiy  vary  with  the  value  of  rum  and  molasses  in  the  market,  since  whicherericlcki 
the  most  remunerating  price,  will  be  brought  forward  in  the  greatestt  qnantity.  la  on 
considerable  estate  in  the  island  of  Greniula,  92  gallons  of  nun  were  made  fiir  emi 
hogshead  (16  cwts.)  of  sugar.    See  Still. 

Retained  for  Horn*  CbMranpCMB.— Datf  h 
Rom  imported,  in  •  per  Imp.  GftUoB. 

1835.  1836.  1837.  1835.  1836.  1837. 

Galls.  5,540,170 ;  4,993,942;  4,612,416.  3,416,966;  3,325,068;  3,184,599. 

RUST,  is  the  orange-yellow  coat  of  peroxyde  which  forms  upon  the  sorface  of  iroacfr 
posed  to  moist  air.  Oil-paint,  varnish,  plumbago,  or  a  film  of  caootchoae,  may  be  ea 
ployed,  according  to  circumstances,  to  prevent  the  rusting  of  iron  utensils. 

RTE,  consists,  according  to  the  analysis  of  Einhof,  of  24*2  of  hnsk,  65-6  of  floBr,sii 
10*2  of  water,  in  100  parts.  This  chemist  found  in  100  parts  of  the  flour,  61-07  of  stiicl^ 
9-48  of  gluten,  3-28  of  vegetable  albumen,  3-28  of  uncrysUlUzable  sngar,  1 1-09  of 
6*38  of  vegetable  fibre,  and  the  loss  was  5*62,  including  a  vegetable  acid  not  yet  i 
gated.    Some  phosphate  of  lime  and  magnesia  are  also  present.    See  Gnc. 


SAFETY  LAMP.  I  have  reserved  for  this  place  an  account  of  the  patented  impraft> 
ment  made  upon  Davy's  lamp,  by  Messrs.  Upton  and  Roberts ;  the  latter  of  wfaon, 
having  worked  in  coal  mines  from  a  boy,  and  having  observed,  that  in  pecoliar  cireon- 
stances  the  Davy  was  insecure,  was  led  to  contrive  certain  modifications  of  it,  for  whick 
he  received,  some  years  ago,  a  reward  from  the  Society  of  Arts.  It  appears  (bom  u- 
doubted  experiments,  that  if  a  jet  of  carbtireted  hydrogen  (coal  gas  for  example)  be  im- 
pelled with  very  mcNJerate  force  against  the  side  of  the  Davy,  it  will  first  fill  the  wire 
cylinder  of  the  bumine  lamp  with  flame,  and  then  take  fire  itself  exteriorly.  Thii 
passage  of  the  flame  of  explosive  gases  through  the  meshes  of  wire  ganse  of  the  fineaen 
jnrescribed  for  safety  lamps  by  Sir  H.  Davy  was  demonstrated  in  several  trials  bcftie 
the  select  committee  of  the  House  of  Commons  on  accidents  in  mines,  by  Mr.  Pereiia, 
at  the  London  University.*  While  the  gas  is  at  rest,  relatively  to  Davy's  lamp,  the  o- 
plosion  has  never  been  known  to  pass ;  but  *'  if,"  says  Mr.  Pereira,  **  a  lamp  be  held 
before  a  jet  of  gas  until  it  becomes  hot  (a  red  heat  is  not  essential),  and  then  gently 
moved,  the  flame  will  pass,  and  the  experiment  may  be  repeated  successirely  a  numbs 
of  times  in  the  minute."  Two  layers  of  wire  gauze,  though  they  greatly  impede  the  trans- 
mission of  light,  will  still  permit  that  of  flame,  in  the  above  circumstances.  In  Upton 
and  Roberts'  lamp,  there  is  but  one  coat  of  wire  gauze,  but  it  is  enclosed  in  a  glass  c^is- 
der,  in  such  a  manner  as  to  admit  the  air  which  feeds  the  flame  only  nnder  its  bottom, 
first  through  an  annular  range  of  holes,  and  next  through  one  disc,  or  seTeral,  of  wire 
gauze,  fixed  a  little  way  below  the  wick.  The  explosive  air,  after  passing  np  thnnigh 
these  wire-gauze  discs,  enters  a  little  brass  cupola,  and  is  reflected  inwards  from  the  ori- 
fice at  its  top  upon  the  flame,  whereby  it  is  completely  burned  before  it  reaches  the  cavity 
of  the  surmounting  cylinder.  By  this  reverberatory  action  of  the  air  npon  the  wick,  the 
mtensity  of  the  light  is  at  the  same  time  greatly  augmented.  Since  the  feed  orifices  of 
the  lamp  are  snnali  in  comparison  with  the  capacity  of  the  surmounting  cage,  the  latter  does 
not  get  filled  with  flame  on  being  plunged  in  an  explosive  gaseous  mixture,  as  happens  l» 
the  naked  cage  of  Davy,  The  wire-gauze  can  never,  therefore,  become  very  hot,  far  le« 
^tedy  in  the  new  lamp.   There  are,  in  fact,  three  impediments  to  the  passage  of  the  flsDC 
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:  of  the  Umpi  first,  the  etratnin  of  caiboaic  acid  Tonad  the  light  j  lecondly,  the  wlre- 
IBC  cylinder;  aad  Ibinllf,  llie  gtua  cylinder.  The  entrance  at  Ibe  bottom  miy  be 
dB  Kcure  in  any  deaiied  degree,  by  moltiplying  the  layen  of  wire  elotb.  The  lop  is 
ilMled,  moreover,  by  a  brai*  boo],  thinugh  which  the  currents  of  carbonic  aeid  and 
rx^n  gases,  continually  ascending  from  the  burning  wick,  oppote  certain  obslactei  to 
!  Iianimiasioa  of  flame  duwmranli.  Even  should  the  glass  b«  accidentally  broken,  the 
■p  is  itill  a  complete  Dary. 

In  the  experiments  niiide  before  the  honorable  committee  at  the  London  CniTcnity, 
',  Pereim  showed,  Grat,  that  Then  a  jet  of  eoal-gas  alone,  or  an  eiploaive  miitore  of 
iLfas  and  air,  impjogal  upon  the  mire-gauze  cylinder  of  one  of  Davy'i  lamps  with  a 
tain  force,  the  flnine  generally  passed  throngh  the  meshes,  of  which  Ibere  were  from 
)  to  1034  in  the  squnre  inch.  When  a  mixture  of  four  parts  of  bydrojien  and  one 
eoal-^as  vaa  directed  in  ■  jet  upon  the  h^hled  lamps  of  Davy,  Sterenson,  Dillon, 
wd  cf  Killin{!Worlh  (ealled  the  refrigerating  lamp},  Robson,  and  Clanny,  (he  flame 
dily  passed  ;  but  when  thrown  upon  the  lamp  of  Uplon  and  Roberts,  it  did  not  once 
m,  causing  merely  sliKbt  detonations  within  the  lamp.  When  the  force  of  the  jet  waa 
imenicd,  it  exlinKuisbed  the  lighL  This  lamp  was  finally  enbjected  lo  (he  still  severw 
t  of  a  miituie  of  fnur  parts  of  atmospherical  air,  and  one  of  hydrogen  ;  yet  it  did  not 
jilode  il.  When  exposed  (o  ■  mixture  of  (wo  thirds  of  air,  and  one  of  hydr<^;en,  the 
op  was  immediately  extinguished. 

Die  rollowing,  out  of  many  certificates,  appears  to  medecisiTe  in  IhroTof  (his  jmprore 
nt  of  Davy's  lamp.  Il  comes  from  an  experienced  piiman,  in  a  very  deep  and  exien 
c  coal  mine,  which  I  know  lo  be  replete  with  explosiie  gas,  •«  I  have  myself  visited  il 
company  wilh  its  accomplished  engineer,  John  Buddie,  Esq. 

'I  hereby  certify  that  I  hate  this  day  tried  Messrs.  Upton  and  Roberts'  new  patent 
by  lamp,  in  the  Jarrow  colliery  j  and  I  state,  as  an  experienced  |Htman,  having  been 
rty-two  years  master  wasteman  in  (bat  colliery,  that  I  greatly  prefer  llii*  new  lamp 
the  common  Davy  lamp.  I  bad  it  between  five  and  six  hours  on  trial  in  the  pit.  I 
■aider  that  il  gives  about  three  limes  Ihe  light  of  the  Davy  lamp,  as  I  could  see  at  least 
I  yards  before  me  in  a  stniighl  line ;  and  (rf*  its  great  safely  I  can  have  no  doubt,  ai  it 
K  not  lill  with  flame,  as  the  Davy  does.  And  although  I  had  this  extra  light,  there 
■  much  less  oil  consumed.     I  consider  il  a  good  working  lamp." 

■•J>mivrCi>lli«r.u'><N>w<i.iU«  no  Trna.Hirch  91,1839."    (3i|i»d)  "  ROBERT  FA tBLT." 


r^.  953  is  a  vertical  s. 


9n  through  (he  middle  of  the  lamp,  a,  a,  is  (he  oil-citleru, 
showing  Ihe  fold  of  tbe  wick ;  it  is  covered  at  lop  with  A,  b, 
several  layers  of  wire  gauze ;  c,  c,  ia  the  perforated  btoia 
ring,  under  these  layers,  (br  admilting  air,  which  is  rever- 
berated upon  the  burning  wick  by  tbe  enpola  c;  d,  d,  is  (ho 
cylinder  of  glass,  surronnding  [he  wire^cloth  one  i  s,  ^  is 
Ihe  safely  brass  hood,  which  screws  down  in  the  l^ame,  m 
as  to  cover  in  Ibe  lop  of  the  glass  chimney)  /,  is  Ihe  arehod 
wire  for  suspending  Ihe  lamp  to  the  girdle  of  the  miner; 
g,  is  the  bent  tube  for  supplying  oil  to  the  cistern  ;  and  k 
is  (he  safetT'trinuner,  shown  more  distinctly  in  the  flgnn 
illuslralive  of  the  Lmpof  Divr. 

Between  the  glass  and  the  cage  there  should  he  ■ 
space  of  about  one  tenth  of  an  inch,  forming  an  """^hLT 
chimney  for  the  free  ventilation  of  the  flame ;  and  between 
the  under  edge  uf  the  hood  t,  and  the  upper  rim  of  the 
gloss,  there  should  likewise  be  an  interval,  tl  also  vent- 
holes  in  the  top  of  the  hood,  for  the  IVee  esenpe  of  the 
smoke.  The  orifice  of  the  little  tube  g,  should  be  raiher 
lower  than  the  ring  of  holes  e,  otherwise  the  oil,  when 
ineaatiously  ponrea  into  it,  might  overflow  them,  and  pre- 
vent the  lamp  fh>ni  boming.  Tlujlgmrt  it  droini  tomtiltal 
in  pertpictit*. 

At  the  naked  eage  of  Davy  often  gets  redhol  with 
fiamej  as  it  is  SMnetlmes  used  for  hoars  by  miners  in 
this  most  haiaidoua  state  t  as  (his  lamp  gives  to  little 
light  as  to  tempt  lash  men  to  renMive  its  safety-eags  ;* 
as  "it  is  upon  record,  that  taking  the  average  of  ten 
years  prevnns  to  the  inEroduclion  of  Sir  H.  Davy's 
safely  lamp,  and  allowing  one  clear  year  for  111  'Intro- 
duction, and  of  ten  yean  nfler  it  was  properly  intro- 
duced, there  had  been  donble  the  nomber  if  aed- 
denls,  and  at  leacl  donble  the  number  of  dealhi,  at 
J«*  M,  lUT.  Unitv^i^  bw^wsi*  tat  W  Iks  mtfilMSi  il  mm  mm 
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what  took  place  in  the  ten  years  previous  to  its  introdnction  ;*  as  hi*  lamp  in  expkrift 
air-courses  needs  to  be  carried  close  upon  the  bosom,  or  under  the  coat  of  the  miner;  m 
it  was  declared  by  its  illustrious  inventor  to  be  dangerous  when  exposed  to  such  cormii 
of  explosive  gas;  and  as  the  above  described  modification  of  it  is  free  from  all  these ^ 
fects  and  dangers,  1  humbly  apprehend  that  no  conscientious  proprietor  or  viewer  of  cent 
mines  will  delay  to  substitute  the  lamp  of  Upton  and  Koberts  for  the  naked  Davy,  ftr 
otherwise  he  will  certainly  stand  in  a  very  painful  predicament  before  a  coroner'a  iaqacH, 
at  the  next  mortal  casually  from  explosion. 

The  potentees  have,  I  am  told,  been  put  to  so  much  trouble  and  expense  in  tryingto 
introduce  this  life-prolcctor  into  our  cual-mines,  that  they  have  in  a  great  metioc 
abandoned  the  business.  Messrs.  Smith  of  Birmingham  have  meanwhile  undertakeilo 
make  the  lamps. 

SAFFLOW'KR.  This  dye-stuff  has  been  fully  described  under  Cajithabius  and  Rougl 

SAFFRON  (Saffrav,  Fr.  and  Geim.)  is  a  filamentous  cake,  composed  of  tk 
stigmata  of  tho  fluwcrs  iS  the  Crocus  saiitus.  It  contains  a  yellow  matter  called  ^o^ 
chro't'tpy  because  a  small  quantity  of  it  is  capable  of  coloring  a  great  body  of  water.  Tbii 
is  obtained  by  cvof uniting  the  wateiy  infusion  of  saflron  to  the  consistence  of  aa  extract, 
digesting  the  extract  with  alcohol,  and  concentrating  the  alcoholic  solution.  The 
pol}chroile  remains  in  the  form  of  a  brilliant  mass,  cf  a  reddbh-yellow  color,  traaspi* 
rent,  ond  of  the  consistence  of  honey.  It  has  the  agreeable  smell,  with  the  bitter  puagart 
taste,  of  satl'ron.  It  is  very  soluble  in  water;  and  if  it  be  stove-dried,  it  deliqueseo 
speedily  in  the  air.  According  to  M.  Henry  plre,  polychroite  consists  of  eighty  parts  of 
coloring  matter,  combined  with  20  parts  of  a  volatile  oil,  which  cannot  be  separated 
by  distillation  till  the  coloring  matter  has  been  combined  with  an  alkali.  Bymixiif 
one  part  of  shred  saffron  with  eight  parts  of  saturated  brine,  and  one  half  part  of 
caustic  ley,  and  distilling  the  mixture,  the  oil  comes  over  into  the  receiver,  and  leava 
the  coloring  matter  in  the  retort,  which  may  be  precipitated  from  the  alkaliie 
solution  by  an  acid.  The  pure  coloring  matter,  when  dried,  is  of  a  scarlet  hoe,  ud 
then  readily  dissolves  in  alcohol,  as  also  in  the  fat  and  volatile  oils,  but  spariagljii 
water.  Light  blanches  the  reddish-ytUcw  of  saffron,  even  when  it  is  contained  in  a  foil 
vial  well  corked.  Polychroite,  when  combined  with  fat  oil,  and  subjected  to  dry  diilik 
lation,  affords  ammonia,  which  shows  that  azote  i:»  one  of  its  constituents.  Sulfhnrieadd 
colors  the  solution  of  polychroite  indigo  blue,  with  a  lilach  cast ;  nitric  acid  turns  it  greei, 
of  various  shades,  according  to  the  state  of  dilution.  Protochloride  (muriate)  of  tin  pn^ 
duces  a  reddish  precipitate. 

Saffron  is  employed  as  a  seasoning  in  French  cookery.  It  is  also  used  to  tinge  coDfe^ 
tionary  articles,  liqueurs,  and  varnishes  ;  but  rarely  as  a* pigment. 

SAGO  iSagou,  Fr.  and  Germ.)  is  a  species  of  starch,  extracted  from  the  pith  of  the 
sago  palm,  a  tree  which  grows  to  tiie  height  of  30  feel  in  the  Moluccas  and  the  PliiiippiDO. 
The  tree  is  cut  down,  cleft  lengthwise,  and  deprived  of  its  pith,  which  being  washtil  with 
water  upon  a  sieve,  the  starchy  matter  conies  out,  and  soon  forms  a  deposite.  Ihistf 
dried  to  the  consistence  of  dough,  pressed  Ihroueh  a  metal  sieve  to  corn  it  (which  is  caUed 
jreaWing),  and  then  dried  over  a  fire  with  agitation  in  a  shallow  copper  ]  an.  Sago  it 
sometimes  imported  in  the  pulverulent  state,  in  which  it  can  be  distinguished  from  arrov- 
root  only  by  microscopic  examination  of  its  particles.  These  are  uniform  and  sphoiici^ 
not  unequal  and  ovoid,  like  those  of  arrow-root. 

SAL  AMMONIAC.  The  manufacture  of  this  salt  may  be  traced  to  the  renwleit 
era.  Its  name  is  derived  from  Ammonia,  or  the  temple  of  Jupiter  Ammon,  in  E«ypt| 
near  to  which  the  salt  was  originally  made.  Sal  ammoniac  exists  ready  formed  in  fev^ 
rai  animal  products.  The  dung  and  urine  of  camels  contain  a  sufficient  quantity  to 
have  renderetl  its  extraction  from  them  a  profitable  Esryplian  art  in  former  times,  in  order 
to  supply  Europe  with  the  article.  In  that  part  of  Africa,  fuel  being  very  scarce,  reconnc 
is  had  to  the  dung  of  these  animals,  which  is  dried  for  that  purpose,  by  plastering  it  up* 
the  walls.  When  this  is  aflerwanls  burned  in  a  peculiar  kind  of  furnace,  it  exhales  a  thid 
smoke,  rei)Iete  with  snl  ammoniac  in  vapor;  the  soot  of  course  contains  a  portion  of  that 
salt,  condensed  nlonq  with  other  products  of  combustion.  In  every  part  erf*  Egypt,  butei' 
pecially  in  the  Delta,  peasants  are  seen  driving  asses  loaded  with  bags  of  that  800t,oa 
their  way  to  the  sal  ammoniac  works. 

Here  it  is  extracted  in  the  following  manner.  Glass  clobes  coated  with  loam  ait 
filled  with  the  soot  pressed  down  by  wocwlen  rammers,  a  space  of  only  two  or  three  inckei 
being  left  vacant,  near  their  months.  These  globes  are  set  in  round  orifices  formed  it 
the  ridpc  of  a  long  vault,  or  larse  horizontal  furnace  flue.  Heat  is  gradually  applied  bf 
a  fire  of  dry  camels'  dune,  and  it  is  eventually  increased  till  the  globes  become  obscorely 

anHcrrwiiiir  it.  tb(iuf;h  ho  wu  well  furcwnrnrd  of  the  dnnprr.     He  Koid,  **he  could  not  ire  with  thttituH** 
mranin*^  the  Davy. — Buddh,  in  Rrjtvrt  of  Jtnuse  of  Commons,  p.  215. 

•  Dr.  Rew!  rinnny.  in  Reymrt  on  ArcidrntR  in  MincN.  p.  38.  I  «»li!w»iTe  that  in  Sjrkri*  X«c«/  Reemis^ 
the  counties  of  Durham  and  Northuinbcrlnnd,  corrected  by  J.  Buddie,  Eaq.,  ther«  an  540  dMiLi  W 
eiploaitos,  between  June,  1817,  ud  Jane,  18S5.    What  a  bum  of  ndaeiyto  tka  fiuBiUM  of  tht  MdbiMl* 
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9  Tolatile  nl  a  leinpcralure  much  below  ignition,  it 
Q(c«  out  or  the  soot  in  vapor,  and  gets  eon Jensed  into  a  cnke  upon  tlie  inner  surface  of 
^ia  lop  of  the  globr.  A  considerable  portion,  however,  escapes  into  the  nir ;  anJ  another 
HKtion  coDcrelei  in  the  moath,  which  must  be  cleaied  from  lime  to  lime  b)'  an  iron  rod. 
Toirards  the  end,  the  obstruction  becomes  very  troublesome,  and  must  be  most  CBrefulljr 
Mtendcd  to  and  obviated,  otherwise  the  globes  woulil  eiplode  bjr  (he  uncondcnsed 
TCipon.  In  all  cases,  when  Ihe  subliming  process  approaches  to  a  conclusion,  Ihe 
flobes  crack  ur  split )  and  when  they  come  to  be  removed,  after  the  hent  has  subsided, 
(hej  usually  Tall  In  pieces.  The  upper  portion  of  the  mass  is  separated,  because  to  jl  the 
Vbile  sail  adheres;  and  on  detaching  the  pieces  of  iloss  with  a  hatchet,  il  is  ready  for  the 
■Krket.  At  Ihe  boltom  of  each  balloon  a  nucleus  of  salt  remains,  smrounded  with  Gied 
paKerulent  matter,  'i'his  is  reserved,  and  aAer  being  bruised,  is  pnl  in  along  with  the 
«h«n(e  of  sool  in  n  fresh  operation. 

The  sal  ammoniac  obtained  bj  Ihis  process  is  dull,  sponey,  and  of  a  erayish  huei 
bot  nothing  belter  was  fur  a  lone  perio<l  known  in  commerce.  Forty  years  ago,  it 
ftlchcd  2j.  Gii.  a  pound  ;  now,  perfectly  pure  sal  ammoniac  may  be  had  at  one  GHh  pan 
«r  that  price. 

Vni  ions  animal  offnls  develop  during  their  spontaneous  putrefactive  fcrmenlation,  or 
tbeir  drcumiiosition  b)*  heat,  a  large  quantity  of  free  o>  carbonated  ammonia,  anion;  their 
Vtdatile  products.  Upon  this  principle  many  sat  ammoniuc  works  have  been  eslablisbed. 
1b  the  ilestructive  distillalion  of  pilcoat,  there  is  a  considerable  quantity  of  auiuioniacal 
producis,  which  are  abo  worked  up  into  sal  ammoniac. 

I'hc  Erst  attempts  made  in  France  to  obtain  sal  ammoniac  profitably  in  this  manner, 
friled.  A  very  extensive  factory  of  the  kind,  which  experienced  the  same  Tale,  waa 
tnder  the  superintendence  of  Ihe  celebrated  Baumr,  and  aflbrds  one  onl  of  a  thousand 
laslaiiees  where  theoretical  chemists  have  shown  their  tola]  incapacity  lor  conducting 
opcralions  on  ihe  scale  uf  manufacturing  economy.  It  was  established  al  Gravelle  neat 
Chaienton,  and  caused  a  loss  lo  the  shareholders  in  Ihe  speculation  of  upwards  of 
400,U(;0  francs.  This  result  dosed  Ihe  concern  in  ITST,  aHer  a  foolish  manipulation  of 
(7  I'eors.  For  ten  yearsafler  that  event,  all  Ihe  sal  ammoniac  consumed  in  France  was 
imporled  into  it  from  foreign  conniries.  Since  then  Ihe  two  works  of  MM.  Payen 
■■d  Plavinet  were  mounted,  and  seem  lo  have  been  tolerably  snceessful.  Coal  sool  was, 
prior  to  the  introduction  of  the  gas-works,  a  good  deal  used  in  Great  Britain  foroblaining 
•■1  smmoninc.  In  France,  bones  and  other  animal  matters  ore  distilled  in  targe  iron  rclorta, 
fcr  the  manufacture  orboth  animal  charcoal  and  sal  ammoniae. 

These  retorts  nre  iron  cylinders,  2  or  3  feel  in  iliameter,  and  6  feet  long.     Figs.  9M, 
ud  955,  show  ihe  form  of  the  furnacej  and  the  manner  in  whirl     ' 
854 
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«ri»nced    Ihe  fir't  bemg  a  longitu  linal  the  second  a  trans 

Cl«  under  the  grnlei ,  a,  Ihe  fireplaces  arched  ov  er  al  top  c  the  vault  or  bench  of  fire- 
icks,  perforated  inside  wilh  eight  flues  for  dislributine  the  flame  ;  d,  a  great  arch,  with 
«  triple  voussoir  r>  d',  d",  under  which  the  retorts  are  set.  The  first  arch  n,  is  perforated 
with  twenty  vent-holes;  the  second,  with  four  ven^holesl  Ihrouch  which  the  flame 
pwuiea  to  the  ihird  arch,  and  ihencc  lo  Ihe  common  chimney-stalk.  The  rclorls  e,  are  shut 
by  the  doorc'  (Jig.  955),  luted,  and  made  fast  with  screw-bolts.  Their  other  endst"  ter- 
minate in  lubes  /,/,/,  which  all  enter  the  main  pipe  *.  The  condensing  pipe  proceeds 
tlant i ml y  downwards  from  the  further  endof  ft,  and  dips  into  a  large  sloping  iron  cylinder 
immersed  in  cold  water.    See  Gas-l[(;iit  and  Stove,  for  a  better  plan  of  fnmace. 

The  filters  used  in  the  large  sal  ammoniac  works  in  Fi«nce  are  represented  in  fif. 
956.  I'hc  apparatus  consists— I.  of  a  wooden  chat  a,  lined  with  lead,  and  which  u 
tamed  over  at  the  edses;  a  socket  of  lead  b,  soldered  into  the  lowesi  pari  of  Ihe  bollomt 
•errw  to  diKharge  the  Ihiiiid  t  2.  of  ■  wooden  crib  or  gralins  IbnDed  of  roanded  radf^ 
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u  shown  in  ibc  «rcl 

on  r,  e,  and  the  plan   d ;  thii  fcrating  i*  mpportad  one  tMk  It  tal 

nd  set  tnily  honionlHl,  br  a  lerie*  of   wtdtra;    3.  i£  u  qa 

fmhric  of  cnvaw  o 

r  EtroDE  calico,  laid  on  the  gniin«,  and  Mcnrcd  over  the  dn 

(0  u  10  keep  il  teau 

.    A  large  wooden  rewnroir/,  lioed  wilb  le«d.  rnnuibal  •«■ 

eoTer,  U  placed  under  each  of  the  fillera ,  a  jiainp  Ihrom  back  once  or  iwifle  BpM  W 
ihen  whal  hu  alrend;  passed  through.  A  common  resen-oir  g,  below  the  othen,  av 
be  made  to  communicale  at  pleasure  with  one  o[  tbem,  bj  mmna  of  tDiermcdiaic  tar- 

The  two  bailers  for  evaporalint;  and  decomposio;  art  made  of  lead,  abaat  one  fsnU 
of  an  inch  thick,  set  upon  a  fire-brick  vault,  lo  protect  them  froni  the  direel  actioi 
of  the  flame.  Through  Ihe  whole  extent  of  their  bottoms  aboTC  the  vault,  bocwmul 
eut-iroa  plates,  supported  b;  ledges  and  brick  coffipartments,  compel  the  Bane  vi 
burned  air,  as  they  issue  from  the  areh.  to  percur  minf  sianositiea  before  thef  piM  wt 
(he  chimncT.  This  floor  of  cast  iron  is  intended  to  support  the  bullom  of  the  bote 
and  to  diffuse  tbe  beat  more  equably.  The  leaden  boilers  are  SDriQanded  with  hrid- 
work,  and  supported  at  their  ed^s  with  a  wooden  frame.  The;  majr  be  emptied  « 
pleasure  iuto  lower  receivers,  called  ery^tallizers,  by  meant  of  leaden  sypbooi  aad  baf- 
Becked  funnels. 

The  crystallizers  are  wooden  chests  lined  with  lead,  IS  inches  deep,  3  or  tttA 
broad,  and  from  6  to  8  feet  lout; ;  and  may  be  inclined  lo  one  side  at  pleasure.  A  mead 
cistern  receives  Ihe  drainings  of  (be  mother-waters.  Tbe  pnmp  is  made  oT  lead,  haideael 
with  antimonT  aod  tin. 

Tbe  subliminic  furnaee  is  shown  in  figs.  957  snd  958,  by  a  Iransver^ie  and  looptefr 
nal  section,  a  is  theash-pitj  i,  the  erale  and  fire-place  ;  c,  Ihe  arch  above  them.  Tlu 
arch,  destined  to  protect  the  bottles  from  the  direel  action  of  Ihe  fire,  is  perforated  wilk 
vent-holes,  to  give  a  passage  lo  the  products  of  combustion  between  the  siiblimiog  iiwfc 
4,  d,  are  bars  of  iron,  upon  which  the  bottoms  of  the  bottles  rest ;  e,  stoneware  boula^ 
protected  bjr  a  coating  of  loam  from  the  Bame. 

Fig.  959  shows  tbe  east-iron  plates,  a,b,  c,  which,  placed  above  the  vaolu,  n 
two  bottle*  in  a  doable  circular  opening. 

At  the  eitremitr  of  the  above  ftirnace,  a  second  one,  called  the  drier,/;.  960,  n 


producls  of  Ihe  combustion  of  the  first,  nt  a,  under  boiiiontal  east-iroo  plates,  and  opca 
which  the  bottom  of  a  ratbet  shallow  boiler  b,  rests.      After  passing  twice  under  tlKW 
plates,  round  a  longitudinal  briek  partition  b,  b',  b",  the  products  of  combustioD  enter  the 
smoke  chimney  c.    8ee  plan.jig.  961. 
The  boiler  tet  oret  thia  fiuaace  should  have  no  soldered  joiiitt.    It  mar  be  3|  ftel 
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liroftd,  9  or  10  feet  long,  and  1  foot  deq».     The  concrete  sal  ammoniac  may  be  cniahed 
under  a  pair  of  edge  millstones,  when  it  is  to  be  sold  in  powder. 

Bones,  blood,  flesh,  horns,  hoofs,  woollen  rags,  silk,  hair,  scrapings  of  hides  and 
leather,  &c.,  may  be  distilled  for  proearing  ammonia.  When  bones  are  nsed,  the 
residnnm  in  the  retort  is  bone  black.  The  charcoal  from  the  other  substances  will  serve 
tor  the  manufacture  of  Prussian  blue.  The  bones  should  undergo  a  degree  of  calcination 
i>eyond  what  the  aramoniacal  process  requires,  in  order  to  convert  them  into  the  best  bone 
Mack ;  but  the  other  animal  matters  shouki  not  be  calcined  up  to  that  point,  otherwise  they 
•re  of  little  use  in  the  Prussian  blue  works.  If  the  bones  be  calcined,  however,  so  highly 
•s  to  become  glazed,  their  decoloring  power  on  sirups  is  nearly  destroyed.  The  other 
sobstances  should  not  be  charred  beyond  a  red-brown  heat. 

The  condensed  vapors  from  the  cylinder  retorts  afford  a  compound  liquor  holding  car- 
bonate of  ammonia  in  solution,  mixed  with  a  large  quantity  of  empyreumatic  oil,  which 
floats  at  top.  Lest  incrustations  of  salt  should  at  any  time  tend  to  obstruct  the  tubes,  a 
pipe  should  be  inserted  within  them,  and  connected  with  a  steam  boiler,  so  as  to  blow 
steam  through  them  occasionally. 

The  whole  liquors  mixed  have  usually  a  density  of  8°  or  9"  Baum^  (1*060).  The 
simplest  process  for  converting  their  carbonate  of  ammonia  intd  muriate,  is  to  saturate 
them  with  muriatic  acid,  to  evaporate  the  solution  in  a  leaden  boiler  till  a  pellicle 
appears,  to  run  it  off*  into  crystaltizers,  and  to  drain  the  crj'stals.  Another  process  is,  to 
decompose  the  carbonate  of  ammonia,  by  passing  its  crude  liquor  through  a  layer  of 
sulphate  of  lime,  3  or  4  inches  thick,  spread  upon  the  filters,  Jig,  956.  The  liquor  may 
be  laid  on  with  a  pump ;  it  should  never  stand  higher  than  1  or  2  inches  above  the 
surface  of  the  bruised  gypsum,  and  it  should  be  closely  covered  with  boards,  to  prevent 
the  dissipation  of  the  volatile  alkali  in  the  air.  When  the  liquor  has  passed  through 
the  first  filter,  it  must  be  pumped  upon  the  second ;  or  the  filters  being  placed  in  a  terraee 
form,  the  liquor  from  the  first  may  flow  down  upon  the  second,  and  thus  in  suc- 
cession. The  last  filter  should  be  formed  of  nearly  fresh  gypsam,  so  as  to  ensure  the 
thorough  conversion  of  the  carbonate  into  sulphate.  The  resulting  layers  of  carbonate 
of  lime  should  he  washed  with  a  little  water,  to  extract  the  sulphate  of  aomionia  inter- 
posed among  its  particles.  The  ammoniacal  liquor  thus  obtained  must  be  completely 
saturated,  by  adding  the  requisite  quantity  ot  sulphuric  acid ;  even  a  slight  excess  of  acid 
can  do  no  harm.  It  is  then  to  be  evaporatcJ,  and  the  oil  must  be  skimmed  ofi*  in  the  course 
of  the  concentration.  When  the  liquid  sulphate  has  acquired  the  density  of  about  1*160, 
sea  salt  should  be  added,  with  constant  stirring,  till  the  whole  quantity  equivalent  to  the 
double  decomposition  be  introduced  into  the  lead  boiler. 

The  fluid  part  must  now  be  drawn  oflf  by  a  syphon  into  a  somewhat  deep  reservoir, 
where  the  impurities  are  allowed  'to  subside;  it  is  then  evaporated  by  boiling,  till  the 
sulphate  of  soda  falls  down  in  sranular  cr>'stals,  as  the  result  of  the  mutual  reaction  of  the 
sulphate  of  ammonia  and  muriate  of  soda;  while  the  more  soluble  muriate  of  ammonia 
remains  in  the  liquor.  During  this  precipitation,  the  whole  must  be  occasionally  agitated 
with  wooden  paddles;  the  precipitate  being  in  the  intervals  removed  to  the  cooler  portion 
of  the  pan,  in  order  to  be  taken  out  by  copper  rakes  and  shovels,  and  thrown  into  draining- 
hoppers,  placed  near  the  edees  of  the  pan.  The  drained  sulphate  of  soda  must  be  after- 
wards washed  with  cold  water,  to  extract  all  the  adhering  sal  ammoniac. 

The  liquor  thus  freed  from  the  greater  part  of  the  sulphate,  when  sufficiently  concen- 
trated, is  to  be  drawn  oflf  by  a  lead  syphon,  into  the  crystaUizers,  where,  at  the  end 
of  20  or  30  hours,  it  afifords  an  abundant  crop  of  crystals  of  sal  ammoniac  The  mother- 
water  may  then  be  run  off,  the  cr^stallizers  set  aslope  to  drain  the  salt,  and  the  salt  itself 
must  be  washed,  first  by  a  weak  solution  of  sal  ammoniac,  and  lastly  with  water.  It 
must  be  next  desiccated,  by  the  apparatus  jig.  960,  into  a  perfectly  dry  powder,  then 
imt  into  the  subliming  stoneware  balloons,  by  means  of  a  funnel,  and  well  rammed  down. 
The  mouth  of  the  bottle  is  to  be  closed  with  a  plate  or  inverted  pot  of  any  kind.  The 
fire  must  be  nicely  regulated,  so  as  to  aficct  the  sublimation  of  the  pure  salt  from  the 
under  part  of  the  bottle,  with  due  regularity,  into  a  white  cake  in  the  upper  part.  The 
neck  of  the  bottle  should  be  cleared  from  time  to  time  with  a  long  steel  skewer,  to 
prevent  the  risk  of  choking,  and  consequent  bursting ;  but  in  spite  of  every  precaution, 
several  of  the  bottles  crack  almost  in  every  operation.  In  Scotland,  sal  ammoniac  is 
sublimed  in  cast-iron  pots  lined  with  thin  fire-tiles,  made  in  segments  accommodated  to> 
the  internal  surface  of  the  pots ;  the  vapor  being  received  and  condensed  into  cakes, 
within  balloons  of  green  glass  set  over  their  mouihs.  The  salt,  when  taken  out,  and  freed 
by  scraping  from  any  adhering  ochreous  or  other  impurities,  is  ready  for  the  market,  beinf 
sold  in  hollow  spherical  masses.  The  residuum  in  the  pots  or  bottles  may  be  partially 
worked  up  in  another  operation.  The  greatest  evil  is  produced  by  the  mixture  or  even 
eontact  of  iron,  because  its  peroxyde  readily  rises  in  vapor  with  the  sal  ammoniac,  and  tinges 
itof  a  red  or  yellow  color. 

The  most  ordinary  proceis  for  converting  the  smmoDiaeal  Ikiuor  of  the  gas-woiki  int^ 
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»1  mmmoDiae,  is  to  satanite  it  with  snlphuric  acid,  tnd  to  deeompoie  the  talplMte,  flH 
formed,  by  the  processes  above  described.  But  muriatic  add  will  be  pceferred,  wberei 
it  as  cheap  as  sulphuric  of  equivalent  saturating  power ;  becaaie  •  tqleimbly  pore  fld 
ammoniac  is  thereby  directly  obtained.  As  the  coal-gat  liqaor  eonttunt  a  good  deal  d 
solphureted  hydros^n,  the  saturation  of  it  with  acid  should  be  to  eondocted  at  to  ban 
the  disengaged  noxious  Ka^es  in  a  chimney.  Formerly  kviiMui  orine  wat  Tery  eUct* 
sively  empluycd,  both  in  thi^  country  and  in  France,  in  the  manufaclare  of  tal  ammtnaf) 
but  since  the  general  establishment  of  gas-works,  it  bat  been,  I  beliere^  afaaadoaed.  The 
process  was  exceedinely  offensive. 

The  best  white  sal  ammoniac  is  in  spheroidal  cakes  of  about  one  fool  diameteri  tlucc 
or  four  inches  thick  in  the  middle,  S4>mewhat  thinner  at  the  edges,  and  it  temi-timBtpaial 
or  translucent.  Each  lump  weii^hs  about  one  quarterof  a  cwL  At  it  it  easily  volaliliad 
by  heat,  it  may  be  r^ulily  examined  as  to  its  sophistication  with  otker  taltt.  Sal 
has  a  certain  tenacity,  and  is  flexible  under  the  hammer  or  pestle.  It  it  principally 
in  tinnini;  of  cast-iron,  wrought  iron,  copper,  brass,  and  for  making  the  Taiioas 
preparations  of  pharmacy. 

In  a  chemical  factory  near  Glasgow,  7200  gallons  of  ammoniaeal  liquor,  obtained  weekly 
from  the  i^s-works,  are  treated  ns  follows :  — The  liquor  is  first  rectified  by 
from  a  wacon-shaped  wrousht-iron  boiler,  into  a  square  cistern  of  iron  lined  witk 
4500  lbs.  of  sulphuric  acid,  of  specific  gravity  1*625,  are  then  slowly  added  to  the 
what  concentrated  distilleJ  water  of  ammonia.  The  produce  is  2400  galkms  of  tnlplali 
of  ammonia,  slightly  acidulous,  of  specific  gravity  1*150,  being  of  tuch  strength  at 
deposite  a  few  crystals  ui>on  the  sides  of  the  lead-lined  iron  tank  in  which  the  r  *' 
bination  is  made.     It  is  decomposed  by  common  salt. 

From  the  7200  gallons  of  the  first  crude  liquor,  900  gallons  of  tar  are  got  by 
and  200  i^llons  of  petroleum  are  skimmed  otf  the  surface.    The  tar  it  coiiTeitedy  by  a 
moderate  boiline  in  iron  pans,  into  good  pitch. 

SALAMSTONR.    See  Lapidary. 

SALEP,  or  SALOUP,  is  the  name  of  the  dried  tuberous  rooU  of  the  OrdUi^  » 
ported  from  Persia  and  Asia  Minor,  which  are  the  product  of  a  great  many  tpeeiet  of  the 
plant,  but  especially  of  the  Orchu  mascnJa.  Salop  ocean  in  commerce  in  tmall  ofil 
grains,  of  a  whitish-yellow  color,  at  times  semi-transparent,  of  a  homy  atpect,  Tery  iaig 
with  a  faint  peculiar  smell,  and  a  taste  like  that  of  gum  tragacanth,  bat  tightly  tallae. 
These  are  composed  almost  entirely  of  starchy  matter,  well  adapted  fur  making  a  thick 
pap  with  water  or  milk,  and  are  hence  in  great  repute  in  the  Levant,  as  restorers  of  the 
aniihal  forces.  Their  aphrodisincal  properties  are  apocryphal.  If  the  largest  roots  if 
the  Orchid  mascula  of  our  own  country  were  cleaned,  scraped,  steeped  for  a  short  time  is 
hot,  ami  then  for  a  few  minutes  in  boiling  water,  to  extract  their  rank  flavor,  afterwaidi 
suspended  upon  strings  to  dry  in  the  air,  they  would  afford  as  nourishing  and  palatable  sa 
article  as  the  Turkey  saloup,  and  at  a  vastly  lower  price. 

SALICiNE,  is  a  febrirusre  substance,  which  may  be  obtained  in  white  pearly  crystsh 
from  the  bark  of  the  white  willow  (Salix  alba),  of  the  aspen  tree  [Saiix  hflU),  as  abacf 
some  other  willows,  and  some  poplars.     It  has  a  very  bitter  taste. 

SAL  PRUXELLA,  is  fused  nitre  cast  into  cakes  or  balls. 

SAL  VOLATILE,  is  sesquicnrbonate  of  ammonia. 

SALT,  EPSOM,  is  sulphate  of  magnesia. 

SALT,  MICKOCOSMIC,  is  the  triple  phosphate  of  soda  and  ammonia. 

SALT  OF  AMBER,  is  succinic  acid. 

SALT  OF  LEM0X5»,  is  citric  acid. 

SALT  OF  SATURN,  is  acetate  of  lend. 

SALT  OF  SODA,  is  carbonate  of  soda. 

SALT  OF  SORRKL,  is  bi-oxalate  of  potassa. 

SALT  OF  TARTAR,  is  carbonate  of  potassa. 

SALT  OF  VITRIOL,  is  sulphate  of  tine. 

SALT  PERL  ATE,  is  phosphate  of  soda. 

SALTPETRE,  is  nitre,  or  nitrate  of  potassa. 

SALT,  .SEDATIVE,  is  boracic  acid. 

SALTS,  are  an  important  class  of  chemical  compounds,  anciently  studied  nnder  Ihe 
Ckeck  title  of  Halurgy,  At  one  period  every  inorganic  substance  readily  soluble  It 
water,  was  regarded  as  a  salt ;  and  aAerwards,  every  substance  soluble  in  Ave  hondred 
times  its  weight  of  water.  Thus  both  acid  and  alkaline  bodies  came  to  be  enroHed  atKNlf 
salts;  but  latterly,  the  combinations  of  the  acids  with  alkalis, earths,  and  metaUie  eaket 
(now  styled  oxydes),  were  alone  thought  to  be  entitled  to  the  denomination  of  talts,  in 
ceasequence  of  their  reftemblince  in  appearance,  and  supposed  analogy  in  oorapoeitiM^ 
to  eulinary  salt.  Since  Sir  H.  Davy  demonstrated  that  this  snbstanee  eontaiaed  neiter 
acid  nor  alkaline  matter,  but  that  it  consisted  of  chlorine  and  the  metal  sodiwi^  the* 
fMMraUty  of  ehemittt  iboad  it  impoetiUe  to  indode  taltt  nnder  oae  cattguiy  of 
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tatioQ ;  while  ft  few  hftve  rashly  offered  to  cot  the  knot,  hy  eieladiBg  ftom  the  Bftllne 
Aunily,  chloride  of  sodiam,  the  patriarch  of  the  whole. 
Saits  may  he  justly  divided  into  three  orders : 

1.  The  binary,  consisting  of  two  single  members;  such  as  the  bramides,  chlorides, 
cyanides,  fluorides,  iodides,  carburets,  phosphurets,  sulphurets,  &c. 

2.  The  bi-binary,  consisting  of  two  double  members ;  such  as  the  borates,  bromates, 
carbonates,  chlorates,  sulphates,  sulphites,  hyposulphites,  sulphohydrates,  &e. 

3.  The  ternary,  consisting  of  two  single  members  of  one  genus,  and  one  member  of  an- 
other ;  such  as  the  boro-fluorides,  silico-fluorides,  sulpho-cyanides,  ehloriodides,  &c. 

The  speciej»  of  each  order  may  exist  in  three  states,  constituting  neutral  salts,  snper- 
«alts,  and  subsalts ;  as  for  example,  the  chloride  of  sodium,  the  bisulphate  of  potassa, 
<he  subnitrate  of  lead,  &c 

In  the  above  arrangement,  cyanogen  is  allowed  to  represent  a  simple  substance,  fh>m 
its  forming  analogous  compounds  with  chlorine  and  iodine.  The  neutral  state  of  salfe  is 
commonly  indicated  by  their  solutions  not  changing  the  colors  of  litmus,  violets,  or  red 
cabbage ;  the  sob-state  of  salts,  by  their  turning  the  violet  and  cabbage  green ;  and  the 
super-slate  of  salts,  by  their  changing  the  purple  of  litmus,  violets,  and  cabbage,  red;  bat 
to  the  generality  of  this  criterion  there  are  some  exceptions.  The  atomic  theory  may  be 
cdvantageously  resorted  to,  in  this  predicament.  1.  When  one  prime  equivalent  of  the 
one  member  (whether  single  or  double)  of  a  salt,  combines  with  one  prime  of  the  other 
nember,  a  neutral  salt  is  the  result,  as  in  chloride  of  sodium  or  nitrate  of  potassa.  2, 
When  two  primes  of  the  electro-negative  member  combine  with  one  prime  of  the 
electro-positive,  a  supersalt  is  formed,  as  bichloride  of  tin,  or  bisulphate  of  potassa. 
3.  When  one  prime  oif  the  electro-negative  member  combines  with  two  or  more  primes 
of  the  electro-positive,  a  subsalt  is  produced,  as  the  subacetate  and  subchromate  of 
lead,  &e. 

SALT,  SEA,  or  CULINARY ;  chloride  of  todtam ;  muriaie  of  soda,  {HydroddoraU  de 
mrndtj  Fr. ;  Chlomatrinm,  Germ.)  Sea  salt,  or  rock  salt,  in  a  state  of  purity,  consists  of 
60  of  chlorine  -[-  40  of  sodium,  in  100  parts. 

This  important  species  of  the  saline  class  possesses,  even  in  mass,  a  crystalline  stme- 
tare,  derived  from  the  cube,  which  is  its  primitive  form.  It  has  generally  a  foliated 
texture,  and  a  distinct  cleavage;  bat  it  has  also  sometimes  a  fibrous  structure.  The 
tnassiye  salt  has  a  vitreous  lustre.  It  is  not  so  brittle  as  nitre ;  it  is  nearly  as  hard  as 
«lam,  a  little  harder  than  gypsum,  and  softer  than  calcareous  spar.  Its  specific  gravity 
varies  from  2-0  to  2*25.  When  pure,  it  is  colorless,  translucent,  or  transparent.  .On  ex- 
posure to  heat,  it  commonly  decrepitates;  but  some  kinds  of  rock  salt  enter  quietly  into 
fusion  at  an  elevated  temperature,  a  circumstance  which  has  been  ascribed  to  their  having 
been  originally  subjected  to  the  action  of  fire. 

According  to  M.  Gay  Lussac,  100  parts  of  water  dissolve — 
35  81  parts  of  the  salt,  at  temperature  57-0*  Fahr. 
35-88  —  62-5P 

3714  —  1400»  .. 

4038  —  229-y 

Native  chloride  of  sodium,  whether  obtained  from  the  waters  of  the  ocean,  firom  saline 
lakes,  from  salt  sprinsrs,  or  mineral  masses,  is  never  perfectly  pure.  The  foreign  matters 
present  in  it  vary  with  its  diflerent  origins  and  qualities.  These  are,  the  sulphates  of 
Ume,  innsnesia,  soda,  muriates  of  magnesia  and  potash,  bitumen,  oxyde  of  iron,  clay  in  a 
state  of  dttTusion,  &c. 

Muriate  of  potash  has  been  detected,  in  the  waters  of  the  ocean,  in  the  sal-gem  of 
Berchtes?aden  in  Bavaria,  of  Hallein  in  the  territory  of  Salzbourg,  and  in  the  salt  springs 
of  Rosenheim. 

The  more  heterogeneous  the  salt,  the  more  soluble  is  it,  by  the  reciprocal  afiinity  of  its 
different  saline  constituents ;  and  thus  a  deUeate  hydrometer,  plunged  in  saturated  brine, 
may  serve  to  show  approximately  the  quality  of  the  salt.  I  find  that  the  specific  gravity 
of  a  saturated  solution  of  large-grained  cubical  salt,  is  M962  at  60^  F.  100  parts  of 
this  brine  contain  25|  of  salt,  (100  w. -f-34«2  s.)  From  mutual  penetration,  100 
Tolnmes  of  the  aqueous  and  saline  constituents  f<Hin  rather  less  than  96  of  the 
solution. 

Amon?  the  varieties  in  the  form  of  this  salt,  the  octahedral,  the  cubo-octahedral,  and 
the  dodecahedral,  have  been  mentioned ;  but  there  is  another,  called  the  funnel  or  hopper- 
ahaped,  which  is  very  common.  It  is  a  hollow  rectangular  pyramid,  which  forms  at  the' 
snrfhee  of  the  saline  solution  in  the  course  of  its  evaporation,  commencing  with  a  sraaD 
floatin?  cube,  upon  which  lines  of  other  little  cubes  attach  themselves  to  the  edges  of  the 
npper  faee ;  whereby  they  form  and  enlarge  the  sides  of  a  hollow  pyramkl,  whose  apex, 
the  single  cubic  erystal,  is  downward.  This  sinks  by  degrees  at  the  aggregntkm  goes  OA 
above,  till  a  pyramidal  boat  of  oonsiderable  sine  ie  eomilmied* 
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OrifiA  of  the  Salt. 


white 


Saltern  Of  Vic  ^^* 
Cheshire, 


crashed 

Salt  from  Salt  Springs  : 
SehoDbeck,  Westphalia 

Motttiers       \  Jes  corie. 

I  boilers 
Chitcau  Salins 
White  of  Sulz      - 
LudwiKshall,       middle 

grained 
KcBnigsborn,  Westphalia 

Sea  salt,  half  white 
,  of  Saint  Malo 


Common  Scottish  salt 
Lymington,  common    - 
,  eat 


[Cheshire,  stoved 


Chloride 

of 
Sodium. 


99-30 
99-80 

98-33 


93-90 
97-17 
93-59 
97-82 
96-88 

99-45 
95-90 

97-20 

96- 

93-55 

93-7 

98-8 

98-25 


Morimte 

of  Mac- 

Deeia. 


0-02 


0-30 
0-25 
0-61 
2-12 
3-12 


0-004 

0-30 

2-80 

1-1 

0-5 

0-075 


Muriato 
of 


Solphjte 

of 

Soda. 


0-27 


1-00 
2-00 
5*55 


005 


0-025 


Soli 
of 


0-58 
0-25 


0-050 

0-45 
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The  geological  position  of  rock  salt  is  between  the  coal  formation  and  the  lias.    Tie 
great  rock-salt  formation  of  England  occurs  within  the  red  marl,  or  new  re^  "■yfstflf, 
the  buntersandttiin  of  the  Germans,  so  called,  because  its  colors  Tary  from  red  t» 
jj       salmon  and  chocolate.     This  mineral  stratum  fiequcntly  presents  streaks  of  light  Use, 
™        verdigris,  buff,  or  cream  color ;  and  is  chiefly  remarkable  tor  containing  consideraUe 
masses  or  btfds  of  irypsum.     At  Northwich,  in  the  vale  of  the  Weaver,  the  rock  salt 
consists  of  two  beds,  together  not  less  than  60  feet  thick,  which  are  supposed  to  coe- 
stitute  large  insulated  masses,  about  a  mile  and  a  half  Ion?,  and  nearly   1300  yardi 
broad.     There  are  other  deposilesof  rock  salt  in  the  same  valley,  but  of  inferior  !■► 
portancc.     The  uppermost  bed  occurs  at  75  feet  beneath  the  surface,  and  is  coverad 
with  many  layers  of  indurated  red,  blue,  and  brown  clay,  interstratified   more  or  Ic» 
with  sulphate  of  lime,  and  interspersed  with  arsillaceous  marl.    The  second  bed  of  nA 
salt  lies  3l|  feet  below  the  first,  being  separated  from  it  by  layers  of  indurated  clay,  will 
veins  of  rock  salt  running  through  them.    The  lowest  bed  of  salt  was  excavated  to  a  depll 
of  1 10  feet,  several  years  ago. 

The  beds  or  masses  of  rock  salt  are  occasionally  so  thick,  that  they  have  not  been  yeC 
bored  through,  though  mined  for  many  centuries.  This  is  the  case  with  the  inuneine 
mass  of  Wieliczka,  and  the  lower  bed  at  Northwich.  But  in  ordinary  cases,  this 
thickness  varies  from  an  inch  or  two  to  12  or  15  yards.  When  the  strata  are  tliia, 
they  are  usually  numerous ;  but  the  beds,  layers,  or  masses  never  exhibit  throughout  a 
great  extent  any  more  than  an  illusory  appearance  of  parallelism ;  for  when  they  are 
explored  at  several  points,  enlargements  are  observed,  and  such  diminutions  as  eame 
the  salt  to  disappear  sometimes  altogether.  This  mineral  is  not  deposited,  therefore,  ia 
a  geological  stratum,  but  rather  in  lenticular  masses,  of  very  variable  extent  and  thick> 
ness,  placed  alongside  of  each  other  at  imequal  distances,  and  interposed  between  the 
courses  of  the  other  formations. 

Sometimes  the  rock  salt  is  disseminated  in  small  masses  or  little  veins  among  the  cal- 
careous and  argillaceous  marls  which  accompany  or  overlie  the  greater  depoeites.  Bitu- 
men, in  small  particles,  hardly  visible,  but  distinguishable  by  tfaie  smell,  occurs  in  all  the 
minerals  of  the  saliferous  system. 

It  has  been  remarked,  that  the  plants  which  grow  generally  on  the  sea  shoret,  such  at 
the  TriglochvHum  marUimum,  the  Salicomia,  the  SalMla  kaliy  the  jitter  trifbttutn^  or  ftre- 
well  to  summer,  the  Glaux  maritima,  &c.,  occur  also  in  the  neighborhood  of  salt  miDei 
and  salt  springs,  even  of  those  which  are  most  deeply  buried  beneath  the  surface. 

The  interior  of  rock-salt  mines,  after  digging  through  the  strata  of  clay  mail,  Ite.  ii 
extremely  dry ;  so  that  the  dust  produced  in  the  workings  becomes  an  annoyance  to  the 
miners,  though  in  other  respects  the  excavations  are  not  at  all  insalubrious. 

fislt  springs  occur  nearly  in  the  same  circumstances,  and  in  the  same  gedogioal  Ifann- 
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ation  as  the  salt  rock.  It  has  been  noticed  that  salt  spings  issue,  in  general,  from  the 
upper  portion  of  the  saliferons  strata,  principally  from  the  saline  clay  maris.  Cases 
however  occur,  where  the  salt  springs  are  not  accompanied  by  rock  salt,  and  where  the 
whole  saline  matter  is  derived  from  the  marls  themselves,  which  thus  constitute  the  only 
taliferous  beds. 

It  has  been  imagined  that  there  are  two  other  periods  of  geological  formation  of  this 
substance ;  one  much  more  ancient,  belonging  to  the  transition  series  of  rocks;  the  other 
relatively  modern,  among  secondary  strata.  To  the  former  has  been  referred  the  salt  for- 
mation of  Bex,  that  of  Cardonne,  &.c.  But  M.  Brongniart  assigns  valid  reasons  for  re- 
jecting this  supposition.  M.  Bendant,  indeed,  refers  to  the  secondary  strata  above  the 
chalk,  the  rock-salt  formation  of  Wieliczka,  and  of  the  base  of  the  Carpathians;  placing 
these  among  the  plastic  clay  and  lignites. 

The  mines  of  rock  salt  do  not  appear  to  possess  any  determinate  elevation  upon  the 
surface  of  the  earth.  Immense  masses  of  it  are  met  with  at  very  great  depths  below  the 
level  of  the  sea,  (the  mine  of  Wieliczka  is  excavated  800  feet  beneath  the  soil,)  and 
others  exist  at  a  considerable  altitude,  as  that  of  Hallein  near  Salzbourg,  which  is  3300 
feet  above  the  level  uf  the  sea,  and  the  saline  rock  of  Arbonne  in  Savoy,  which  is  nearly 
4000  feet  higher,  situated  at  the  great  elevation  of  7200  feet  above  the  level  of  the  sea, 
and  consequently  in  the  region  of  perpetual  snow.  The  rock  is  a  mass  of  saccharoid  and 
anhydrous  gypsum,  imbued  with  common  salt,  which  is  extracted  by  lixiviation ;  after 
which  the  gypsum  remains  porous  and  li^ht. 

The  inland  sens,  salt  lakes,  and  salt  marshes,  have  their  several  localities  obviously 
independent  of  peculiar  geological  formations.  The  ocean  is,  however,  the  most  magnifi- 
cent mine  of  salt,  since  this  chloride  constitutes  about  one  thirtieth  part  of  its  weight ; 
beins:  pretty  evenly  diffused  throughout  its  waters,  when  no  local  cause  disturbs  the  equi- 
librium. The  largest  proportion  of  salt  held  in  solution  in  the  open  sea,  is  38  parts  in 
1000,  and  the  smallest  32.  In  a  specimen  taken  by  Mr.  Wilkinson,  out  of  the  Red  Sea, 
at  Berenice,  I  found  43  parts  of  salt  in  1000.    The  specific  gravity  of  the  water  was  1-035. 

Were  it  requisite  to  extract  the  chloride  of  sodium  from  sea-water  by  fuel  alone,  many 
eonntries,  even  maritime,  would  find  the  process  too  costly.  The  salt  is  therefore  obtain- 
ed from  it  in  two  different  manners;  1.  hy  natural  eva|«oration  alone ;  2.  by  natural  and 
artificial  evaporation  combined.  The  first  method  is  employed  in  warm  regions,  under 
the  form  of  saline  tanks,  or  brine  reset  voirs,  called  also  brine-pits.  These  are  large 
shallow  basins,  the  bottom  of  which  is  very  smooth,  and  formed  of  clay.  They  are  ex- 
cavated along  the  sea-shore,  and  consist  of — 

1st.  A  large  reservoir,  deeper  than  the  proper  brine-pits,  which  is  dug  between  them 
and  the  sea.  This  reservoir  communicates  with  the  sea  by  means  of  a  channel  provided 
with  a  sluice.  On  the  sea-shore,  these  reservoirs  may  be  filled  at  high  water,  though  the 
tides  are  rather  inconvenient  than  advantai;eous  to  brine-pits. 

2dly.  The  brine-pits,  properly  so  called,  which  are  divided  into  a  number  of  compart- 
ments by  means  of  little  banks.  All  these  compartments  have  a  communication  with  each 
other,  but  so  that  the  water  frequently  has  a  lone  circuit  to  make,  from  one  set  to  another. 
Sometimes  it  must  flow  400  or  500  yanis,  before  it  reaches  the  extremity  of  this  sort  of 
labyrinth.  The  various  divi«:ion$  hnve  a  number  of  singular  names,  by  which  they  are 
technically  distinguished.  They  should  be  exposed  to  the  north,  north-east,  or  north* 
west  winds. 

Ihe  water  of  the  sea  is  let  into  these  reservoirs  in  the  month  of  March,  where  it  is 
exposed  on  a  vast  surface  to  evaporation.  The  first  reservoir  is  intended  to  detain  the 
water  till  its  impurities  have  subsided,  and  from  it  the  other  reservoirs  are  supplied,  as 
their  water  evaporates.  The  salt  is  considered  to  be  on  the  point  of  crystallizing  when 
the  water  begins  to  erow  red.  Soon  afler  this,  a  pellicle  forms  on  the  surface,  which 
breaks,  and  falls  to  the  bottom.  Sometimes  the  salt  is  allowed  to  subside  in  the  first  conw 
partment ;  at  others,  the  stronj;  brine  is  made  to  pass  on  to  the  others,  where  a  larger 
surface  is  exposed  to  the  air.  In  either  case  the  salt  is  drawn  out,  and  leA  upon  the 
borders  to  drain  and  dry. 

The  salt  thus  obtained  partakes  of  the  color  of  the  bottom  on  which  it  is  formed ;  and 
is  hence  white,  red,  or  gray. 

Sea  water  contains,  in  1000  parts,  25  of  chloride  of  sodium,  5*3  sulphate  of  magnesit, 
3*5  chloride  of  magnesium,  0*2  CHrbonate  of  lime  and  magnesia,  0*1  sulphate  of  lime,  be- 
skles  KTcV^  oC  sulphate  and  muriate  of  potash.  It  also  contains  iodide  of  sodium,  and 
bromide  of^  magnesium.     Its  average  spec.  crav.  is  from  1*029  to  1*030. 

Sea-water  and  weak  brines  may  be  cancentra^ed  either  by  the  addition  of  rock  salt, 
by  spontaneous  evaporation  in  brine-pits  (see  mprH),  or  by  graduation.  Houses  for  the 
last  purpose  are  extensively  employed  in  France  and  Germany.  The  weak  brine  is 
pumped  into  an  immense  cistern  on  the  top  of  a  tower,  and  is  thence  allowed  to  flow 
down  the  surface  of  bundles  of  thorns  built  up  in  regular  walls,  between  parallel  wooden 
fimmes.    At  Salsa,  near  Sehonebeck,  the  gradnation-house  is  5817  feet  long,  the  thorn 
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mlU  mre  ttom  33  la  53  feet  Ufh,  in  diffrrebt  puti,'ud  pRKst  a  toUl  anfta  4 
35,000  square  feel.  Under  Ihe  thornt,  ■  ;real  brine  ei*len,  rade  oT  itiMif  wooda 
pUnka,  is  placecl,  lo  receiTC  Ihe  perpetual  shower  of  mler.  Upoa  the  ridfe  of  tk 
ffnduKtioD-houte  then  ii  a  long  ipoul,  perfurated  on  eaelrnde  witk  ■UDcroiu  bales,  nd 
■nrniihed  with  spigots  or  stDpeoeks  for  di^lribntiag  the  brine,  eitha  OTcr  the  mftce  d 
the  tborn«,  or  down  IhrouKh  ihpir  nuw ;  the  laller  method  affordinK  laTgn-  evapMatiaa. 
The  graduation-bo uae  should  be  built  lenvlhviie  in  the  direction  oT  U>e  |m  iiilJl 
wind,  with  iti  ends  open.  An  experience  of  many  yeari  at  Salia  and  IHrrrobuf  im 
tbowD,  that  in  the  former  place  ttradailion  can  «o  on  25S,  and  in  Ihe  laltci  SUT  d>;^  M 
•n  aTerat^e,  in  Ihe  year ;  Ifae  best  season  beins  tntm  May  till  Aotniat.  At  DArmbot, 
3,696,561  cubic  feel  of  water  are  evaporated  annanlly.  Acconlinf  to  tbe  wealianitf 
the  brine,  it  must  be  the  more  fre<juenlly  pumped  up,  and  made  la  flow  down  over  Ikt 
thoras  in  different  -compartments  of  Ihe  building,  called  the  IM,  Sd,  *nd  3d  giaJMdka. 
A  depotile  of  gyptum  incnisls  Ihe  Iwigi,  which  require*  Ihem  to  be  renewcid  at  Ihe  ad 
<d'a  certain  time.  Figi.  96!  and  063  leprcsenl  the  graduatian-bonae  of  Ifae  « 
M  SQrreaberg.    a,  a,  a,  are  low  itaae  pillan  fur  lapponing  the  brine  cistaa  t,  (■ 


the  foofa.(ct^.  c,  c  are  the  inner,  d,  d  the  outer,  walls  of  thorns  g  the  firat  htTc  per- 
pendicular sides,  the  last  stopin;.  The  spars  t,  i,  which  support  the  Ihonka,  are  kiMKr 
than  the  interval  between  two  Ibom  walls  fmm/to  g,fii.  963,  wbereby  they  are  rc*di% 
Aliened  by  (heir  tenons  and  mortises.  The  spars  are  laid  al  a  slope  of  £  inebe*  in  Iha 
fool,  as  shown  by  (he  line  A,  i.  The  bundles  of  thorns  are  each  1|  foot  thick,finn6to 
7  feet  lone,  and  are  piled  up  in  the  followin;  way :  —  Onide-bara  are  fint  placed  ia  tk 
'line  k,  I,  to  define  the  outer  surface  of  the  thorn  wall ;  the  undennoM  spars  m, «,  alt 
■&slened  upon  (hem;  and  the  (horns  are  evenly  spread,  a  fler  the  willow-withs  of  ihe 
bundles  have  been  cat.  Over  the  top  of  (he  thorn  walls  are  laid,  through  the  wboiele^lh 
«f  the  graduation-bouse,  Ihe  brine  spouts  d,  o,  which  are  secured  to  Ihe  upper  beams ;  aaj 
M  both  sides  uf  these  spouts  are  Ihe  drop-spouls  p,  p,  for  disehar; ing  the  brine  fay  the 
■pigots  I,  I,  as  shown  upon  a  larger  scale  En  fig.  !I64.  The  drop-spoots  are  6  feel  k^ 
lave  on  each  side  small  notches,  5  inches  ainrt,  and  are  each  supplied  by  a  ipigM. 
The  space  above  Ihe  ridge  of  the  gradual ion-hnufe  is  covered  with  faoaids,  mppcaud  « 
their  ends  by  binding-beams  q.  r,  r,  show  Ihe  lenons  of  the  thorn-spars.  Orerlhe  nale- 
tebiffb,  inclined  planes  of  boards  nre  laid  for  conducting  downwards  the  innimentt 
jhowers.  The  brine,  which  contains  at  firit  T'6!)2  per  eeni,  of  salt,  indicate!,  after  Ik 
fint  shower,  11-473  J  aller  Ihe  second,  16-lOS ;  and  after  the  tbiid,  22.  TbetnBe,thH 
•onceutrated  to  such  a  degree  as  lo  be  fit  for  boilinE,  is  kept  in  greal  reserroirs,  oTwhilk 
Ihe  eight  al  Salza,  near  Schoneheck,  have  a  capacity  of  2,421,720  cubic  ftet,  and  are  fk» 
Kithed  with  pipe*  leading  la  the  sbeel-iron  salt-pans.  The  capacity  of  these  it  very  £t 
faent  at  diflerent  works.  At  Schonelwek  there  are  22,  the  smallest  haTiog  a  aqwi 
antbce  of  400  feet,  the  largest  of  1250,  and  are  enclosed  within  walls,  lo  preveBl  thA 
kelng  affected  by  Ihe  cold  external  air.  They  are  covered  with  a  nmnet-Tormed  cr  pjia- 
IBiial  trunk  of  deals,  ending  in  a  square  chimney,  to  carry  off  the  steam. 

Jly*.  SeS,  066,  907  represent  the  conattvetion  of  a  salt-pan,  in  titnmx,  aad  Mr 
nit  flton^DOm  of  theworln  at  Sftnettbeii^  ^v^^  ^M^Ikl  ito  V<ku^  plu,jlf.  961 
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AeloDfitBdiinl  leelion,  lod  fig.  BG5  Ihe  iraQSTcne  teetjon.  ai«  the  flr«-gnte,  whidi 
■lopei  upward*  to  the  back  part,  and  is  31}  inehn  distant  rrom  the  bottom  of  the  pa. 
The  mid  dT  the  BnrfaceoT  the  grale  id  that  vt  the  boltom  oT  the  pan,  is  as  1  to59'9i 
that  oT  the  air-htde  into  the  aah-pit,  u  I  to  306.  The  bed  aoJer  the  pan  is  laid  vith 
bricki,  imontUf  plastered  over,  from  A  to  c,  in  fif.  966.  Upon  this  bed  the  pillars  d,  d, 
*c.,  are  baill  ia  a  radiated  direelioa,  bein;  6  inches  broad  al  Ihe  boltom,  and  tapering  to 
1)  inek  at  top.  The  pan  ia  m  laid  thai  its  boltom  has  a  fall  towaids  the  middle  of 
965  2i  inches  i   see  c, /,  Jif .  966.    The  Era 

diffuses  itself  in  aU  duections  nuder  Ihe 
pan,  proceeds  thence  through  seveial 
holes  g,  g,  gf  into  flnei  h,  k,  h,  vbich  nin 
round  three  tide*  of  the  pan  j  the  burnt 
air  then  passes  throngh  i,  fif.  967,  un- 
der other  pans,  from  which  it  is  eollEcled 
in  the  chimneys  fc,  Ic,  to  be  conducted  into 
the  drying-room.  Al  I,  t,  there  is  a 
Iransrerse  floe,  through  which,  by  meaot 

.  ..  — , ^  It  majr  be  conducted  into  aji  extra  chimney  m.    From  the  (net 

k,  k,  fonr  iqiiare  iron  pipes  n,  n,  issne  aad  conduct  the  bnmt  air  into  the  main  chimoeyi 
in  the  opposite  wall. 

The  bollomB  of  Ihe  ceveral  fines  have  a  (tradual  ascent  abore  the  level  of  Ihe  Gre-grale. 
A  special  chimney  a,  rises  aboie  the  asb-pt,  to  carry  off  Ihe  smoke,  which  may  chance  lo 
regurgitate  in  certain  stales  oT  the  wind  p,  p,  are  iron  pipes  laid  upon  eaeb  side  oT 
ttae  ash  pit  (see  figi   966  and  967),  into  wbicb  cold  atr  u  adnnlled  by  the  Bue  g,  r 


where,  beeomtag  heated,  it  u  conducted  thr«agh  iron  pipes  i,  and  thenee  etcapci  at  ir, 
into  the  nave  room  Upon  both  sides  at  the  hot  flues  in  the  stove-room,  hnnlte-ftainea 
St,  ■,  are  laid,  each  of  vrhich  eoiilains  11  baskets,  and  erer^  bosliet,  except  the  nnder- 
moal,  holds  60  pounds  of  salt,  spread  in  a  layer  S  mehes  Ihidc.  v,  e,  show  the  pipea  tv 
which  (he  paa  it  mpplied  with  graduated  brine. 

Diieriplion  of  tht  Sttaiu-lmik,  mflg,  968. 
In  ftnnl  of  the  pan  a,  a,  (here  are  two  upright  posts,  upon  which,  and  In  holes  of 
Ae  back  wall,  Iwo  horiionlal  beams  b,  b,  arc  supported,  llie  pillan  c,  c,  are  fostained 
upon  Ihe  bearers  d,  d.  At  (,  t,  a  deep  i^nadrangular  fmwve  is  made  in  tbe  beams, 
fhr  Siina  down  the  fonr  boards  which  form  the  bottom  of  tbe  steam-way.  In  (his 
firoovc  any  condensed  water  from  Ihe  steam  collects,  aad  is  carried  off  by  a  pipe  /,  to 
prevent  it  fallinz  bock  into  Ihe  pan.  Upon  Ihe  three  sides  of  the  pan  not  in  contact 
with  tbe  wall,  there  are  three  rows  of  boards  hinged  upon  planks  b,  A.  Behind  the 
upper  one,  a  board  is  bung  on  at  ;,  upon  which  the  boiled  salt  is  taid  to  drain.    The 


two  other  row*  of  boards  are  hooked  on  to  as  to  coTfT  the  paa,  u 
WhencTcr  Ihe  salt  it  rafficienllT  draioed,  Ihe  oppei  ihelTC*  an  placed 

potitbn  ;  Ibe  ull  it  pnl  into  taaH  wtMom, 
and  carried  iato  the  aloTe-rooBi.  v  ^  • 
Ibe  tleam-UBnk ;  I,  m,  is  a  IbbdcI  kr  at. 
rrinR  off  the  (Icam  fhim  the  middle  of  tlit 
pan,  wken  Ibii  u  nncoTeicd  hy  liftiag  Ik 

In  proporlion  ai  Ibe  brine  becomti  «>■ 
eenlrated  b;  eiaponlioD,   more  ii  addd 
frora  the  willing   renerroir  of  the  giada- 
tlion-hoasc,  till  Sd>1))'  *mall  eryauji  Mf. 
pear  an  Ibe  etufacc.     No  more  weak  bfiae 
i>  now  added,  bat  ihe   cbanie   ji  TotM 
off  care  being  laLen  to  remoTe  Ihe  mim 
as  it  appcan.    In  ume   placea  the  Inl 
pan  is  called  a  Kbiot-plan,  ia   which  Ihr 
eonecnlnition  is  carcini  onlj-  ao  Tar  M  b 
eaose  Ihe  deporiiioo  oF  ihe   alndp,  [nm 
which  Ihe  ratine  Miluiion  is  run  iato  u- 
other  pan,  and  Renlly  eraporated,  to  pro- 
duce the  prrcipilBlion   oF   the   fine  MlL 
This  eaJI  should  be  coMinDallf  raked  V^ 
wards  Ihe  rnuler  and  more  elevated  ads 
t\,  and  then  lifted  out  with  tiilleniler-thoifls  into  lane  cunical  basket*,  erraa^ 
n  Iramri  round  ibc  border  I'f  the  pan,  so  thai  Ihe  drainaee  wxj  How  back  iau 
iS  liquor.    'I'bt^  dmincd  salt  i<  linni-rrrmi  to  the  hurdles  or  ba»ketB  in  tbe  Hoee- 
which  ought  to  bP  kept  at  a  tein|<eralure  of  ftom  120°  to  130°  Fahr.     The  salt  ii 


utile 


__.   ,...  n  rani[e  shmild  be  diiided  lenphwUe  inlo  scthbI  seelions;  the  Gnt 

to  receive  llie  wnlcr  uf  Ihr  !>|irini>,  Ihe  lake,  or  the  *e« ;  the  secotMl,  the  water  rnnn  Ike 
Brsl  shower-nteiver  i  Ihe  ihiid,  the  wnlcr  rroin  the  second  receiver  j  and  soon.  Tkt 
pwupK  are  nsunlty  |>Inced  In  the  middle  iif  Ibe  buitdiafr,  and  lift  the  brine  rrom  ihe  icma) 
reeeivcis  below  inm  Ihe  allernate  elevalol  cislim!..  Tbe  sqoarc  wooden  spout*  oTdiMV 
batiuu  imr  be  ciinvciiientl]  furui^hed  with  n  slide-hnard,  attacked  tu  each  a€  Ibrir  sidc^ 
U  serve  a"  a  penitnl  viilve  K>r  openluE  or  ^hutlinq  nmny  tricklini;  oritiees  at  once.  The 
rale  ul^waiioraliiin'at  .Muulirr:'  is  exhibited  by  the  fulluwine  tahle  : — 


It  the  dentil}- of  l-niO 


i-Don 


From  the  above  table  it  nppi'ars  Ibnl  no  l(w>  Iban  10  fallii  oT  the  brine  have  be«l 
rcquircil  lo  hrius  ihc  water  from  Ibe  specific  (rraviiy  l-OIO  to  IMO,  nr  18°  Baune.  The 
erapornlion  is  fuond  to  proceed  at  nearly  ibe  E<amr  rale  with  the  weaker  water,  and  with 
ike  Slionirer,  within  Ihe  nbovc  limits.  Whin  it  nrrive«iit  a  denMlyof  from  1- 140  to  ]-ll^ 
K  is  MID  oil'  into  the  nrlilinc  rislrrnii.  M.  BiTlbier  calciilntrr,  Ihat  it[;oa  ao  averaee,  bl 
uldinnry  wealher,  at  Motiliers, !!('  kiloirnninie!.  of  wairr  { ]3  Ballonj,  imp.)  are  evaporald 
from  the  fiiEols,  in  Ibc  eouiw  ofS-l  Imnrs,  forever)-  Siiuarefoot  nf  ihetr  surface.  WilhoM 
Ihe  aiil  (fciirtcnl'i  of  nir  aiUricinlly  wnnned,  fuch  an  amount  ofrTapotatiou  eouM  not  be 
reckoned  upon  in  lhi«  counlry.  In  Ihe  Khlulliat,  or  Ihrowini!  down  of  Ihe  wdilneBl,  ■ 
Ihtle  bnlloek't  bloml,  previously  beaten  up  with  some  cold  brine,  promoten  Ihe  elariGea- 
Uon.  When  the  brine  aenoiref,  bj  hrifk  ebutliiion,  the  densitjr  of  1-200,  it  should  be  r«a 
off  from  the  preparnliim,  li<  Ibe  finishini!  or  sallin?  pan«. 

The  mother-wntrr  eonlnins  a  prenl  deal  nf  chloride  of  macnrsinm,  slona  with  chloride 
of  (Oiliuin,  and  sulphate  of  niaznrria.  Since  the  Inst  twn  salts  mulnally  decompwa 
each  other  al  n  low  t mi i per* lure,  ami  are  linnsformed  inln  snlphale  of  soda,  which 
cnitallizi't,  and  tnuiialv  i>r  amgnrtia,  wliicb  remains  dissolved,  [he  mother-water  with 
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Uiia  Tiew  may  be  exposed  io  tanks  to  the  frost  durhig  winter,  when  it  affords  three  sue- 
•ceMive  crystalline  deposites,  the  last  being  sulphate  of  soda,  nearly  pure. 

The  chloride  of  maipiesium,  or  bittern,  not  only  deteriorates  the  salt  Tenr  much,  but 
oeemsions  a  considerable  loss  of  weieht.  It  may,  however,  be  most  advantageously  got 
rid  of,  and  converted  into  chloride  of  sodium,  by  the  following  simple  expedient :  —  Let 
quicklime  be  introduced  in  equivalent  quantity  to  the  magnesia  present,  and  it  will  pre- 
cipitate this  earth,  and  form  chloride  of  calcium,  which  will  immediately  react  upon  the 
■Mlphate  of  soda  in  the  mother-water,  with  the  production  of  sulphate  of  lime  and  chloride 
oftodiam.  The  former  being  sparingly  soluble,  is  easily  separated.  Lime,  moreover, 
dkeomposes  directly  the  chloride  of  magnesium,  but  with  the  effect  of  merely  substituting 
eldoride  of  calcium  in  its  stead.  But  in  general  there  is  abundance  of  sulphate  of  soda 
Ib  brine  springs  to  decompose  the  chloride  of  calcium.  A  still  better  way  of  proceeding  ^ 
with  sea-water,  would  be  to  add  to  it,  in  the  settling  tank,  the  quantity  of  lime  equivalent ' 
tio  the  magnesia,  whereby  an  available  deposite  of  this  earth  would  be  obtained,  at  the  same 
tfane  that  the  brine  would  be  sweetened.  Water  thus  purified  may  be  safely  crj-stallized 
lif  rapid  evaporation. 

In  summer,  the  saturated  boiling  brine  is  crystallized  by  passing  it  over  vertical  ropes ; 
Ibr  which  purpose  100,000  metres  (110,000  yards)  are  mounted  in  an  apartment  70 
Metres  (77  yards)  long.  When  the  salt  has  formed  a  crust  upon  the  ropes  about  2i 
inebes  thick,  it  is  broken  off*,  allowed  to  fall  upon  the  clean  floor  of  the  apartment,  and 
then  leathered  up.  The  salting  of  a  charge,  which  would  take  5  or  6  days  in  the  pan,  it 
eompleted  in  this  way  in  17  hours ;  but  the  mother-waters  are  more  abundant.  The  salt 
it,  however,  remarkably  pure. 

The  boilers  constructed  at  Rosenheim,  in  Bavaria,  evaporate  3|  pounds  of  water  for 
erery  pound  of  wood  burned  ;  which  is  reckoned  a  favorable  result ;  but  some  of  those 
described  under  Evaporation,  would  throw  off*  much  more. 

^  The  rock  salt  mines  and  principal  brine  springs  are  in  Cheshire ;  and  the  chief  part 
of  the  Cheshire  salt,  both  fossil  and  manufactured,  is  sent  by  the  river  Weaver  to  Liveiv 
pool,  a  very  small  proportion  of  it  being  conveyed  elsewhere,  by  canal  or  land  carriage. 
There  are  brine  springs  in  Staffordshire,  from  which  Hull  is  furnished  with  white  salt  | 
mod  in  Worcestershire,  from  which  Gloucester  is  supplied.  If  to  the  quantity  shipped 
by  the  Weaver,  100,000  tons  of  white  salt  are  added  annually  for  internal  consumption 
•nd  exports,  exclusive  of  Liverpool,  the  total  manufacture  will  be  approached  ver)'  near- 
ly ;  but  as  there  is  now  no  check  from  the  excise,  it  is  impossible  to  a!«cei  tain  it  exactly. 
Fossil  salt  is  used  in  small  quantities  at  some  of  the  Cheshire  manufactoiics,  to  strengthen 
.  the  brine,  but  is  principally  exported  ;  some  to  Ireland,  but  chiefly  to  Beluium  and  Hoi* 
luid.*'*  The  average  quantity  of  rock  salt  sent  annually  down  the  river  Weaver, 
finom  the  mines  in  Cheshire,  between  the  years  1803  and  1834  inclusive,  was  86,000  tons, 
of  2,600  lbs.  each  ;  the  gieatest  bein^  1 25,6.58,  in  the  year  18V3,  and  the  least  47,230,  in 
the  year  1813.  The  averace  quantity  of  white  salt  sent  annually  down  the  Weaver 
from  the  manufactories  in  Cheshire  durint?  the  same  period,  was  ^1,351 ;  the  greatett 
being  383,669,  in  the  year  1832,  and  the  least  bring  120,486,  in  the  year  l8ll. 

M.  Clemen t-De?ormcs,  enj?incer  and  chief  aciionnaire  of  the  great  salt-works  of  Dieuse, 
in  France,  informs  me  that  the  internal  consumption  of  that  kingdom  is  rather  nore  than 
900,000  tons  per  annum,  bein?  at  the  rate  of  6|  kiloi^rammes  for  each  individual  of  a 
population  estimated  at  32,000,000.  As  the  retail  price  of  salt  in  France  is  10  sous  per 
Kilogramme  (of  2j[  lbs.  avoinl.),  while  in  this  countr}'  it  is  not  more  than  2  sous  (1  penny), 
its  consumption  per  head  will  be  much  greater  with  us ;  and,  takine  into  account  the 
immense  quantity  of  salted  provisions  that  are  used,  it  may  be  reckone<l  at  22  Ibt. ; 
whence  our  internal  consumption  will  be  210,000  tons,  instead  of  100,000,  at  quoted 
nbove,  from  the  tables  published  by  the  Board  of  Trade. 

In  1836,  9,622,427  bushels,  of  56  lbs.  =  240,560  tons  of  salt,  value  173,923/.,  were 
exported  from  the  United  Kingdom, of  which  1,350,849  bushels  went  to  Russia;  1,235,086 
toBelf^ium;  314,132  to  the  Western  coast  of  Africa ;  1,293,560  to  the  British  North 
American  colonies ;  2,870,808  to  the  United  Stales  of  America  ;  53,299  to  New  South 
Wales,  Van  Diemen's  Land,  and  other  Australian  settlements ;  58,735  to  the  British 
West  Indies ;  and  90,655  to  Guernsey,  Jersey,  Alderney,  and  Man. 

SAND  (Ensr.  and  Germ. ;  Sable,  Fr.),  is  the  name  eiven  to  any  mineral  substance  in 
a  hard  granular  or  pulverulent  form,  whether  strewed  upon  the  surface  of  the  irronnd, 
found  in  strata  at  a  certain  depth,  formine  the  beds  of  rivers,  or  the  shores  of  the  sea. 
The  silicious  sands  seem  to  be  either  original  crystalline  formations,  like  the  sand  of 
Neuilly,  in  6-sided  prisms,  terminated  by  two  6-sided  pyramids,  or  the  dibrh  of  granitic, 
ichistose,  quartzose,  or  other  primitive  crystalline  rocks,  and  are  abundantly  distributed 
ver  the  globe  ;  as  in  the  immense  plains  known  under  the  names  of  downs,  deserti^ 
'4ppeSf  iaiuUi,  &c.,  which,  in  Africa,  Asia,  Europe,  and  America,  are  entirely  covered  with 

*  TaUM  of  the  Rerenue,  PopoUtioii,  CanuMTM.  Ac.  for  1635,  p.  Itt. 
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ioose  sterile  sand.  Valuable  metallic  ores,  those  of  gold,  platimnB,  tiBy  eopper,  tm, 
titanium,  oOen  occur  in  the  form  of  sand,  or  mixed  with  that  earthy  tnbslaoce.  Pbr 
silicious  sands  are  very  valuable  for  the  manufacture  of  glass,  for  msking  mortars,  filleny 
ameliorating  dense  clay  soils,  and  many  other  purposes.  For  moulder's  sand,  See  FoiffD> 
IHG.    Lynn  and  Ryegate  furnish  our  purest  silicious  sand. 

SANDAL  or  RED  SAUNDERS  WOOD  {SatUal,  Fr. ;  SamkikoU,  Oenn. ),  is  Ite 
wood  of  the  Pttrocarjnu  tantalimUf  a  tree  which  grows  in  Ceylon,  and  on  the  eoait  flf 
Coromandel.  The  old  wood  is  preferred  by  dyers.  Its  coloring  matter  is  of  a  resiioai 
nature  ;  and  is,  therefore,  quite  soluble  in  alcohol,  essential  oilf^  and  alkaline  kys ;  bat 
sparingly  in  boiling  water,  and  hardly  if  at  Kll  in  cold  water.  The  eokwiiig  Batter 
which  is  obtained  by  evaporating  the  alcoholic  infusion  to  dryness,  has  been  olkd 
tantaline ;  it  is  a  red  resin,  which  is  fbsible  at  2l2^  F.  It  may  also  be  obtained  ^ 
digesting  the  rasped  sandal  wood  in  water  of  ammonia,  and  afterwards  saturatiag  Ite 
ammonia  with  an  acid.  The  tanialine  falls,  and  the  supernatant  liquor,  which  is  jcQov 
by  transmitted,  appears  blue  by  reflected  light.  Its  spirituous  solution  afibrds  afitt 
purple  precipitate  with  the  protochloride  of  tin,  and  a  violet  one  with  the  salts  of  M. 
Santaline  is  very  soluble  in  acetic  acid,  and  the  solution  forms  permanent  stains  spa 
the  skm. 

Sandal  wood  is  used  in  India,  along  with  one  tenth  of  tapan  wood  (the  CmaafymUtafm 
of  Japan,  Java,  Siam,  Celebes,  and  the  Philippine  isles),  principally  for  dyeug  liikiid 
cotton.  Trommsdorf  dyed  wool,  cotton,  and  linen  a  carmine  hue  by  dipping  them  alia- 
nately  in  alkaline  solution  of  the  sandal  wood,  and  in  an  acidulous  bath.  Bancroft  ob> 
tained  a  fast  and  brilliant  reddish-yellow,  by  preparing  wool  with  em  alum  and  tartar  biti^ 
and  then  passing  it  through  a  boiling  bath  of  sandal  wood  and  sumac.  PeUetier  did  lot 
succeed  in  repeating  this  experiment.  According  to  Togler,  wool,  silk,  cotton,  and  VatM, 
mordanted  with  salt  of  tin,  and  dipped  in  a  cold  alcoholic  tincture  of  the  wood,  or  Ike 
same  tincture  mixed  with  8  parts  of  boiling  water,  become  of  a  superb  pon^ean-red  color. 
"With  alum,  they  took  a  scarlet-red ;  with  sulphate  of  iron,  a  dkeep  Ticdety  or  browHii 
Unluckily,  these  dyes  do  not  stand  exposure  to  light  well. 

SANDARACH,  is  a  peculiar  resinous  substance,  the  product  of  the  TJhiya  mrtieM^ 
a  small  tree  of  the  coniferous  fainily,  which  grows  in  the  northern  parts  of  Afiiosci' 
peeially  round  Mount  Atlas. 

The  resin  comes  to  us  in  pale  yellow,  transparent,  brittle,  small  tears,  of  a  sphokil 
or  cylindrical  shape.  It  has  a  faint  aromatic  smell,  does  not  soften,  Irat  breaks  belvecs 
'die  teeth,  fuses  readily  wiUi  heat,  and  has  a  specific  gravity  of  from  1*05  to  1*06.  B 
contains  three  different  resins;  one  soluble  in  spirit  of  wine,  somewhat  resembling  ywc 
acid  (see  Turpentin>)  ;  one  not  soluble  in  that  menstruum ;  and  a  thin^  soluUe  cs^ 
in  alcohol  of  90  per  cent.  It  is  used  as  pounce-powder  for  strewing  over  paper  eraioni) 
as  incense,  and  in  varnishes. 

SAPAN  WOOD,  is  a  species  of  the  desalpinia  genus,  to  which  Brazil  wood  bekagi. 
It  is  so  called  by  the  French,  because  it  conies  to  them  from  Japan,  which  they  corxapdr 
pronounce  Sapnn.  As  all  the  species  of  this  tree  are  natives  of  either  the  East  Indict  ff 
the  New  World,  one  would  imagine  that  they  could  not  have  been  used  as  dye-stiiflti> 
Europe  before  the  beginning  of  the  ]6lh  century.  Yet  the  author  of  the  article  **  BnaUt* 
in  Rees'  Cyclopsdia,  and  Mr.  Southey,  in  his  History  of  Brazil,  say  that  Brazil  wood  ip 
mentioned  nearly  one  hundred  years  before  the  discoveries  of  Columbus  and  VascodeGtBi) 
by  Chaucer,  who  died  in  1400 ;  that  it  was  known  many  ages  before  his  time;  asd  tW 
it  gave  the  name  to  the  country,  instead  of  the  country  giving  the  name  to  the  «ood,« 
I  have  stated,  with  Berthollet  and  other  writers  on  dyeing.  The  Ctualphua  mff^ 
being  a  native  of  the  Coromandel  coast,  may  possibly  have  been  transported  akatwitk 
other  Malabar  merchandise  to  the  Mediterraneon  marts  in  the  middle  ages ;  bnt  tse  in- 
portation  of  so  lumbering  an  article  in  any  considerable  quantity  by  that  channel,  ii>0 
improbable,  that  I  am  disposed  to  belive  that  Brazil  wood  was  not  commonly  used  ij  ^ 
dyers  of  Europe  before  the  discovery  of  the  New  World. 

SARD ;  see  Lapidary. 

SATIN  (Kn?.,  Fr.,  and  Germ.),  is  the  name  of  a  silk  stuff,  first  imported  fromCbiM) 
which  is  distinguished  by  its  very  smooth,  polished,  and  glossy  surface.    It  is  woveaspo* 
a  loom  with  at  Icnst  five-leaved  healds  or  hcddles,  and  as  many  corresponding  trcddlN. 
These  are  so  mounted  as  to  rise  and  fall  four  at  a  time,  raisinsr  and  depressing  altenute- 
ly  four  yarns  of  the  warp,  across  the  whole  of  which  the  weft  is  thrown  by  theshottk, 
so  as  to  produce  a  uniform  smooth  texture,  instead  of  the  checkered  work  resulting  IniB 
intermediate  decussations,  as  in  common  webs.     See  Textile  Fabmcs.    Satins  tic 
woven  with  the  glossy  or  right  side  undermost,  because  the  four-fifths  of  the  warp,  whick 
WKt  always  lefl  there  during  the  action  of  the  healds,  serve  to  support  the  shuttle  ii  ill 
laee.    Were  they  woven  in  the  reverse  way,  the  scanty  fiflh  part  of  the  waip  Ihieili 
either  not  support,  or  would  be  too  much  worn  by  the  shuttle. 
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SATURATION  is  the  term  at  which  any  body  has  ttfhen  its  full  dose  or  chemical  pro- 
portion of  any  other  with  which  it  can  combine ;  as  water  with  a  salt,  or  an  acid  with  an 
alkali  in  the  neutro-saline  state. 

SCALIOLA  is  merely  ornamental  plaster-woik,  produced  by  applying  a  pap  made 
cf  finely-ground  calcined  gypsum,  mixed  with  a  weak  solution  of  Flanders'  glue,  upon 
amy  figure  formed  of  laths  nailed  together,  or  occasionally  upon  brickwork,  and  bestudding 
its  surface,  while  sofl,  with  splinters  {scagliole)  of  spar,  marble,  granite,  bits  of  concrete 
colored  gypsum,  or  veins  of  clay,  in  a  semi-fluid  state.  The  substances  employed  to  color 
the  spots  and  patches,  are  the  several  ochres,  boles,  terra  di  Sienna,  chrome  yellow,  fcc. 
The  surface  of  the  column  is  turned  smooth  upon  a  lathe,  polished  with  stones  of  different 
fineness,  and  finished  with  some  plaster-pap,  to  give  it  lustre.  Pillars  and  other  flat  sur- 
faces are  smoothed  by  a  carpenter's  plane,  with  the  chisel  finely  serrated,  and  aAerwards 
polished  with  plaster  by  friction.  The  glue  is  the  cause  of  the  gloss, -but  makes  the  sur- 
face apt  to  be  injured  by  moisture,  or  even  damp  air. 

8CAKLET  DYE.  {Teinture  en  icarlate,  Fr. ;  Srharlachfdrberei,  Germ.)  Scarlet  it 
aaually  given  at  two  successive  operations.  The  boiler  (see  /igs.  364,  365,  article  Dtx- 
iifo)  is  made  of  block  tin,  but  its  bottom  is  formed  occasionally  of  copper. 

J.  The  bouillon,  or  the  coloring-bath. — For  100  |iounds  of  cloth,  put  into  the  water,  when 
it  is  little  more  than  lukewarm,  6  pounds  of  argnl,  and  stir  it  well.  When  the  water  be- 
comes too  hot  for  the  hand,  throw  into  it,  with  agitation,  one  pound  of  cochineal  in  fine 
.powder.  An  instant  aAerwards,  pour  in  5  pounds  of  the  clear  mordant  g  (see  Tin  Mon- 
DAWTS),  stir  the  whole  thorouehly  as  soon  as  the  bath  begins  to  boil,  introduce  the  cloth, 
and  wince  it  briskly  for  two  or  three  rotations,  and  then  more  slowly.  At  the  end  of  n 
two-hours'  boil,  the  cloth  is  to  be  taken  out,  allowed  to  become  perfectly  ccol,  and  well 
washed  at  the  river,  or  winced  in  a  current  of  pure  water.  (See  an  automatic  plan  oT 
swashing  described  under  the  article  Rinsing  Machinjs.) 

2.  The  rtfUgie,  or  finishing  dye. — ^The  bouillon  bath  is  emptied,  and  replaced  with  water 
for  the  rottgie.  When  it  is  on  the  point  of  boiling,  51  pounds  of  cochineal  in  fine  powder 
are  to  be  thrown  in,  and  mixed  with  caie ;  when  the  crust,  which  forms  upon  the  sur- 
face, opens  of  itself  in  several  places,  14  pounds  of  solution  of  tin  (as  above)  are  to  be 
add^.  Should  the  liquor  be  likely  to  boil  over  the  edges  of  the  kettle,  it  must  be  refresh- 
.ed  with  a  little  cold  water.  When  the  bath  has  become  uniform,  the  cloth  is  to  be  put  in, 
taking  care  to  wince  it  briskly  for  two  or  three  turns ;  then  to  boil  it  bodily  for  an  homr, 
thrusting  it  under  the  liquor  with  a  rod  whenever  it  rises  to  the  surface.  It  is  lastly  tn- 
lum  out,  aired,  washed  at  the  river,  and  dried. 

As  no  ])er!:on  has  done  more  for  the  improvement  of  the  scarlet  dyes  than  FoUmer,  f 
ghnll  here  give  his  processes  in  detail. 

Bouillon,  or  coloring, — For  every  pound  of  cloth  or  wool,  take  14  drachms  of  cream  cf 
tartar.  When  the  bath  if-  boiling,  and  the  tartar  all  dissolved,  pour  in  succesaively  14 
tirachms  of  solution  of  tin  {Mordanl  r.  Tin),  and  let  the  whole  boil  together  during  a  few 
minutes.  Now  introduce  the  cloth,  and  boil  it  for  2  hours ;  then  take  it  out,  and  let  ll 
drain  and  cool. 

Rougifi,  or  dye. — For  every  pound  of  woollen  stufi*,  take  2  drachms  of  cream  of  tartar. 
'When  the  bath  begins  to  boil,  add  1  ounce  of  cochineal  reduced  to  fine  powder,  stir  the 
Biixture  well  withiii  rod  of  willow  or  any  white  wood,  and  let  it  boil  for  a  few  minntct. 
Then  pour  in,  by  successive  portions,  1  ounce  of  solution  of  tin  {Mordamt  f),  stirring  con- 
tinually with  the  rod.  Lastly,  dye  as  quickly  as  possible.  The  color  will  be  a  beratiAi 
scarlet. 

Second  scarlet  process  of  Poemer,  the  bouillon  being  the  same  as  above  given,  and  aW 
•ways  estimated  for  1  pound  of  cloth  or  wool.  Rougie. — ^Takc  1  onnce  of  codiineal  in  fin* 
powder,  and  2  ounces  of  solution  of  tin  without  tartar. 

"Third  scarlet  process  of  PoUmtr ;  the  bouillon  being  as  above.  Rougie  for  a  ponnd  df 
cflofli. — ^Take  two  drachms  of  cream  of  tartar,  one  ounce  of  cochineal,  one  onnce  of  •oln*' 
tlon  of  tin,  and  2  ounces  of  sea  salt ;  dye  as  in  process  1.  The  salt  helps  the  dye  to  pena* 
tnle  into  the  cloth. 

Tables  of  the  Cobiposition  of  the  Bouillon  and  Rovoii,  by  difierent  Authors, 

for  100  pound»  of  Ck)th  or  WooL 

ComposiHon  of  the  Bouillon. 


Nunes  of  the  Authon. 

SUreh. 

UrMOi  nf 
Tartar. 

CockiDMl. 

Solution  of 
Tin. 

CooiaiOB     . 
8dt. 

Berthollet     - 

Hellot 

Schefifer        -        .' 

Former 

lb.      or. 
0        0 
0        0 
9        6 
0        0 

lb.      oz. 

6         0 
12        8 

9        6 
10       15 

lb.      dr. 

8        0 
18        6    , 
12        4    ' 

0        0 

lb.       OZ. 
5          0 

12        8 

9        6 

10       15 

lb.       OM,, 

0     0  ; 

0         0    , 

0       0 
0       0 
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Name*  of  the  Authors. 

Surch. 

Crmmof 
Tartar. 

CochuMftL 

t«ranoaaf 
Tte. 

Sak. 

Berthollet     - 

Hellut 

Scheflfer 

Podrner       -        < 

W.      oz, 
0        0 
3        2 
3        2 
0        0 
0        0 
0        0 

W.       or. 
0         0 

0  0 
3        2 

1  8 

0  0 

1  8 

ft.      or. 

5  8 
7        4 

6  7| 
6        4 
6        4 
6        4 

ft.       or. 
14         0 
12         8 

4        11 

6         4 
J2         8 

6         4 

ft. 
0 
0 
0 
0 
0 
12 

01. 

0 
0 
0 
0 
0 
8 

M.  Lenormand  states  that  he  has  made  experiments  of  verifiottion  upon  all  the  fa 
la  of  the  preceding?  tables,  and  declares  his  conriction  that  the  finest  tint  may  be  oblaiNi 
hf  taking  the  b(mUUm  of  Scheffer,  and  the  rougU  No.  4  of  PoCmer.     The  nolntkm  vikl 

Sroducefl  the  most  brilliant  red,  is  that  made  according  to  the  process  of  montant  b  (Tm.) 
f.  Robiquet  has  given  the  following  prescription  for  making  a /rra/tng  warlei,  for  vd- 
whitened  woollen  cloth. 

Boil  a  pound  of  pulverizetl  cochineal  in  four  pints  of  water  down  to  2  pints,  and  p«i 
the  decoction  thniuch  a  sieve.  Repeat  the  boiling  three  times  apon  the  restdanm,  ma 
the  eight  pints  of  decoction,  thicken  them  properly  with  two  poands  of  starch,  and  kfl 
into  a  paste.  Let  it  cool  down  to  104®  F.,  then  add  fonr  onnees  of  the  sabjoined  solvlisi 
of  tin,  and  two  ounces  of  ordinary  salt  of  tin  (muriate.)  When  a  pon^eavi  red  is  wasted 
two  ounces  of  pounded  curcuma  (turmeric)  should  be  added. 

The  solution  of  tin  above  prescribed,  is  made  by  taking— one  ounce  of  nitric  acid,  of 
tpecitic  eravity  3(>°  B,  =  1*33  ;  one  ounce  of  sal  ammoniac ;  four  onnees  of  graii  la. 
The  tin  is  to  be  divided  into  eight  portions,  and  one  of  them  b  to  be  pnt  into  the  acid  ass- 
tare  every  quarter  of  an  hour. 

A  solution  of  chlorate  of  potassa  (chloride  T)  is  said  to  beantiQr  scarlet  cloth  la  a  R 
markable  manner. 

Bancroft  proposed  to  supplant  the  nitro-muriatic  acid,  by  a  miztnie  of  snipbarie  ui 
muriatic  acids,  for  dissolving  tin ;  but  I  do  not  find  that  he  succeeded  in  persuading  tcaikl- 
dyers  to  adopt  his  plans.  In  fact,  the  proper  base  is,  in  my  opinion,  a  mixture  of  the  pnft- 
oxyde  and  poroxydc  of  tin;  and  this  cannot  be  obtained  by  acting  upon  the  metal  wilhtk 
mnrio-sulphuric  acid.  He  also  prescribed  the  extensive  use  of  the  qaercitron  yellow  If 
change  the  natural  crimson  of  the  cochineal  into  scarlet,  thereby  economizing  the  qiiaati> 
ty  of  this  expensive  dye-stuff.    Sec  Lac  Dye. 

SCHKKLP^'S  GREEN  is  a  pulverulent  arsenite  of  copper,  which  maybe  prepared  as 
follows  : — Form,  first,  an  arsenite  of  potassn,  by  adding  gradually  1 1  ounces  of  anraioBi 
acid  to  2  pounds  of  carbonate  of  potassn,  dissolved  in  10  pounds  of  boiling  water ;  next, 
dissolve  2  pounds  of  cr}'stallized  sulphate  of  copper  in  30  pounds  of  water;  filter  sack 
solution,  then  pour  the  first  progressively  into  the  second,  as  long  as  it  produces  a  liek 
grass-green  precipitate.  This  being  thrown  upon  a  filter-cloth,  and  edulcorated  vkh 
warm  water,  will  afford  1  pound  6  ounces  of  this  beautiful  pimnent.  %  consists  of,ox|de 
of  copper  28-51,  and  of  arsenious  acid  71*46.  This  green  is  applied  by  an  analogoM 
double  decomposition  to  cloth.     See  CALiro-raiNTiNR. 

8CHWEINFURTH  GREEN  is  a  more  beautiful  and  velvety  pigment  than  Ike 
preceding,  which  was  discovered  in  1814,  by  MM.  Rusz  and  Sattler,  at  Schweinfsilh, 
and  remained  for  many  years  a  profitable  secret  in  their  hands.  M.  Liebig  having  nadc 
its  composition  known,  in  1822,  it  has  been  since  preparefl  in  a  great  many  color-wtakt* 
Braconnot  published,  about  the  same  time,  another  process  for  manufacturing  the  auK 
pigment.  Its  preparation  is  very  simple ;  but  its  formation  is  accompanied  with  loine  in- 
teresting circumstances.  On  mixing  equal  parts  of  acetate  of  copper  and  arsenioos  mad, 
each  in  a  boiling  concentrated  solution,  a  bulky  olive-green  precipitate  is  immediately 
produced ;  while  much  acetic  acid  is  set  free.  The  powder  thus  obtained,  appeals  to  be 
a  compound  of  arsenious  acid  and  oxydc  of  copper,  in  a  peculiar  state ;  since  when  de- 
composed by  sulphuric  acid,  no  acetic  odor  is  exhaled.  Its  color  is  nr>t  changed  by  dry- 
ing, by  exposure  to  air,  or  by  being  heated  in  water.  But,  if  it  be  boiled  in  the  acidolost 
liquor  from  which  it  was  precipitated,  it  soon  changes  its  color,  as  well  as  its  state  of  aggre- 
gation, and  forms  a  new  de|)osite  in  the  form  of  a  dense  granular  beautiful  green  powder. 
As  fine  a  color  is  produced  by  ebullition  during  five  or  six  minutes,  as  is  obtained  at  the 
end  of  several  hours  by  mixing  the  two  boilin?  solutions,  and  allowing  the  whole  to  cool 
together.  In  the  latter  case,  the  precipitate,  which  is  slight  and  flocky  at  first,  becomei 
denser  by  de{>rees;  it  next  betrays  ?reen  spots,  which  progressively  increase,  till  the  man 
grows  altogether  of  a  crystalline  constitution,  and  of  a  still  more  beautiful  tint  than  if  fonsed 
by  ebullition. 

When  coU  water  Is  added  to  the  nux«^  koVqWqta,  VnvrntAvBitidY  after  the  preelpitaiff 
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takes  place,  the  development  of  the  color  is  retarded,  with  the  eflect  of  makinir  it  much 
finer.  The  best  mode  of  procedure,  is  to  add  to  the  blended  solutions,  their  own 
iMilk  of  cold  water,  and  to  fill  a  globe  up  to  the  neck  with  the  mixture,  in  order  to  pre- 
vent the  formation  of  any  such  pellicle  on  the  surface  as  might,  by  falling  to  the  bottom, 
excite  premature  crj'stallization.  Thus  the  reaction  continues  during  two' or  three 
days  with  the  happiest  effect.  The  difference  of  tint  produced  by  these  variationSy 
auises  merely  from  the  different  sizes  of  the  crystalline  particles ;  for  when  the  several 
powders  are  levigated  upon  a  porphyry  slab  to  the  same  degree,  they  have  the  same 
shade.  Schweinfurth  green,  according  to  M.  Ehrmann's  researches,  in  the  31st  BulMim 
de  la  Sociele  Iruiuatrielie  de  Mulhavsen,  consists  of,  oxyde  of  copper  31*666,  arsenious  acid 
08*699,  acetic  acid  10*294.  Kastner  has  given  the  following  prescription  for  making 
thift  piement :  —  For  8  parts  of  arsenious  acid,  take  fVom  9  to  10  of  verdigris;  diffuse  the 
latter  through  water  at  120^  F.,  and  pass  the  pap  through  a  sieve;  then  mix  it  with 
the  arsenical  solution,  and  set  the  mixture  aside,  till  the  reaction  of  the  ingredients  shall 
produce  the  wiished-for  shade  of  color.  If  a  yellowish  tint  be  desired,  more  arsenic  must 
be  used.  By  digesting  Scheele's  green  in  acetic  acid,  a  variety  of  Schweinfurth  green 
may  be  obtained. 

Both  of  the  above  colors  are  rank  poisons.  The  first  was  detected  a  few  years  ago,  at 
the  colorine-malter  of  some  Parisian  bonbons,  by  the  comeil  de  aalvbritf ;  since  which  the 
eonfectioners  were  prohibited  from  using  it,  by  the  French  government. 

SCOURING,  or  renovating  articles  of  dress.  This  art  has  been  much  more  studied  hj 
Frenchmen,  who  wear  the  same  coats  for  two  or  three  years,  than  by  Englishmen,  who 
|(enerally  cast  them  off  aAer  so  many  months.  The  workmen  who  remove  greasy  staina 
ftom  dress,  arc  called,  in  France,  tehUuriers-degraisseurs,  because  they  are  oHen  obliged 
to  combine  dyeins  with  scouring  operations.  The  art  of  cleansing  clothes  being  founded 
upon  the  knowledge  of  solvents,  the  practitioner  of  it  should,  as  we  shall  presently  illm- 
trate  by  examples,  be  acquainted  with  the  laws  of  chemical  affinity. 

Among  the  si>ots  which  alter  the  colors  fixed  upon  stuffs,  some  are  caused  by  a  substance 
which  may  be  described  as  simple,  in  common  language ;  and  others  by  a  substance  which 
results  from  the  combination  of  two  or  more  bodies,  that  may  act  separately  or  together 
vpon  the  stuff,  and  which  may  therefore  be  called  compound. 

Simple  stains. —  Oils  and  fats  arc  the  substances  which  form  the  greater  part  of  simple 
stains.  They  sive  a  deep  shade  to  the  ground  of  the  cloth  ;  they  continue  to  spread  for 
several  days ;  they  attract  the  dust,  and  retain  it  so  strons:ly,  that  it  is  not  removeable  by  the 
brush ;  and  they  eventually  render  the  stain  lighter  colored  upon  a  dark  ground,  and  of  a  dis- 
agreeable Cray  tint  upon  a  pale  or  light  ground. 

The  erneral  princii^Ic  of  cleansing  all  spots,  consists  in  applying  to  them  a  substance 
which  shall  hove  a  stronger  affinity  for  the  matter  composing  them,  than  this  has  for  the 
^th,  and  which  shall  render  them  soluble  in  some  liquid  menstruum,  such  as  water, 
spirits,  napthn,  oil  of  turpentine,  &c.    See  Bleaching. 

Alkalis  would  seem  to  be  proper  in  this  point  of  view,  as  they  are  the  most  powerftd 
solvents  of  grease ;  but  they  act  too  strongly  upon  silk  and  wool,  as  well  as  change  too 
powerfully  the  colors  of  dyed  stuffs,  to  be  safely  applicable  in  removing  stains.  The  best 
substances  for  this  purpose  are — 1.  Soap.  2.  Chalk,  fuller's  earth,  soap-stone  or 
steatite  (called  in  this  country  French  chalk).  These  should  be  merely  diffused  through 
a  little  water  into  a  thin  paste,  spread  upon  the  stain,  and  allowed  to  dry.  The  spot  r^ 
qnires  now  to  be  merely  brushed.  3.  Ox-gall  and  yolk  of  egg  have  the  property  of  di^ 
solving  fatty  bodies  without  affecting  perceptibly  the  texture  or  colors  of  cloth,  and  may 
therefore  he  employed  with  advantage.  The  ox-gall  should  be  purified,  to  prevent  Its 
greenish  tint  from  degrading  the  brilliancy  of  dyed  stuffs,  or  the  purity  of  whites.  Thus 
prepared  (see  Gall),  it  is  the  most  precious  of  all  substances  known  for  removing  these 
kinds  of  stains.  4.  The  volatile  oil  of  turpentine  will  take  out  only  recent  stains;  for 
which  purpose  it  ought  to  be  previously  purified  by  distillation  over  quicklime.  Wax, 
rosin,  turpentine,  pitch,  and  all  resinous  bodies  in  general,  form  stains  of  greater  or  less 
adhesion,  which  may  be  dissolved  out  by  pure  alcohol.  The  juices  of  fmits,  and  the  col- 
ored juices  of  all  vegetables  in  general,  deposite  upon  clothes  marks  in  their  peculiar 
hues.  Stains  of  wine,  mulberries,  black  currants,  morellos,  liquors,  and  weld,  yield  only 
to  soapine  with  the  hand,  followed  by  fumigation  with  sulphurous  acid ;  but  the  latter 
process  is  inadmissible  with  certain  colored  stuffs.  Iron  mould  or  rust  stains  may  be 
taken  out  almost  instantaneously  with  a  strong  solution  of  oxalic  acid.  If  the  stain  is 
recent,  cream  of  tartar  will  remove  it. 

Compound  spots.  —  That  mixture  of  rust  of  iron  and  grease  called  cambouis  by  the 
French,  is  an  example  of  this  kind,  and  requires  two  distinct  operations;  first,  the  removal 
of  the  grease,  and  then  of  the  rust,  by  the  means  above  indicated. 

Mud,  ef  racially  that  of  cities,  is  a  compound  of  veeetable  remains,  and  of  ferruginous 
SDStter  in  a  stntr>  r>f  b*ack  oxyde.  Washing  with  pure  water,  followed  if  necessary  with 
soaping,  will  take  away  the  vegetable  juices ;  and  then  the  iron  may  be  removed  witk 
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cmun  of  tarUr,  which  itself  mast,  howeyer,  be  well  washed  out.  Ink  gtains,  whei  » 
cent,  may  be  taken  out  by  wa^hinv,  first  with  pare  water,  next  wilh  sompy  water,  al 
lastly  with  lenioD  juice ;  but  if  old,  they  must  be  treated  with  oxalic  acid.  Slaias  oc» 
sioned  by  smoke,  or  by  sauces  browned  in  a  frying-pan,  may  be  snppoaed  to  ooosiitflfa 
mixture  of  pitch,  black  oxyde  of  iron,  empyreumatic  oil,  and  some  saline  matters  disssM 
in  pyroligneous  acid.  In  this  case  several  reacents  must  be  employed  to  remore  Ai 
stains.  Water  and  soap  dissolve  perfectly  well  the  vegetable  malterSy  the  salts,  At 
pyroligneous  acid,  and  even  the  empyreumatic  oils  in  a  great  measure;  the  esseacerf 
turpentine  will  remove  the  rest  of  the  oils  and  all  the  pitchy  matter  j  then  oxalic  mU 
may  be  us^ed  to  discharge  the  iron.  Coffee  stains  reqaire  a  washing  with  water,  widia 
carefni  soaping,  at  the  temperature  of  120*'  F.,  followed  by  sulphuration.  The  twohlkr 
processes  may  be  repeated  twice  or  thrice.  Chocolate  stains  may  be  remoTed  by  the  ■■! 
means,  and  more  easily. 

As  to  thos^e  »tai(iH  which  change  the  color  of  the  stuff,  they  must  be  correeted  byi^ 
propriate  chemical  reagents  or  dyes.  When  binck  or  brown  cloth  is  reddened  bf  ■ 
aeid,  the  stain  is  best  counteracted  by  the  application  of  water  of  ammonia.  If  delkMi 
silk  colors  are  injured  by  soapy  or  alkaline  matters,  the  stains  must  be  treated  «ih 
colorless  vinegar  of  moderate  force.  An  earthy  comiioand  for  removing  grease  spsnii 
made  as  follows:  —  Take  fullci's  earth,  free  it  from  nil  gritty  matter  by  elutriatioa  «ih 
water ;  mix  wilh  half  a  pound  of  the  earth  so  prepared,  half  a  pound  of  soda,  as  muA 
soap,  and  eight  yolks  of  eggs  well  beat  np  with  half  a  pound  of  purified  ox-^UL  Tkt 
whole  most  be  carefully  trilurati-d  upon  a  porphyry  slab ;  the  soda  with  the  soap  ia  Ihi 
same  manner  as  colors  are  eround,  mixing  in  grodually  the  e«yn  and  the  ox-gall  pitikii 
ly  beat  together.  Incoriiorate  next  the  soft  earth  by  slow  degrees,  till  a  nniionn  tU 
paste  be  formed,  which  should  be  made  into  balls  or  cakes  of  a  eonTenient  sixe,  and  ktf 
out  to  dry.  A  little  of  this  deterg|ent  being  scraped  off  with  a  knife,  made  into  a  psMi 
with  water,  and  applied  to  the  stain,  will  remove  it.  Purified  ox-gall  is  to  be  diffiMt 
through  its  own  bulk  of  water,  applied  to  the  spots,  rubbed  well  into  them  with  the  < 
till  they  disappear,  afler  which  the  stuff  is  to  be  washed  with  loft  water.  It  is  the 
nbstance  for  removing  stains  on  woollen  clothes. 

The  redistilled  oil  of  turpentine  may  also  be  rubbed  upon  the  dry  clothes  with  a 
or  a  tuft  of  cotton  till  the  spot  disapi>ear;  but  it  must  be  immediately  afterwards  corciii 
with  some  plastic  clay  reduced  to  powder.  Without  this  precaution,  a  cloud  would  If 
formed  round  the  stain,  as  large  as  the  part  moistened  with  the  turpentine. 

Oxalic  acid  may  be  applied  in  powder  upon  the  spot  previously  moistened  with 
well  rubbed  on,  and  then  washed  off  with  pure  water. 

Sulphurous  acid  is  best  generated  at  the  moment  of  using  it.    If  the  clothes  be 
stained,  they  should  be  suspeadcd  in  an  ordinary  fumigatine  chamber.     For  trifling  i 
the  sulphur  may  be  burned  under  the  wide  end  of  a  small  card  or  paper  funnel, 
upper  orifice  is  applied  near  the  cloth. 

MoMtpulations  of  the  aamrer, — These  consist,  first,  in  washing  the  clothes  in  dear  sai 
water,  or  in  soap-water.  The  cloth  must  be  next  stretched  on  a  sloping  board,  uA 
nibbed  with  the  appropriate  reagent  as  above  described,  cither  by  a  sponge  or  a  nsl 

hard  brush.  The  application  of  a  redhot  um 
a  little  way  above  a  moistened  spot  sta 
volatilizes  the  greasy  matter  out  of  it. 
of  pitch,  varnish,  or  oil  paint,  which  have 
come  dry,  must  first  be  softened  with  a 
fresh  batter  or  lard,  and  then  treated 
powder  of  the  scouring  ball.  When  the  gloH 
has  been  taken  from  silk,  it  may  be  rettoiei 
by  applying  the  filtered  mucilage  of  gHi 
tragacanth ;  stretching  it  upon  a  frame  li 
dry.  Ribands  are  glossed  with  isin( 
Lemon  juice  is  used  to  brighten  scarlet  i 
after  they  have  been  cleaned. 

SEAL  ENGRAVING.  The  art  of  fli- 
graving  gtm»  is  one  of  extreme  nicety.  Hi 
stone  having  received  its  desired  form  horn 
the  lapidary,  the  engraver  fixes  it  by  ojatftL 
to  the  end  of  a  wooden  handle,  and  An 
draws  the  outline  of  his  subject,  with  a  hnm 
needle  or  a  diamond,  upon  Its  smooth  dta^ 
face. 

Fig.  969  represents  the  whole  of  the  m 
engraver's  lathe.  It  consists  of  a  table  m 
which  is  fixed  themiUy  a  small  horiiitlii 
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blinder  of  steeljl  into  one  of  whose  extremities  the  tool  is  inserted,  and  which  is  made 
to  revolve  by  the  usual  fly-wheel,  driven  by  a  treddle.  The  tools  that  may  be  fitted 
to  the  mill-cylinder,  are  the  following ;  /g.  970  a  hollow  cylinder,  for  describing  circles, 
«id  for  bori&g ;  /g.  971  a  knobbed  tool,  or  rod  terminated  by  «  small  ball ;  ^g.  972 
«  stem  terminated  with  a  cutting  disc,  whose  edge  may  be  either  rounded,  square,  or 
vliarp )  being  in  the  last  case  called  a  saw. 

Havins:  fixed  the  tool  best  adapted  to  his  style  of  work  in  the  mill,  the  artist  applies 
to  its  cutting  point,  or  edge,  some  diamond-powder,  mixed  up  with  olive  oil ;  and  turning 
Uie  wheel,  he  holds  the  stone  against  the  tool,  so  as  to  produce  the  wished-for  delineation 
«Bd  erosion.    A  similar  apparatus  is  used  for  engraving  on  glass. 

In  order  to  give  the  highest  degree  of  polish  to  the  engraving,  tools  of  boxwood,  pew- 
fafy  or  copper,  bedaubed  with  moistened  tripoli  or  rotten-stone,  and  lastly,  a  brush,  are 
&ttened  to  the  mill.  These  are  worked  like  the  above  steel  instruments.  Modem  en- 
Ipmvings  on  precious  stones  have  not  in*  general  the  same  fine  polish  as  the  ancient. 
The  article  Gems,  in  Rees*  Cyclopodia,  contains  a  variety  of  valuable  information  on  this 
vabject,  equally  interesting  to  the  artist  and  the  scholar. 

SEALING-WAX.  (Cire  ^  cacheter,  Fr. ;  Siegelhck,  Germ.)  The  Hindoos  from  lime 
immemorial  have  possessed  the  resin  lac,  and  were  lone  accustomed  to  use  it  for  sealing 
Ibannscripts  before  it  was  known  in  Europe.  It  was  first  imported  from  the  East  into 
Tcnice,  and  then  into  Spain  ;  in  which  country  sealing-wax  became  the  object  of  a  con- 
lidcrable  commerce,  under  the  name  of  Spanish  wax. 

If  shellac  be  compounded  into  sealing-wax,  immediately  aAer  it  has  been  separated  by 
fbaion  from  the  palest  qualities  of  stick  or  seed  lac,  it  then  forms  a  better  and  less  brittle 
vUcIe,  than  when  the  shellac  is  fused  a  second  time.  Hence  sealing-wax,  rightly  pre- 
pared in  the  East  Indies,  deserves  a  preference  over  what  can  be  made  in  other  countries, 
where  the  lac  is  not  indigenous.  Shellac  can  be  restored  in  some  degree,  however,  to  a 
plastic  and  tenacious  stale  by  melting  it  with  a  very  small  portion  of  turpentine.  The 
palest  shellac  is  to  be  selected  for  bright-colored  sealing-wax,  the  dark  kind  being  reserved 
for  black. 

The  following  prescription  may  be  followed  for  making  red  sealing-wax :  —  Take  4 
<Nmees  of  shellac,  1  ounce  of  Venice  turpentine  (some  say  1|  ounces),  and  3  ounees  of 
vermilion.  Melt  the  lac  in  a  copper  pan  suspended  over  a  clear  charcoal  fire,  then 
poor  the  turpentine  slonly  into  it,  and  soon  aAerwards  add  the  vermilion,  stirrinr 
briskly  all  the  time  of  the  mixture  with  a  rod  in  either  hand.  In  forming  the  ronna 
Slicks  of  sealing-wax,  a  certain  portion  of  the  mass  should  be  weighed  while  it  is  ductile, 
divided  into  the  desired  number  of  pieces,  and  then  rolled  out  upon  a  warm  marble  slab. 
Ky  means  of  a  smooth  wooden  block,  like  that  used  by  apothecaries  for  rolling  a  mass  of 
l^s.  The  oval  sticks  of  sealing-wax  are  cast  in  moulds,  with  the  above  compound  in 
M  state  of  fusion.  The  marks  of  the  lines  of  junction  of  the  mould-box  may  be  afleiw 
wards  removed  by  holding  the  sticks  over  a  clear  fire,  or  passing  them  over  a  blue  gas- 
flame.  Marbled  sealing-wax  is  made  by  mixing  two,  three,  or  more  colored  kinds  of 
it,  while  they  are  in  a  semi-fluid  state.  From  the  viscidity  of  the  several  masses,  their 
iseorporation  is  lefl  incomplete,  so  as  to  produce  the  appearance  of  marbling.  Gold  seal* 
ing-wax  is  made  simply  by  stirring  gold-colored  mica  spangles  into  the  melted  resins. 
Wax  may  be  scented  by  introducing  a  little  essential  oil,  essence  of  musk,  or  other  per- 
fRnne.  If  1  part  of  balsam  of  Peru  be  melted  along  with  99  parts  of  the  sealing-wax 
COBiposition,  an  agreeable  fragrance  will  be  exhaled  in  the  act  of  sealing  with  it.  Either 
lamp  black  or  ivory  black  serves  for  the  coloring-matter  of  black  wax.  Sealing-wax 
it  ohen  adulterated  with  rosin )  in  which  case  it  rons  into  thin  drops  at  the  flame  of 
a  candle. 

SEA  WATER,  is  composed  as  follows,  according  to  the  author  of  the  article  Salimtf 
in  the  Dictionnain  Tethnohgique :  —  Chloride  of  sodium,  2*50 ;  chloride  of  magnesium^ 
0*35 ;  sulphate  of  magnesia,  0*58 ;  carbonates  of  lime  and  magnesia,  0*02 ;  sulphate  of 
lisae,  0*01 ;  water,  96*54,  in  100  parts.    See  Salt,  Sea. 

SEGGAR,  or  SAGGER,  is  the  c>'lindric  case,  of  fire-clay,  in  whieh  fine  stoneware  is 
anclosed  while  being  baked  in  the  kiln. 

SELENIUM,  from  JUx^pUt  the  moon,  is  a  metalloid  principle,  discovered  by  Berzelius, 
in  1817.  It  occurs  sparingly  in  combination  with  several  metals,  as  lead,  cobalt,  copper, 
and  quicksilver,  in  the  Harz,  at  Tilkerode;  with  copper  and  silver  (Eukairite)  in 
Sweden,  with  tellurium  and  bismuth  in  Norway,  with  tellurium  and  gold  in  Siebenbfirgen, 
in  several  copper  and  iron  pyrites,  and  with  sulphur  in  the  volcanic  products  of  the 
Lipari  Islands.  Selenium  has  been  found  likewise  in  a  red  sediment  which  forms  upon 
the  bottoms  of  the  lead  chambers  in  which  oil  of  vitriol  has  been  made  from  peculiar 
pyrites,  or  pyritous  sulphur.  The  extraction  of  selenium  from  that  deposite  is  a  very 
eonplex  process* 

Selenium,  aAer  being  fused  and  slowly  cooled,  appears  of  a  bluish-gray  color,  with  a 
l^teaing  sorfaee ;  but  it  is  reddish  brown,  and  of  metallic  lustra  when  quickly  cooled. 
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It  is  brittle,  not  rer)'  nard,  and  has  little  tendenqr  to  aMume  tlie  erTBtfedliiie  mt 
Selenium  is  dark-red  in  powder,  and  transparent,  with  a  rabf  east,  in  thin  lealn.  b 
specific  gravity  is  4-30.  It  softens  at  the  temperature  of  17IP  F.,  is  of  a  pasty  m- 
sistence  at  212°,  becomes  liquid  at  a  somewhat  higher  heat,  (bnninir  in  eloae  TesKb  dak- 
yellow  vapors,  which  condense  into  black  drops ;  but  in  the  air,  the  fames  hare  a  » 
nabar-rcd  color. 

This  singular  substance,  apparently  intermediate  in  its  constitution  between  nilphw 
and  metals,  has  not  hitherto  been  applied  to  any  use  in  the  arts. 

SELTZER  WATER.    See  Soda-water,  and  Watess,  Minebal. 

SEPIA,  is  n  pigment  prepared  from  a  black  juice  secreted  by  certain  ghmdscf  Ik 
cuttle-fish,  which  the  animal  ejects  to  darken  the  water  when  it  is  panned.  One  pat 
•f  it  is  capable  of  making  1000  parts  of  water  nearly  opaque.  AH  the  varieties  of  iki 
mollusca  secrete  the  same  juice;  but  the  Sepia  officinalit^  the  Sepia  ioiigOy  and  VaeSifk 
tunicatGy  are  chiefly  sought  afker  for  making  the  pigment.  The  firsly  which  occurs  iko- 
dantly  in  the  Mediterranean,  affonls  most  color ;  the  sac  contaimn^  it  being  extradri, 
the  juice  is  to  be  dried  as  quickly  as  possible,  because  it  runs  rapidly  into  patrcfiuliH. 
Though  insoluble  in  water,  it  is  extremely  ditfusible  through  it,  and  is  very  slovlTd»> 
posited.  Caustic  alkalis  dissolve  the  sepia,  and  turn  it  bmwn ;  bat  in  proportioa  as  lk^ 
alkali  becomes  carbonated  by  exposure  to  air,  the  sepia  falls  to  the  bottom  of  the  TCfliL 
Chlorine  blanches  it  slowly.  It  consists  of  carbon  in  an  extremely  divided  state,  aksc 
with  albumine,  gelatine,  and  phosphate  of  lime. 

The  dried  naiive  sepia  is  preiuired  for  the  painter,  by  first  tritnniting  it  with  a  link 
caustic  ley,  then  adding  more  ley,  boiling  the  liquid  for  half  an  hunr,  filterinv,  lOt 
saturating  the  alkali  with  an  acid,  separating  the  precipitate,  washing  it  with  water,  sal 
finally  drying  it  with  a  gentle  heat.    The  pigment  is  of  a  brown  color,  and  a  fine  crais. 

SEFTARIA,  called  anciently  Indus  Hehnoniiij  (the  quoUt  of  Van  Helnx>nt,  from  Ihdr 
form,)  are  lenticular  concretions  of  clay  ironstone,  intersected  byveinsof  calc-8par,wMd^ 
when  calcined,  and  ground  to  powder,  form  an  excellent  hydraulic  cement.  See  Mostab, 
Hydraulic. 

SERPENTINE,  is  a  mineral  of  the  magnesian  family,  of  a  green  eolor ;  It  is  scntchal 
hy  calcareous  spar,  is  sectile,  tough,  and  therefore  easily  cut  mto  ornamental  forms.  It 
occurs  in  Unst  and  Fetlar,  in  Shetland;  at  Portsoy,  in  Ranlfshtre;  inr  Cornwall ;  and  llie 
Isle  of  Holyhead.  The  floors  of  bakers' ovens  are  advantageously  laid  with  slabs  cf 
serpentine. 

SHAFT,  in  mininir,  signifies  a  perpendicular  or  slightly  inclined  pit. 

SHAGREEN.  (Chagrin,  Fr.  and  Germ.)  The  true  oriental  shagreen  is  essenlisllf 
different  from  all  modifications  of  leather  and  parchment.  It  approaches  the  laner  sob^ 
what,  indeed,  in  its  nature,  since  it  consists  of  a  dried  skin,  not  combined  with  any  tanaiig 
or  foreign  matter  whatever.  Its  distinguishing  characteristic  is  having  the  grain  or  hsir 
side  covered  over  with  small  rough  round  specks  or  granulations. 

It  is  prepared  from  the  skins  of  horses,  wild  asses,  and  camels ;  of  strii>s  cut  along  the 
chine,  from  the  neck  towards  the  tail,  apparently  because  this  stronger  and  thicker  par 
tion  of  the  skin  is  best  adapted  to  the  operations  about  to  be  described.  These  fiUdf 
are  to  be  steeped  in  water  till  the  epidermis  becomes  loose,  and  the  hairs  easily  cose 
away  by  the  roots ;  afler  which  they  are  to  be  stretched  upon  a  board,  and  dressed  with  the 
currier's  fleshing-knife.  They  must  be  kept  continually  moist,  and  extended  hy  eofdi 
attached  to  their  edges,  with  the  flesh  side  uppermost  upon  the  board.  £ach  strip  now 
resembles  a  wet  bladder,  and  is  to  be  stretched  in  an  open  square  wooden  frame  by  mcaBS 
of  strings  tied  to  its  edges,  till  it  be  as  smooth  and  tense  as  a  drum-head.  For  this  par- 
pose  it  must  be  moistened  and  extended  from  time  to  time  in  the  frame. 

The  grain  or  hair  side  of  the-  moist  strip  of  skin  must  next  be  sprinkled  over  with  s 
kind  of  seeds  called  Mlabuta,  \vhi«h  are  to  be  forced  into  its  surface  either  by  trampisg 
with  the  feet,  or  with  a  simple  press,  a  piece  of  felt  or  other  thick  stuff  being  laid  opoa 
the  seeds.  These  seeds  belong  probably  to  the  Chcnapodium  album.  They  are  lentieoJary 
hard,  of  a  shining  black  color,  farinaceous  within,  about  the  size  of  poppy  seed,  and  an 
sometimes  used  to  represent  the  eyes  in  wax  figures. 

The  skin  is  exposed  to  dry  in  the  shade,  with  the  seeds  indented  into  its  surface;  a/ler 
which  it  is  freed  from  them  by  shaking  it,  and  beatins;  upon  its  other  side  with  a  stid;. 
The  outside  will  be  then  horny,  and  pitted  with  small  hollows  corresponding  to  the  shape 
and  number  of  the  seeds. 

In  onier  to  make  the  next  process  intelligible,  we  must  advert  to  another  analogoss 
end  well-known  operation.  When  we  make  impressions  in  fine-grained  dry  wood  with 
steel  punches  or  letters  of  any  kind,  then  plane  away  the  wood  till  we  come  to  the  levd 
of  the  bottom  of  these  impressions,  aAerwards  steep  the  wood  in  water,  the  condensed  or 
punchcfi  points  will  swell  above  the  surface,  and  place  the  letters  in  relief.  Snufl-bnxes 
have  sometimes  been  marked  with  prominent  figures  in  this  way.  Now  shagreen  is  trctt- 
e  1  in  a  similar  manner. 
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The  strip  of  dun  is  stretched  in  an  inclined  plane,  witn  tts  upper  edge  attached  to  hooks, 
«Bd  hs  under  one  loaded  with  weights,  in  which  position  it  is  thinned  off  with  a  proper 
•emi-lunar  knife,  hnt  not  so  mnch  as  to  touch  the  bottom  of  the  seed-pits  or  depressions. 
07  maceration  in  water,  the  skin  is  then  made  to  swell,  and  the  pits  become  prominent 
«Ter  the  surface  which  had  been  shared.  The  swelling  is  completed  by  steeping  the 
■trips  in  a  warm  solution  of  soda,  after  which  they  are  cleansed  by  the  action  of  salt  brine, 
mad  then  dyed. 

In  the  East  the  following  processes  are  pursued.  Entirely  white  shagreen  is  obtained 
fay  imbuing  the  skin  with  a  solatk)n  of  alum,  covering  it  with  the  dough  made  with  Tur- 
key wheat,  and  afler  a  time  washing  this  away  with  a  solution  of  alum.  The  strips  are 
BO^  rubbed  with  grease  or  suet,  to  diminish  their  rigidity,  then  worked  carefblly  in  hot 
wmter,  curried  with  a  blunt  knife,  and  afterwards  dried.  They  are  died  red  with  decoc- 
tion of  cochineal  or  kermes,  and  green  with  fine  copper  filings  and  sal  ammoniac,  the  so- 
lution of  this  salt  being  first  applied,  then  the  filings  being  strewed  upon  the  skin,  which 
must  be  rolled  up  and  loaded  with  weights  for  some  time ;  blue  is  given  with  indigo,  quick- 
lime, soda,  and  honey ;  and  black,  with  galls  and  copperas. 

SHALE,  or  SLATE  CLAY,  is  an  important  stratiform  member  of  the  coal-measures. 
See  PiTcoAL. 

8HAM0Y  LEATHER.    See  Leather. 

SHEATHING  OF  SHIPS.  For  this  purpose  many  difi*erent  metals  and  metallic  alloyi 
have  been  lately  proposed.  From  a  train  (rf*  researches  which  I  made  for  an  eminent  cop- 
per company,  a  few  years  ago,  upon  various  specimens  of  sheathing  which  had  been  ex- 
posed upon  ships  during  many  voyages,  it  appeared  that  copper  containing  a  minute  but 
definite  proportion  of  tin,  was  by  far  the  most  durable. 

SHELLAC.    See  Lac,  and  Scaling-wax. 

SIENITE  is  a  granular  aggregated  compound  rock,  consisting  of  feldspar  and  horn- 
blende, sometimes  mixed  with  a  little  quartz  and  mica.  The  hornblende  is  the  charac- 
teristic ingredient,  and  serves  to  distinguish  sienite  from  granite,  with  which  it  has  been 
sometimes  confounded ;  though  the  feldspar,  which  is  generally  red,  is  the  more  abun- 
dant constituent.  The  Egyptian  sienite,  containing  but  little  hornblende,  with  a  good 
deal  of  quartz  and  mica,  approaches  most  nearly  to  granite.  It  is  equally  metalliferous 
with  porphyry ;  in  the  island  of  Cyprus,  it  is  rich  in  copper;  and  in  Hungary,  it  contains 
many  valuable  gold  and  silver  mines. 

Sienite  forms  a  considerable  part  of  the  Criffle,  a  hill  in  Galloway.  It  takes  its  name 
firom  the  city  of  Syene,  in  the  Thebaid,  near  the  cataracts  of  the  Nile,  where  this 
xoek  abounds.  It  is  an  excellent  building-stone,  and  was  imported  in  large  quantities 
lh>m  Egypt  by  the  Romans,  for  the  architectural  and  statuary  decorations  of  their 
capital. 

SILICA  and  SILICON.  (Silice,  tUiciumy  Fr. ;  Kieselerde^  kie»d,  Germ.)  Silica  was 
till  lately  ranked  among  the  earths  proper ;  but  since  the  researches  of  Davy  and  Ber- 
selius,  it  has  been  transferred  to  the  chemical  class  of  acids.  It  constitutes  the  principal 
portion  of  most  of  the  hard  stones  and  minerals  which  compose  the  crust  of  the  globe ; 
occurring  nearly  pure  in  rock  crystal,  quartz,  agate,  calcedony,  flint,  &c.  Silica  or 
silicic  acid  may  be  obtained  perfectly  pure,  and  also  in  the  finest  state  of  comminution, 
lyy  takin?  the  precipitate  formed  by  passing  silicated  fluoric  gas  through  water,  filter- 
ing, washing,  and  igniting  it,  to  expel  the  last  traces  of  the  fluoride  of  silicon.  The 
powder  thus  obtained  is  so  light  as  to  be  blown  away  with  the  least  breath  of  air.  Silica 
may  be  more  conveniently  procured,  however,  by  fusing  ground  flint  with  four  times  its 
weight  of  a  mixture,  in  equal  parts,  of  dry  carbonate  of  potassa  and  carbonate  of  soda,  in 
a.platinum  or  silver  crucible.  The  alkaline  carbonates  should  be  first  fused,  and  the  flint 
powder  sprinkled  into  the  liquid,  as  long  as  it  dissolves  with  eflfervescence.  The  mass  ii 
to  be  then  allowed  to  cool,  dissolved  in  dilute  muriatic  acid ;  the  solution  is  to  be  filtered, 
and  evaporated  to  dryness ;  the  dry  crust  is  to  be  pulverized,  digested  for  two  hours  with 
a  little  muriatic  acid,  to  remove  any  iron  and  alumina  that  may  be  present,  next  washed 
with  hot  water,  drained,  dried,  and  ignited. 

The  above  silicate  of  potassa  and  soda  is  the  compound  called  soluble  glass,  which 
applied  in  solution  to  the  surface  of  wood,  calico,  paper,  &c.,  renders  them  unsusceptible 
of  taking  fire  on  the  contact  of  an  ignited  body. 

Silica,  as  thus  prepared,  is  a  white  powder,  rough  to  the  touch,  gritty  between  the 
teeUi,  absolutely  insoluble  in  water,  acids,  and  most  liquids.  Its  specific  gravity  is 
2'66«  It  cannot  be  fused  by  the  most  intense  heat  of  our  fhmaces,  but  at  the  flame  of 
the  oxy-hydrogen  blowpipe  it  melts  into  a  limpid  colorless  glass.  By  peculiar  chemip 
cal  methods,  an  aqueous  solution  of  it  may  be  made  artificially,  similar  to  what  nature 
presents  us  with  in  many  thermal  springs,  as  in  those  of  Reikum  and  of  Greyser  in  Ice- 
land, and  of  most  mineral  waters,  in  minute  quantity.  There  is  no  acid  except  the  flu- 
oric which  can  directly  dissolve  dry  or  calcined  silica.  Silica  is  composed  of  48*04  silicoB^ 
•ad  01*96  oijfeii. 
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SILICATES  are  compounds  of  silicic  acid  (silica),  with  the  bases  alnmiaa,  line,  nif- 
nesia,  potassa,  soda,  Sec.  They  constitute  the  greater  number  by  far  of  the  hard  ninct- 
als  which  incrust  the  terrestrial  globe.  Thus  cyanite  is  a  subsilicate  of  alumina ;  feUspsr 
and  icucite,  are  silicates  of  alumina  and  potassa ;  albite  and  analcime,  are  silicates  sf  tl> 
umina  and  soda ;  stilbite,  prehnite,  mesolite,  labradorite,  tourmaline,  mica,  &c.,  are  nli* 
cates  of  alumina  and  lime;  chr>'soIite,  steatite,  serpentine,  and  meerschaum,  are  silicitei 
of  masrnesia ;  ausitc  and  hornblende,  are  silicates  of  lime  and  magnesia,  &e. 

SILICON,  called  also  silicium,  may  be  obtained  by  burning  potassium  in  sOicsted 
fluoric  gas.  The  product  of  the  combustion  is  a  brown  cinder,  which,  on  being  throws 
into  water,  disengages  hydrogen  with  violence,  and  lets  fall  a  dark  liver-brown  pomier, 
upon  which  water  exercises  no  action.  This  matter  is  silicon  mixed  with  a  salt  of  diffi- 
cult solution,  which  is  composed  of  fluorine,  potassium,  and  silicon.  This  salt  may,lwv- 
ever,  be  removed  by  a  great  deal  of  washing.  The  further  details  of  this  eurioos  subject 
will  be  given  in  my  forthcoming  svetem  of  chemistry. 

SILK  MANUFACTURE.  (Fabrique  de  soUy  Fr.;  Seidenfabnk^  Genu.)  TUi 
may  be  divided  into  two  branches;  1.  the  production  of  raw  silk;  2.  its  filature  tad 
preparation  in  the  mill,  for  the  purposes  of  the  weaver  and  other  textile  artisans.  The 
threads,  as  spun  by  the  silkworm,  and  wound  up  in  its  cocoon,  are  all  twins,  in  eoBW> 
quence  of  the  twin  orifice  in  the  nose  of  the  insect  through  which  they  are  projectei 
These  two  threads  are  laid  parallel  to  each  other,  and  are  glued  more  or  less  eresly 
together  by  a  kind  of  glossy  varnish,  which  also  envelopes  them,  constituting  nesrir 
25  per  cent,  of  their  weight.    Each  ultimate  filament  measures  about     ^      of  an  iick 

in  average  fine  silk,  and  the  pair  measures  of  course  fully  j-J-^  of  an  inch.    In  theitw 

silk,  as  imported  from  Italy,  France,  China,  &c.,  several  of  these  twin  filamenti  are 
slightly  twisted  and  agglutinated  to  form  one  thread,  called  a  single. 

The  specific  gravity  of  silk  is  1*300,  water  being  1*000.  It  is  by  far  the  most  test' 
cious  or  the  strongest  of  all  textile  fibres,  a  thread  of  it  of  a  certain  diameter  Mag 
nearly  three  times  stronser  than  n  thread  of  flax,  and  twice  stronger  than  hemp.  Some 
varieties  of  silk  arc  perfectly  white,  but  the  general  color  in  the  native  state  is  a  goUei 
yellow. 

The  production  of  silk  was  unknown  in  Europe  till  the  sixth  century,  when  tio 
monks,  who  brousrht  some  eags  of  the  silkworm  from  China  or  India  to  Constantiaople^ 
were  encouraged  lo  breed  the  insect,  and  cultivate  its  cocoons,  by  the  Emperor  Jw 
nian.  Several  silk  manufactures  were  in  consequence  established  in  Athens,  Thebeff, 
and  Corinth,  not  only  for  rearing  the  worm  upon  mulberr}'-]eaves,  but  for  unwindiiui iti 
cocoons,  for  twisting?  their  filnments  into  stronger  threads,  and  weaving  these  inton^ 
The  Venetians  having:  then  and  lonz  afterwards  intimate  commercial  relations  withtbe 
Greek  empire,  supplied  the  whole  of  western  Europe  with  silk  goods,  and  derived  gictt 
riches  from  the  trade. 

About  -1130,  Roger  II.,  kini;  of  Sicily,  set  up  a  silk  manufacture  at  Palermo,  ind 

another  in  Calabria,  conducted  by  artisans  whom  he  had  seized  and  carried  off  u 

prisoners  of  war  in  his  expedition  to  the  Holy  Land.     From  these  countries,  the  sift 

industry   soon  spread  throughout  Italy.    It  seems  to  have  been  introduced  info  Spaia 

at  a  ver)*  early  period,  by  the  Moors,  particularly  in  Murcia,  Cordova,  and  Gnoida. 

The  last  town,  indeed,  possessed  a  flourishing  silk  trade  when  it  was  taken  by  FerdiMad 

in  the   15th  century.    The  French  having  been  supplied  with  workmen  from  MiIsB> 

commenced,  in   1521,  the  silk  manufacture;  but  it  was  not  till  1564  that  theybegiB 

successfully  to  produce  the  silk  itself,  when  Traucat,  a  working  gardener  at  Nincf, 

formed  the  first  nursery  of  white  mulberry-trees,  and  with  such  success,  that  in  a  few 

years  he  wns  enabled  to  propagote  them  over  many  of  the  southern  provinces  of  Fhk*- 

Prior  to  this  time,  some  French  noblemen,  on  their  return  from  the  conquest  of  Kir'*» 

had  introduced  a  few  silkworms  with  the  mulberry  into  Dauphiny ;  but  the  boriBf» 

had  not  prosperetl  in  their  hands.    The  mulberry  plantations  were  greatly  encomnted 

by  Henry  IV. ;  and  since  then  they  have  been  the  source  of  most  beneficial  emploj- 

ment  to  the  French  people.    James  I.  was  most  solicitous  to  introduce  the  breedisc  of 

silkworms  into  England,  and  in  a  speech  from  the  throne  he  earnestly  recommeadcd  bis 

subjects  to  plant  mulberry-trees ;  but  he  totally  failed  in  the  project.     This  country  dew 

not  seem  to  be  well  adapted  for  this  species  of  husbandry,  on  account  of  the  vreat  pr^ 

valence  of  blichtinir  east  winds  during  the  months  of  April  and  May,  when  the  voncs 

require  a  plentiful  supply  of  mulberry-leaves.    The  manufacture  of  silk  goods,  howerer. 

made  great  progress  during  that  king*s  peacefnl  and  pompous  reign.  '  In  1629  it  bid 

become  so  considerable  in  London,  that  the  silk-throwsters  of  the  city  and  sobarbt 

were  formed  into  a  public  corporation.    So  early  as  1661,  they  employed  40,000  prifosii 

The  revocation  of  the  edict  of  Nantes,  in  1685,  contributed  in  a  remarkable  manner  to 

the  increase  of  the  English  silk  trade,  by  the  influx  of  a  large  colony  of  skilfdl  FVcbc^ 

weavers,  who  settled  in  Spitalfiekis.    The  great  si1k>throwing  mill  monnted  at  DctbTi  P 

1719,  also  served  to  promote  the  extension  of  this  branch  of  manoikeCvre ;  fiir  iM* 
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tfterwmrds,  in  the  year  1730,  the  English  silk  ^oods  hore  a  higher  price  in  Italy  than 
those  maJe  by  the  Italians,  according  to  the  testimony  of  Keysler. 

Till  the  year  1826,  however,  our  silk  manufactures  in  general  labored  under  Tery 
grievous  fiscal  burdens.  Foreign  organzine,  or  twisted  raw  silk,  paid  an  import  duty  of 
14t.  HiL  per  pound ;  Raw  Bengal  silk.  As. ;  and  that  from  other  places,  5«.  7^.  Mr. 
Haskisson  introduced  a  bill  at  that  time,  reducing  the  duty  on  organzine  to  5j.,  and  the 
duty  on  other  raw  silk  to  3d.  per  pound.  The  total  prohibition  of  the  import  of  French 
manufactured  silks,  which  gave  rise  to  so  much  contraband  trade,  was  also  converted 
into  a  duty  of  30  per  cent,  ad  valorem.  During  the  reign  of  the  prohibitory  system, 
when  our  silk  weavers  had  no  variety  of  patterns  to  imitate,  and  no  adequate  stimulus 
lo  excel,  on  account  of  the  monopoly  which  they  possessed  in  the  home  market,  the 
inferiority  of  their  productions  was  a  subject  of  constant  pride  and  congratulation 
niDong  the  Lyonnais;  and  accordingly  the  English  could  not  stand  their  competition 
any  where.  At  that  time,  the  disadvantage  on  English  silk  goods,  compared  to  French^ 
was  estimated  in  foreign  markets  at  40  per  cent. ;  of  late  years  it  certainly  does  not  ex- 
ceed 20,  notwithstanding  the  many  peculiar  facilities  which  France  enjoys  for  this  her 
bvorite  staple. 

The  silkworm,  called  by  entomologists  Phalana  bombyx  moriy  is,  like  its  kindred 
species,  subject  to  four  metamorphoses.  The  ege,  fostered  by  the  genial  warmth  of 
spring,  sends  forth  a  caterpillar,  which,  in  its  progressive  enlargement,  casts  its  skin 
either  three  or  four  times,  according  to  the  variety  of  the  insect.  Having  acquired  its 
full  size  in  the  course  of  25  or  30  days,  and  ceasing  to  eat  during  the  remainder 
of  its  life,  it  begins  to  discharge  a  viscid  secretion,  in  the  form  of  pulpy  twin 
filaments,  from  its  nose,  which  harden  in  the  air.  These  threads  are  instinctively 
eoiled  into  an  ovoid  nest  round  itself,  called  a  cocoon,  which  serves  as  a  defence  against 
living  enemies  and  changes  of  temperature.  Here  it  soon  changes  into  the  chrvsalis  or 
nymph  state,  in  which  it  lies  swaddled,  as  it  were,  for  about  15  or  20  days.  Then  it 
barsts  its  cerements,  and  comes  forth  furnished  with  appropriate  wings,  antennae,  and 
fieet,  fur  living  in  its  new  element,  the  atmosphere.  The  male  and  the  female  moths 
couple  together  at  this  time,  and  terminate  their  union  by  a  speedy  death,  their  whole 
existence  being  limited  to  two  months.  The  cocoons  are  completely  formed  in  the  course 
of  three  or  four  days;  the  finest  being  re$er\'ed  as  seed  worms.  From  these  cocoons, 
after  an  interval  of  18  or  20  days,  the  moth  makes  its  appearance,  perforating  its  tomb 
by  knocking  with  its  head  against  one  end  of  the  cocoon,  aAcr  soAening  it  with  saliva, 
■ad  thus  rendering  the  filaments  more  easily  torn  asunder  by  its  claws.  Such  moths  or 
■nrelias  are  collected  and  placed  upon  a  piece  of  soft  cloth,  where  they  couple  and  lay 
their  eggs. 

The  e^^Bf  or  grains,  as  they  are  usually  termed,  are  enveloped  in  a  liquid  which 
causes  them  to  adhere  to  the  piece  of  cloth  or  paper  on  which  the  female  lays  them. 
From  this  glue  they  are  readily  freed,  by  dipping  them  in  cold  water,  and  wiping  them 
dry.  They  are  best  preserved  in  the  ovum  state  at  a  temperature  of  about  55°  F.  If 
the  heat  of  spring  advances  rapidly  in  April,  it  must  not  be  suffered  to  act  on  the  eggs, 
otherwise  it  mii^ht  hatch  the  caterpillars  long  before  the  mulberry  has  sent  forth  its  leaves 
to  nourish  them.  Another  renson  for  keeping  back  their  incubation  is,  that  they  may  be 
hatehed  together  in  large  broods,  and  not  by  small  numbers  in  succession.  The  eggs 
■fc  made  up  into  small  packets,  of  an  ounce,  or  somewhat  more,  which  in  the  south  of 
France  are  generally  attached  to  the  girdles  of  the  women  during  the  day,  and  placed 
uder  their  pillows  at  night.  They  are,  of  course,  carefully  examined  from  time  to  time. 
In  laree  establishments,  they  are  placed  in  an  appropriate  stove-room,  where  they  are 
exposed  to  a  temperature  irradually  increased  till  it  reaches  the  86th  degree  of  Fahren- 
heit's scale,  which  term  it  must  not  exceed.  Aided  by  this  heat,  nature  completes  her 
mysterious  work  of  incubation  in  ei^ht  or  ten  days.  The  tcemins;  escs  are  now  covered 
with  a  sheet  of  paper  pierced  with  numerous  holes,  about  one  twelfth  of  an  inch  in 
diameter.  Through  these  ai>crlures  the  new-hatched  worms  creep  upwards  instinctively, 
to  ret  at  the  tender  mulberry  leaves  streweil  over  the  paper. 

The  nursery  where  the  worms  are  reared  is  called  by  the  French  a  magnani^rc ;  it 
onght  to  be  a  well-aired  chamber,  free  from  damp,  excess  of  cold  or  heat,  rats,  and  other 
termin.  It  should  be  ventilated  occasionally,  to  purify  the  atmosphere  from  the 
noisome  emanations  produced  by  the  excrements  of  the  caterpillars  and  the  decayed 
leaves.  The  scnflblding  of  the  wicker-work  shelves  should  be  substantial ;  and  they 
■hoald  be  from  15  to  18  inches  apart.  A  sepamte  small  apartment  should  be  allotted 
Id  the  sickly  worms.  Immediately  before  each  moulting,  the  appetite  of  the  worms 
begins  to  flag ;  it  ceases  altogether  at  that  period  of  cutaneous  metamorphosis,  but 
rerives  speedily  after  the  skin  is  fairly  cast,  because  the  internal  parts  of  the 
nimal  are  thereby  allowed  freely  to  develop  themselves.  At  the  end  of  the  second 
the  worms  are  half  an  inch  lone ;  and  then  should  be  transferred  from  the  small 
ia  which  they  were  first  hatched,  into  the  proper  apartment  where  they  are  to 
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be  brought  to  maturity  and  set  to  spin  their  balls.  On  occasioii  of  dwngiiig  thor 
abode,  they  must  be  well  cleansed  from  the  litter,  laid  upon  beds  of  fresh  leaves,  ud 
supplied  with  an  abundance  of  food  every  six  hours  in  succession.  In  shifting  their 
bed,  a  piece  of  network  being  laid  over  the  wicker  plates,  and  covered  with  leaves,  the 
worms -will  creep  up  over  them ;  when  they  may  be  transferred  in  a  body  upon  the  net 
The  litter,  as  well  as  the  sickly  worms,  may  thus  be  readily  removed,  without  handliag 
a  single  healthy  one.  After  the  third  age,  they  may  be  fed  with  entire  leaves ;  became 
they  are  now  exceedingly  voracious,  and  must  not  be  subsequently  stinted  in  their 
diet.  The  exposure  of  chloride  of  lime,  spread  thin  upon  plates,  to  the  air  of  the 
magtutnihty  has  been  found  useful  in  counteracting  the  tendency  which  sometimes  ap- 
pears of  an  epidemic  disease  among  the  silkworms,  from  the  fetid  exhalations  of  the  detd 
and  dying. 

When  they  have  ceased  to  eat,  either  in  the  fourth  or  fifth  age,  agreeably  to  the  varielj 
of  the  bombyx,  and  when  they  display  the  spinning  instinct  by  crawling  up  among  the 
twigs  of  heath,  Ace,  they  are  not  long  of  beginning  to  construct  their  cocoons,  by'throv- 
ing  the  thread  in  different  directions,  so  as  to  form  the  fioss,  filoselle,  or  outer  open  net- 
work, which  constitutes  the  6ottrre  or  silk  for  carding  and  spinning. 

The  cocoons  destined  for  filature,  must  not  be  allowed  to  remain  for  many  days  with 
the  worms  alive  within  them ;  for  should  the  chrysalis  have  leisure  to  grow  mature  or 
come  out,  the  filaments  at  one  end  would  be  cut  through,  and  thus  lose  almost  all  their 
value.  It  is  therefore  necessary  to  extinguish  the  life  of  the  animal  by  heat,  whieh  ii 
done  either  by  exposing  the  cocoons  for  a  few  days  to  sunshine,  by  placing  them  in  a  hoi 
oven,  or  in  the  steam  of  boiling  water.  A  heat  of  202^  F.  is  sufficient  for  effecting  thii 
purpose,  and  it  may  be  best  administered  by  plunging  tin  cases  filled  with  the  cocoow 
into  water  heated  to  that  pitch. 

80  pounds  French  (88  Eng.)  of  cocoons,  are  the  average  produee  fltun  one  ounce  of 
eggs,  or  100  from  one  ounce  and  a  quarter ;  but  M.  Folzer  of  Alsaee  obtained  no  Urn 
than  165  pounds.  The  silk  obtained  from  a  cocoon  is  from  750  to  1 150  feet  long.  The 
varnish  by  which  the  coils  are  glued  slightly  together,  is  soluble  in  warm  water. 

The  silk  husbandry,  as  it  may  be  called,  is  completed  in  France  within  six  weeks  fioB 
the  end  of  April,  and  thus  affords  the  most  rapid  of  agricultural  returns,  requiring  nerellf 
the  advance  of  a  little  capital  for  the  purchase  of  the  leaf.  In  buying  up  cocooai^  ail 
in  the  filature,  indeed,  capital  may  be  qften  laid  out  to  great  advantage.  The  DOrt 
hazardous  period  in  the  process  of  breeding  the  worms,  is  at  the  third  and  fourth  mooltisg} 
for  upon  the  sixth  day  of  the  third  age,  and  the  seventh  day  of  the  fourth,  they  in  geaciil 
eat  nothing  at  all.  On  the  first  day  of  the  fourth  age,  the  worms  proceeding  fronoae 
ounce  of  eggs  will,  according  to  Bonafons,  consume  upon  an  average  twenty-three  poosdi 
and  a  quarter  of  mulberry  leaves ;  on  the  first  of  the  fifth  age,  they  will  consume  forty- 
two  pounds ;  and  on  the  sixth  day  of  the  same  age,  they  acquire  their  maximum  TOia- 
city,  devouring  no  less  than  223  pounds.  From  this  date  their  appetite  continaallf  d^ 
creases,  till  on  the  tenth  day  of  this  age  they  consume  only  fifty-six  pounds.  The  space 
which  they  occupy  ui>on  the  wicker  tables,  beinu  at  their  birth  only  nine  feet  eqoarr, 
becomes  eventually  239  feet.  In  general,  the  more  food  they  consume,  the  more  silk  vill 
they  produce. 

A  mulberry-tree  is  valued,  in  Provence,  at  from  6d,  to  lOd.;  it  is  planted  oat  cf  the 
nursery  at  four  years  of  age ;  it  is  begun  to  be  stripped  in  the  fifth  year,  and  affords  u 
increasing  crop  of  leaves  till  the  twentieth.  It  yields  fiom  1  cwt.  to  30  cwts.  of  Icavci, 
according  to  its  magnitude  and  mode  of  cultivation.  One  ounce  of  silkworm  egp  '» 
worth  in  France  about  2)  francs ;  it  requires  for  its  due  development  into  cocoons  about 
15  cwts.  of  mulberr>-  leaves,  which  cost  upon  an  average  3  francs  per  cwt.  in  a  favortWe 
season.  One  ounce  of  eggs  is  calculated,  as  I  have  said,  to  produce  from  80  to  100 
pounds  of  cocoons,  of  the  value  of  1  fr.  52  centimes  per  pound,  or  125  francs  in  whole. 
About  8  pounds  of  reeled  raw  silk,  worth  18  francs  a  pound,  are  obtained  from  these 
100  pounds  of  cocoons. 

There  are  three  denominations  of  raw  silk ;  viz.,  organzine,  trafM  (shute  or  tram),  sod 
floss.  Organzine  serves  for  the  warp  of  the  best  silk  stuffs,  and  is  considerably  twisted ; 
tram  is  made  usually  from  inferior  silk,  and  is  very  slightly  twisted,  in  order  that  it  vy 
spread  more,  and  cover  better  in  the  weft ;  floss,  or  bourre,  consists  of  the  shorter  broken 
silk,  which  is  carded  and  spun  like  cotton.  Organzine  and  trame  may  contain  fiom  3 
to  30  twin  filaments  of  the  worm ;  the  former  possesses  a  double  twist,  the  compOBCOt 
filaments  being  first  twisted  in  one  direction,  and  the  compound  thread  in  the  opposite; 
the  latter  receives  merely  a  slender  single  twist.  Each  twin  filament  gradually  diiuB- 
ishes  in  thickness  and  strength,  ftom  the  surface  of  the  eocoon,  where  the  aaiiBil 
begins  its  work  in  a  state  of  vigor,  to  the  centre,  where  it  finishes  it,  in  a  state  of  d^ 
bility  and  exhaustion ;  because  it  can  receive  no  food  from  the  moment  of  its  beginBisf 
to  spin  by  spouting  forth  its  silky  substance.  The  winder  is  attentive  to  this  progrcMiw 
ftttenoation^  and  introdacei  the  commencement  of  some  cocoons  to  eoDpennle  km  tkc 
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terminatloD  of  others.  The  quality  of  raw  silk  depends,  therefore,  very  much  upon  the 
■kill  and  care  bestowed  upon  its  filature.  The  softest  and  purest  water  should  be  used 
iQ  the  cocoon  kettle. 

The  quality  of  the  raw  silk  is  determined  by  first  winding  off  400  ells  of  it,  equal  to 
476  metres,  round  a  drum  one  ell  in  circuxnference,  and  then  weighing  that  length. 
The  weight  is  expressed  in  grains,  24  of  which  constitute  one  denier ;  24  deniers  con- 
stitute one  ounce;  and  16  ounces  make  one  pound,  poids  de  marc.  This  is  the  Lyons 
rule  for  valuing  silk.  The  weight  of  a  thread  of  raw  silk  400  ells  long,  is  two  grains  and 
A  half,  when  five  twin  filaments  have  been  reeled  and  associated  together. 

Raw  silk  is  so  absorbent  of  moisture,  that  it  may  be  increased  ten  per  cent,  in  weight 
by  this  means.  This  property  has  led  to  falsifications;  which  arc  detected  by  enclosing 
weighed  portions  of  the  suspected  silk  in  a  wire-cloth  cage,  and  exposing  it  to  a  stove-heat 
of  about  IBP  F.  for  24  hours,  with  a  current  of  air.  The  loss  of  weight  which  it  thereby 
undergoes,  demonstrates  the  amount  of  the  fraud.  There  is  an  office  in  Lyons  called 
the  Condiiion,  where  this  assay  is  made,  and  by  the  report  of  which  the  silk  is  bought 
and  sold.  The  law  in  France  requires,  that  all  the  silk  tried  by  the  Condition  must  be 
worked  up  into  fabrics  in  that  country. 

In  the  Journal  of  the  Asiatic  Society  of  Bengal,  for  January,  1837,  there  are  two 
▼ery  valuable  papers  upon  silkworms ;  the  first,  upon  those  of  Assam,  by  Mr.  Thomas 
Hugon,  stationed  at  Nowgong ;  the  second  by  Dr.  Heifer,  upon  those  which  are  indi- 
genous to  India.  Besides  the  Bombyx  moriy  the  Doctor  enumerates  the  following 
•even  species,  formerly  unknown  :  —  1.  The  wild  silkworm  of  the  central  provinces,  a 
moth  not  larger  than  the  Bombyx  mori,  2.  The  Joree  silkworm  of  Assam,  Bombux, 
ftligiosa,  which  spins  a  cocoon  of  a  fine  filament,  with  much  lustre.  It  lives  upon  the 
pipul  tree  (Ficus  ne/tguwa),  which  abounds  in  India,  and  ought  therefore  to  be  turned 
lo  account  in  breeding  this  valuable  moth.  3.  ScUumia  tWutica^  which  inhabits  the 
cassia  mountains  in  Silhet  and  Dacca,  where  its  large  cocoons  are  spun  into  silk* 

4.  A  still  larger  Satumia,  one  of  the  greatest  moths  in  existence,  measuring  ten  inehet 
from  the  one  end  of  the  wing  to  the  other ;  observed  by  Mr.  Grant,  in  Chirra  punjee^ 

5.  Satumia  paphia^  or  the  Tusseh  silkworm,  is  the  most  common  of  the  native  species, 
mad  furnishes  the  cloth  usually  worn  by  Europeans  in  India.  It  has  not  hitherto  been 
domesticated,  but  millions  of  its  cocoons  are  annually  collected  in  the  jungles,  and 
bruught  to  the  silk  factories  near  Calcutta  and  Bhagelpur.  It  feeds  most  commonly 
on  the  hair-tree  {Zizyj^ua  jujuba"),  but  it  prefers  the  Ttrmvnalia  alaia,  or  Assam  tree, 
and  the  Bombax  hepiaphyllum.  It  is  called  Koutkuri  mooga,  in  Assam.  6.  Another 
Saturniay  from  the  neighborhood  of  Comercolly.  7.  Satumia  anametui*,  with  a  cocoon 
of  a  yellow-brown  color,  different  from  all  others,  caUed  mooga^  in  Assam ;  which, 
although  it  can  be  reared  in  houses,  thrives  best  in  the  open  air  upon  trees,  of  which 
•even  different  kinds  aflford  it  food.  The  Mazankoory  moogay  which  feeds  on  the  Ada- 
kooTf  tree,  produces  a  fine  silk,  which  is  nearly  white,  and  fetches  50  per  cent,  more 
than  the  fawn- colored.  The  trees  of  the  first  year's  growth  produce  by  far  the  moat 
valuable  cocoons.  The  mooga  which  inhabits  the  soom-tree,  is  found  principally  in  the 
Ibrests  of  the  plains,  and  in  the  villages.  The  tree  grows  to  a  large  size,  and  yields 
three  crops  of  leaves  in  the  year.  The  silk  is  of  a  light  fawn  color,  and  ranks  next 
in  value  to  the  Mazankoory.  There  are  eenerally  five  breeds  of  mooga  worms  in  the 
year ;  1.  in  January  and  February ;  2.  in  May  and  June ;  3.  in  June  and  July;  4.  in 
August  and  September ;  5.  in  October  and  November  ;  the  first  and  last  being  the  most 
valuable.  • 

I'he  Assamese  select  for  breeding,  such  cocoons  only  as  have  been  begnn  to  be 
formed  in  the  largest  number  on  the  same  day,  usually  the  second  or  third  after  the 
commencement ;  those  which  contain  males  being  distinguishable  by  a  more .  pointed 
end.  They  are  put  in  a  closed  basket  suspended  from  the  roof;  the  moths,  as  they 
come  forth,  having  room  to  move  about,  afler  a  day,  the  females  (known  only  by  their 
Urge  body)  are  taken  out,  and  tied  to  small  wisps  of  thatching-straw,  selected  always 
from  over  the  hearth,  its  darkened  color  being  thought  more  acceptable  to  the  insect. 
If  out  of  a  batchj  there  should  be  but  few  males,  the  wisps  with  the  females  tied  to 
them  are  exposed  outside  at  night ;  and  the  males  thrown  away  in  the  neighborhood 
find  their  way  to  them.  These  wisps  are  hung  upon  a  string  tied  across  the  roof,  to 
keep  them  from  vermin.  The  eggs  laid  aAer  the  first  three  days  are  said  to  produce 
weak  worms.  The  wisps  are  taken  out  morning  and  evening,  and  exposed  to  the  sun- 
shine, and  in  ten  days  after  being  laid,  a  few  of  them  are  hatched,  llie  wisps  being 
then  hung  up  to  the  tree,  the  young  worms  find  their  way  to  the  leaves.  The  ants, 
whose  bite  is  fatal  to  the  worm  in  its  early  stages,  are  destroyed  by  rubbing  the  trunk 
of  the  tree  with  molasses,  and  tying  dead  fish  and  toads  to  it,  to  attract  these  rapacious 
insects  in  large  numbers,  when  they  are  destroyed  with  fire ;  a  process  which  needs  to  be 
repeated  several  times.  The  ground  under  the  trees  is  also  well  Cleared,  to  render  it  easy 
to  pick  up  and  replace  the  worms  which  fall  down.    They  are  prevented  from  coming  to 
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the  groimd  bj  tying  fresh  plantain-leaves  round  the  trunk,  over  whose  slipperj  njtmt 
they  cannot  crawl ;  and  they  are  transferred  from  exhausted  trees  to  fresh  ones,  on  bai^ 
boo  platters  tied  to  long  poles.  The  worms  reqaire  to  be  constantly  watched  and  pro- 
tected from  the  depredations  of  both  day  and  night  birds,  as  well  as  rats  and  other  TenuB. 
During  their  moultings,  they  remain  on  the  branches ;  but  when  about  beginning  to  spin, 
they  come  down  the  trunk,  and  being  stopped  by  the  plantain-leares,  are  there  collected 
in  baskets,  which  are  afterwards  put  under  bunches  of  dfy  leaves,  suspended  from  the 
roof,  into  which  the  worms  crawl,  and  form  their  cocoons — severid  being  dnstered  to* 
gether :  this  accident,  due  to  the  practice  of  crowding  the  worms  together,  which  is  moit 
injudicious,  rendering  it  impossible  to  wind  off  their  silk  in  continuous  threads,  as  in  the 
filatures  of  Italy,  France,  and  even  Bengal.  The  silk  is,  therefore,  spun  like  flax,  instetd 
of  being  unwound  in  single  filaments.  Alter  four  days  the  proper  eoeoons  are  selected 
for  the  next  breed,  and  the  rest  are  uncoiled.  The  total  duration  of  a  breed  varies  from 
60  to  70  days ;  divided  into  the  following  periods :  — 

Four  moultings,  with  one  day's  illness  attending  each  -       ->        ->       20 

From  fourth  moulting  to  beginning  of  cocoon  -  -        -        -        10 

Inthecocoon^O,  asamothO,  hatchingofeggs  10  ...       36 
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On  being  tapped  with  the  finger,  the  body  renders  a  hollow  sound ;  the  quality  of  whkh 
shows  whether  they  have  come  down  for  want  of  leaves  on  the  tree^or  from  their  haviic 
ceased  feeding. 

As  the  chrysalis  is  not  soon  killed  by  exposure  to  the  sun^  the  cocoons  are  pot  at 
stages,  eovered  up  with  leaves,  and  exposed  to  the  hot  air  from  grass  burned  under  thea; 
they  are  next  boiled  for  about  an  hour  in  a  solution  of  the  potash,  made  from  inctnaatci 
rice-stalks ;  then  taken  out,  and  laid  on  cloth  folded  over  them  to  keep  them  wiiBi 
The  floss  being  removed  by  hand,  they  are  then  thrown  into  a  basin  of  hot  water  ts  he 
unwound ;  which  is  done  in  a  very  rude  and  wasteful  way. 

The  plantations  for  the  mooga  silkworm  in  Lower  Assam,  amount  to  5000  ueres,  beato 
what  the  forests  contain ;  and  yield  1500  maunds  of  84  lbs.  each  per  annum.  Upper 
Assam  is  more  productive. 

The  cocoon  of  the  KotUkuri  mooga  is  of  the  size  of  a  fowl's  egg.  It  is  a  wild  tp&kM, 
and  aflfords  filaments  much  valued  for  fishing-lines.    See  SiLXwoaM  Gut. 

8.  The  Jhrindyf  or  Eria  worm,  and  moth,  is  reared  over  a  great  part  of  Si> 
dostan,  but  entirely  within  doors.  It  is  fed  principally  on  the  HerOy  or  Pdm 
diritti  leaves,  and  gives  sometimes  12  broods  of  spun  silk  in  the  course  of  a  year.  It 
aflTords  a  fibre  which  looks  rough  at  first ;  but  when  woven,  becomes  soA  and  ttflrj, 
alter  repeated  washings.  The  poorest  people  are  clothed  with  stuflf  made  of  it,  which  ii 
so  durable  as  to  descend  from  mother  to  daughter.  The  cocoons  are  put  in  a  ckted 
basket,  and  hung  up  in  the  house,  out  of  reach  of  rats  and  insects.  When  theiDOthi 
come  forth,  they  are  allowed  to  move  about  in  the  basket  for  twenty-four  hours;  iftcr 
which  the  females  are  tied  to  long  reeds  or  canes,  twenty  or  twenty-five  to  each,  sod 
these  are  hung  up  in  the  house.  The  eggs  that  are  laid  the  first  three  days,  amoaBlii? 
to  about  200,  alone  are  kept ;  they  are  tied  up  in  a  cloth,  and  suspended  to  the  nd 
till  a  few  begin  to  hatch.  These  eggs  are  white,  and  of  the  size  of  turnip-seed,  lita 
a  few  of  the  worms  are  hatched,  the  cloths  are  put  on  small  bamboo  platters  hung  ip  i> 
the  houje,  in  which  they  are  fed  with  tender  leaves.  After  the  second  n)^ii]tia(!f 
they  are  removed  to  bunches  of  leaves  suspended  above  the  ground,  beneath  which  • 
mat  is  laid  to  receive  them  when  they  fall.  When  they  cease  to  feed,  they  are  thnm 
into  baskets  full  of  dry  leaves,  among  which  they  form  their  cocoons,  two  or  three 
being  often  found  jomed  together.  Upon  this  injudicious  practice  I  have  ahcdy 
animadverted. 

9.  The  Saiurnia  trifenestrata  has  a  yellow  cocoon  of  a  remarkably  silky  lustre.  It  liw» 
on  the  soom-tree  in  Assam,  hut  seems  not  to  be  much  used. 

The  mechanism  of  the  silk  filature,  as  lately  improved  in  Franee,  is  very  ingeaio* 
Figt,  973  and  974  exhibit  it  in  plan  and  longitudinal  view,  a  is  an  oblong  C(9pcr 
basin  containing  water  heated  by  a  stove  or  by  steam.  It  is  usually  divided  by  XnngftOt 
partitions  into  several  compartments,  contain in/jr  20  cocoons,  of  which  there  are  5  is 
one  group,  as  shown  in  the  figure.  6,  6,  are  wires  with  hooks  or  eyelets  at  their  adi» 
through  which  the  filaments  run,  apart,  and  are  kept  from  ravelling,  c,  r,  the  points 
where  the  filaments  cross  and  rub  each  other,  on  purpose  to  clean  their  surfaces,  if  ii 
a  spiral  groove,  working  upon  a  pin  point,  to  give  the  traverse  motion  alternately  to 
right  and  left,  whereby  the  thread  is  spread  evenly  over  the  surface  of  the  reel  «.  f^,  sre 
the  pulleys,  which  by  nyans  of  cords  transmit  the  rotatory  movement  of  the  cylinder  i, 
to  the  reel  c.    g,  is  a  friction  lever  or  tumbler,  for  lightening  or  dadcenlng  the  endleii 
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cord,  in  the  act  of  stutiBg  or  slopping  the  winding  operaUon.  ETcry  apartment  of  a 
large  tUature  contains  usaaUy  a  series  of  such  reels  as  the  above,  all  driven  by  one  prime 
BKnrer;   each  of  which,  however,  may  by  means  of  ihe  tumbling  lever  be  stopped  at 
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pleasure.  The  reeler  is  careful  to  remove  any  slight  adhesions,  by  the  application  of  a 
brush  in  the  progresa  of  her  work. 

The  expense  of  reeling  the  excellent  Cevennes  silk  is  only  3  francs  and  50  centimes 
per  Alais  pound ;  from  4  to  5  cocoons  going  to  one  thread.  That  pound  is  92  hun- 
dredths of  our  avoirdupois  pound.  In  Italy,  the  cost  of  reeling  silk  is  much  higher, 
being  7  Italian  livres  per  pound,  when  3  to  4  cocoons  go  to  the  formation  of  one 
thread ;  and  6  livres  when  there  are  from  4  to  5  cocoons.  The  first  of  these  raw  silks 
will  have  a  litre  of  20  to  24  deniers ;  the  last,  of  24  to  28.  If  5  to  6  cocoons  go  to 
one  thread,  the  tilre  will  be  from  26  to  32  deniers,  according  to  the  quality  of  the  co- 
coons. The  Italian  livre  is  worth  Hd,  English.  The  woman  employed  at  the  kettle 
receives  one  Uvre  and  five  sous  per  day ;  and  the  girl  who  turns  the  reel,  gets  thirteen 
•ous  a  day  ;  both  receiving  board  and  lodging  in  addition.  In  June,  July,  and  August, 
they  work  16  hours  a  day,  and  then  they  wind  a  rnbo  or  ten  pounds  weight  of  cocoons, 
which  yield  from  l-5th  to  l-6th  of  silk,  when  the  quality  is  good.  The  whole  expenses 
•mount  to  from  6  to  7  livres  upon  every  ten  pounds  of  cocoons ;  which  is  about  2t,  9d. 
per  English  pound  of  raw  silk. 

The  raw  silk,  as  imported  into  this  country  in  hanks  from  the  filatures,  requires  to  be 
regularly  wound  upon  bobbins,  doubled,  twisted,  and  reeled  in  our  silk-mills.  These  pro- 
cesses are  called  throwing  silk,  and  their  proprietors  are  called  silk  tkrowittrt ;  terms  pro- 
bably derived  from  the  appearance  of  swinging  or  tossing  which  the  silk  threads  exhibit 
during  their  rapid  movements  among  the  machinery  of  the  mills. 

A  representation  of  a  French  mill  for  throwing  silk,  is  given  in  the  Dictitmnain 
Techitohgigue,  under  the  article  Moulinagt  de  Soie.  But  it  is  a  most  awkward,  operose, 
and  defective  piece  of  machinery,  quite  unworthy  of  being  presented  to  my  readers. 
It  was  in  Manchester  that  throwing-mills  received  the  grand  improvement  upon  the 
ancient  Italian  plan,  which  had  been  originally  introduced  into  this  country  by  Sir  Thomas 
Lombe,  and  erected  at  Derby.  That  improvement  is  chiefly  due  to  the  eminent  factory 
engineers,  Messrs.  Fairbairn  and  LiIlie,who  transferred  to  silk  the  elegant  mechanism  of 
the  throstle,  so  well  known  in  the  cotton  trade.  Still,  throughout  the  silk  districts  of 
France,  the  throwing  mills  are  generally  small,  not  many  of  them  turning  off  more  than 
1000  pounds  of  organzine  per  annum,  and  not  in\'olvtn!?  5000/.  of  capital.  The  average 
price  of  throwing  organzine  in  that  country,  where  the  throwster  is  not  answerable  for 
loss,  is  7  francs ;  of  throwing  trame,  from  4  fr.  to  5  fr.  (per  kilogramme  ?)  Whore  the 
throwster  is  accountable  for  loss,  the  price  is  from  10  fr.  to  11  fr.  for  organzine,  and  A^m 
6  to  7  for  trame.  In  Italy,  throwing  adds  3«.  9d.  to  the  price  of  raw  silk,  upon  an  average. 
I  should  imagine,  from  the  perfection  and  speed  of  the  silk-throwlni;  machinery  in  this 
country,  as  about  to  be  described,  that  the  cost  of  converting  a  pound  of  raw  silk  either  into 
organzine  or  /rafn«  must  be  considerably  under  any  of  the  above  sums. 

8ILK-THBOWINO  MILL. 

The  first  process  to  which  the  silk  is  subjected,  is  winding  the  skeins,  as  imported,  off 
upon  bobbins.  The  mechanism  which  effects  this  winding  off  and  on,  is  technically 
called  the  engtiM,  or  swiA.    The  bobbins  to  which  the  silk  is  transferred,  are  wooden 
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t,  u  irell  u  the  table  between  them,  t> 
mechanijiii  are  attached.  The  skein*  are  put  npon  these  leeli,  fl-ODi  wbich  Ika  nlk  ii 
graduallf  uniround  b;  the  Iraciion  of  the  rcTolTing  bobbini.  One  pnncipal  otfect  at 
atteatior,  is  lo  diiiribuie  ihe  thread  orer  the  length  of  the  bobbin-CTlindet  in  *  aiinl 
n  oblique  direclion,  to  thai  the  end  of  the  ilender  lemi-lraiuparent  thread  Biaf  ti 
readily  TduhJ  when  it  breakB.  As  the  bobbins  revoWe  with  unifbrm'Teloeilf ,  ihey  woall 
loon  wind  on  loo  fast,  were  their  diameters  >o  tmall  at  first  m  to  bcfsme  grealtj 
thicker  when  thef  are  filled.  They  are  therefore  made  laif  e,  are  not  eorered  thick,  btf 
ate  frequently  changed.  The  motion  is  eommnniealed  to  that  end  of  the  cagiae  ahawBll 
the  figure. 

The  wooden  table  a,  shown  here  in  erosi  teetion,  is  somelinies  of  great  length,  ex- 
tending 20  feet,  or  more,  aecordinR  lo  the  size  of  Ihe  apartmeDt.  Upon  this  the  ibdal 
are  laid  out.  Il  is  lapporled  bf  the  two  Blrong  slanting  legs  b,  b,  to  which  the  bealiagi 
of  the  li^hl  reel  c  are  made  fast.  These  reels  are  ealled  tmftt,  apparently  bT  the  aBHl 
etymological  casuislrjr  ag  lucui  d  non  tucendo ;  Cat  Ihey  turn  with  Tclnctant  and  iii»i 
gular  slowness )  yei  they  do  their  work  much  quicker  than  any  of  the  old  appaiala^ 
and  in  Ihis  respect  may  deserve  tbeir  name.  At  every  eighth  or  tenth  leg  there  ii  a 
projecting  horizoatal  piece  n,  which  carries  at  its  end  another  horizontal  bar  a,  called  Iht 
knee  rail,  at  right  angles  lo  the  former.  This  protects  the  slender  reel*  or  swifts  froB  thi 
knees  of  the  operatives. 

These  swiAs  have  a  sirong  wooden  shad  b,  with  an  iron  axis  passing  lonpntudioaDf 
throagh  il,  ronnd  which  Ihey  revolve,  in  brass  bearings  fixed  near  to  the  middle  of  tha 
legs  B.  Upon  Ihe  middle  of  the  shaft  b,  b  loose  ring  is  hong,  shown  under  e,  in  fig.  97^ 
to  which  a  light  weight  d,  is  suspended,  for  imparting  friction  to  the  reel,  and  Ihaa  pra- 
venling  il  from  taming  ronnd,  unless  it  be  drawn  wilh  a  gentle  force,  sachaa  the  tradial 
of  the  thread  in  the  act  of  winding  upon  the  bobbin. 

Fig,  796  is  a  front  view  of  the  engine,  a,  a,  are  Ihe  legs,  placed  at  tbeir  appnipriata 
distances  (scale  I|  inch  to  the  foot)  ;  c,  c,  are  the  swids.  By  comparing  figt.  075  aad 
SfJS,  the  structure  of  the  swilts  will  be  fully  understood.  From  Ihe  wnoden  shaft  b, 
iii  slender  wooden  (or  iron)  spokes  (,  t,  proceed,  at  eqnal  angles  to  each  other;  whidt 
are  bound  together  by  a  cord  /,  near  their  free  cndp,  upon  the  tnnsrerae  line  /  of 
which  cord,  Ihe  silk  thread  is  wound,  in  a  hexagonal  fonnj  due  tension  being  giroi 
to  the  circamferential  cards,  by  sliding  them  oat  from  the  centre.    Slender  wooden  radi 
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■f  Ika  IWD  horinnul  iliafti,  pUeed  upon  each  tide  of  the  fgiM,  to  wMdi  us  affizad 


ft  ttttuber  of  iJKhl  irod  pollefi  g,  g  (showa  on  x  doable  seale  in  Jig.  977.    <TheM  MiTCy 
bf  rrietioD,  to  drive  the  bobbin*  which  reil  upon  ibeir  peripberiea. 

Toibe  (able  a,  fig,  975,  in  icrewed  tbe  liKhl  cut-iron  tlot-beuingt  i,  i, -wberew 
tlw  horuoatal  ipindles  or  skeweis  rcM,  upon  which  the  bobbins  revolve.  The  spindles 
(pae  r,  fig.  SSI)  carry  apon  one  end  a  little  wooden  puUejr  A,  wherebj  thej  pieuand 
molve  npon  the  luger  dciving  pulleya  g,  of  (be  ihaft  e.  Theie  pnlleyi  are  called 
^mn  bf  our  workmen.  The  other  ends  of  the  apindles,  or  ikewen,  are  cat  into  icrewi, 
br  mttaetaing  the  swivel  nnti  >  Ifig.  961),  by  wbtdi  Ibe  bobbini  k,  k,  are  made  fa«t  «» 
their  reipectiTe  (pindle*. 
Beiidei  the  aloti,  above  d»- 
•cribed,  ia  which  the  ipii^ 
dlea  reu  when  ibsir  rrictioM 
palle]'"  A,  are  in  contact 
with  Ibe  moving  (tan  g, 
there  is  another  set  of  ilota 
in  the  bearingi,  into  whick 
the  end*  of  (be  ipindlei  may 


a  be  above  tba  ling  of  ca>> 
laet  of  the  mbUn;  peiipherr  <d'  the  atar  g,  m  eaae  the  thre«d  of  say  bobbin  break*.  Whe»- 
ever  the  girl  haa  mended  the  thread,  «he  teplneet  the  boUin-spiadle  in  its  deeper  •lQl-be«ii> 
in^f,  thereby  bringing 
ita  pnllej  once  more  into 
contMt  wilb  the  ilar, 
and  causing  it  to  revolve. 
o  i«  a  long  ruler  or 
bar  of  wood,  which  i« 
■npported  upon  ereij 
eighth  or  tweldfa  Its  a, 
a.  (TbeGgorebeiDg,foi 
convenience  of  the  page, 
eontracled  ia  IcagUl, 
•how*  it  Bt  every  aiith 
leg.)  To  the  edg* 
of  that  bar  the  laooth 
whioh  tba   thread*  glide  fton  the  tmitli,  h 


I   k,  are   made  feat, 
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their  way  to  the  bobbins,  h  is  the  guide  bar,  which  hat  a  tHaw  trmi 
tion,  sliding  in  slots  at  the  top  of  the  legs  b,  where  thejr  tappoit  the  ban  o.  Upoalli 
guide  bar  h,  the  guide  pieces  /,  /,  are  made  fast.  These  eonsist  of  two  nairrow,  thB,% 
right  plates  of  iron,  placed  endwise  together,  their  eontiguoot  edges  being  aoiooih,  pant* 
le],  and  capable  of  approximation  to  any  degree  by  a  screw,  ao  as  to  increase  or  dimul 
at  pleasure  the  ordinary  width  of  the  vertical  slit  that  separates  them.  Thioagh  thii  ifii 
the  silk  thread  must  pass,  and,  if  rough  or  knotty,  will  be  either  cleaned  or  brokei ;  is 
the  latter  case,  it  is  neatly  mended  by  the  attendant  girl. 

The  motions  of  the  various  parts  of  the  engtiM  are  given  as  foUowt.  Upon  the  tad  cf 
the  machine,  represented  in  fig,  975,  there  are  attached  to  the  shafts  m  ifig*  Sr76),ike 
bevel  wheels  1  and  2,  which  are  set  in  motion  by  the  bevel  wheels  3  and  4,  respectivdi. 
These  latter  wheels  are  fixed  upon  the  shaft  m,yig.  976.  m  is  mofwtd  by  the  maia  stcan 
shaft  which  runs  parallel  to  it,  and  at  the  same  height,  through  the  length  of  the  ofitt 
apartment,  so  as  to  drive  the  whole  range  of  the  machines.  5  is  a  loose  wheel  or  pilitjf 
upon  the  shaft  m,  working  in  gear  with  a  wheel  upon  the  stenm  shall,  and  whkh  nij 
be  connected  by  the  clutch  n,  through  the  hand  lever  or  gearing  lod  o  {fig*.  975  mi 
976),  when  the  engine  is  to  be  set  at  work.  6  is  a  spar  wheel  npoB  the  shaft  a^kf 
which  the  stud  wheel  7  is  driven,  in  order  to  give  the  traverM  motioa  to  the  guide  kir 
H.    This  wheel  is  represented,  with  its  appendages,  in  doable  size.  Jigs.  979  ui 

p,  secured  to  the  bracket  f •     In  an  eccentric  hok 


980,  with 
980 


stud 


of  the  same  boss,  another  stud  r,  revolves,  apa 
which  the  little  whed  «,  is  fixed.  This  whrd  i^ 
is  in  gear  with  a  pinion  cot  mpon  the  cad  nf 
the  fixed  stud  p ;  and  apon  it  is  screwed  tk 
little  crank  /,  whose  collar  is  connect^  by  tia 
rods  «  (figt.  975  and  976),  to  a  crosa  pfecc  t 
which  unites  the  two  arms  w^  that  are  ^lud  apsi 
the  guide  bar  R,  on  both  sides  of  the  nMcUsb 
By  the  revolution  of  wheel  7,  the  wheel  t  vill 
cause  the  pinion  of  the  fixed  slod  ji  to  na 
round.    If  that  wheel  bear  to  the  piaioa  ik 

Jiroportion  of  4  to  1,  then  the  wheel  t  will  make,  at  each  revolution  of  the  wheel  7,  mi 
burth  of  a  revolution ;  whereby  the  crank  /  will  also  rotate  throagh  one  foarth  of  a  tua, 
so  as  to  be  brought  nearer  to  the  centre  of  the  stud,  and  to  draw  the  guide  bar  ao  wsek 
less  to  one  side  of  its  mean  position.  At  the  next  revolution  of  wheel  7,  the  cnnk  t  viD 
move  thiough  another  quadrant,  and  come  still  nearer  to  the  central  position,  dra«ii| 
the  guide  bars  still  less  aside,  and  therefore  causing  the  bobbins  to  wind  on  more  threai 
in  their  middle  than  towards  their  ends.  The  contrary  efiect  would  enane^  were  the 
guide  bars  moved  by  a  single  or  simple  crank.  After  four  revolutions  of  the  wheel?, 
the  crank  /  will  stand  once  more  as  shown  in  fig,  980,  having  moved  the  bar  h  throafk 
the  whole  extent  of  its  traverse.  The  bobbins,  when  filled,  have  the  appearance  repre 
sen  ted  in  fig,  982 ;  the  thread  having  been  laid  on  them  all  the  time  in  diagonal  lines,  lo 
as  never  to  coincide  with  each  other. 

Doubling  is  the  next  operation  of  the  silk  throwster.  In  this  process,  the  threads  d 
two  or  three  of  the  bobbins,  filled  as  above,  are  wound  together  in  contact  npon  a  siagfc 
bobbin.  An  ingenious  device  is  here  employed  to  stop  the  winding-on  the  moment  tbtf 
one  of  these  parallel  threads  happens  to  break.  Instead  of  the  swifts  or  reels,  a  cicd  it 
here  mounted  for  receivins:  the  bobbins  from  the  former  machine,  two  or  three  beiag 
placed  in  one  line  over  each  other,  accordins^  as  the  threads  are  to  be  doubled  or  treUel 
Though  this  machine  is  in  many  respects  like  the  engine,  it  has  some  additional  paiti, 
whereby  the  bobbins  are  set  at  rest,  as  above  mention^,  when  one  of  the  doabling  threaii 
gets  broken. 

Fig,  983  is  an  end  view,  from  which  it  will  be  perceived  that  the  machine  ii^  like  the 
precedins:,  a  double  one,  with  two  working  sides. 

Fig.  984  is  a  front  view  of  a  considerable  portion  of  the  machine. 

Fig,  985  shows  part  of  a  cross  section,  to  explain  minutely  the  mode  of  winding  opoa  s 
single  bobbin. 

Fig,  986  is  the  plan  of  the  parts  shown  inyig.  985 ;  these  two.  figures  being  draws  lo 
double  the  scale  of  figs.  983  and  984. 

A,  A,  figs,  983  and  984,  are  the  end  frames,  connected  at  their  tops  by  a  wooden  stretcher, 
or  bar-beam,  a,  which  extends  through  the  whole  length  of  the  machine ;  this  bar  is  thowa 
also  in  figi,  985  and  986. 

B,  B,  are  the  creels  upon  each  side  of  the  machine,  or  bobbin  bearers,  resting  npos 
wooden  beams  or  boards,  made  fast  to  the  arms  or  brackets  c,  about  the  middle  of  tht 
frames  a. 

■    n,  D,  are  two  horizontal  iron  shafts,  which  pervade  the  whole  maehme,  and  cany  a 
teries  of  light  moveaUe  paUeya,  called  ttars,  e,  c,  {ftgt,  985, 986,)  which  serve  to  drive  tk 
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Ills 

ind  are  therefore  tarned 
\,  t,  upon  ipindtes,  a«  m 
Ibe  ailk  eofiine.  Be- 
■idn  (he  (bikII  fricliMi 
patley  or  bou,  d,  K«n 
best  in  fig.  986,  hj 
which  ihey  re«t  upon 
the  «Mr  irallejri  e,  e,  ■ 
Utile  ntcbet  wheel  /, 
Uatlaehedio  the  other 
end  of  eaeh  bobtHn. 
This  u  iIk  ihown  bf 
itieir»t/,in^f.9B7. 

The  ipiDdlei  with 
their  bobbing  rerolre 
in  two  ilot-beariift 
r,  T,  fig,  9B6,  acrewcd 
to  the  bar-bein  m, 
which  u  Kupported  b; 
two  or  three  interme- 
diate Dpright  framet, 
iDch  ai  A'.  The  ilot- 
bearingi  r,  have  aba 
a  aeeond  alot,  in  which 
the  tpindte    ' 


naking  the  thread  trarene  to  the  right  and  the  left,  Tor  hi  pntper  dlitribnlloa  ortr 
tbe  lurface  of  the  bobbin.  The  guide  bar  of  the  donbling  maehine  is  mored  with  ■ 
■lower  Iraveru  than  in  the  engine;  otherwiae,  in  conieqaence of  Ihe  diffrrent  obliqnitiei 
of  the  paths,  the  tingle  ihreadi  would  l>e  readily  broken.  k,h,  a  a  pairof  nnooth  rods  of 
iron  or  brmss,  pinced  pnmllel  to  each  of  the  two  aidei  of  the  machine,  and  made  fnl  to  tha 
•landards  h,  h,  whicti  are  acrewnl  lo  briickels  projecling  from  Ihr  frames  A,  a'.  Over  Lheae 
radt  the  tint  threads  glide,  in  their  pvntre  to  the  guide  wire*  g,  g,  and  the  bobbing  t,  b. 
I,  I,  i*  the  Itver  board  upon  each  side  of  the  machine,  upon  which  the  slight  bran 
bouingi  or  rulcrumi  i,  i,  one  for  each  bobbin  in  (he  erect,  are  made  l^tt.  This  board 
bean  the  baimict-lntT  k,  I,  with  the  /alltrt  n,  n,  n,  which  act  •■  deilerout  finger?,  and 
•top  the  bobbin  from  winding-on  the  instant  a  thresd  may  ehance  to  break.  The  leTen 
It,  I,  swin^  upon  B  fine  wire  uis,  which  panes  tbrongfa  their  propt  i,  i,  their  irmi  beinf 
•baped  teclangulnrly,  a)*bownatfr,Ji:',;!g.  S8d.  The  aiml,  being  heavier  than  Iheinnk, 
nalnrally rests  upon  Ihe  ridge  barm,  of  [he  lerer board  t.  «, ii,ii,  are  three  wiies,rei(ins 
■t  one  of  their  ends  npon  the  axis  of  the  fulcntm  <,>,  and  hafinft  each  of  their  other  hoolcM 
aadi  aiiipended  b/  one  of  Ihe  ailk  tlircadi,Bait  pMaaorcr  tbe  front  »teel  lodA.  aadoMkr 
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v.  Tliete  (Uler  wirtf,  or  Oop  tuftn,  an  gnided  tratf  ia  Ibdr  ap-n44o«n  uMiaM 
wilk  the  thnad,  br  ■  elcmner-plale  o,  having  ■  Tcrtiod  (lit  ia  iu  middle.  Hence,  whn- 
Vttt  WT  thiead  htppeni  lo  break,  to  iu  way  to  a  windin«-«a  bobbia  x,  the  *n  a, 
which  hang  by  ils  efdet  ai 
to  that  ifc^Tirf,  aa  it  paMd 
thiOB^  bMweea  the  (ted  nil 
in  the  liaa  of  ft,  h',  tklli  ■!> 
the  l^hler  am  of  the  balaMt 
lever  k,  I,  veigha  dears  ihtf 
■nn  k,  CMueqaentlr  jeib  ^ 
the  aim  f,  which  pi)«be(  ib% 
or  eod  iato  one  of  Ihe  thm 
notcbetof  the  ratchet  oectlii 
whcd/  Ifif.  gseaadMfx 
flicd  to  the  end  of  the  hMn. 
Hiat  it*  nolJon  ia  inilaataM- 
ooalj'  ■treated,  till  the  initka 
had  leiinni  to  mead  the  threap 
whea  the  again  bmitfi  op  tki 
faller  wire  a,  and  mtnm  tbi 
lever k,I,  U  it*  horiioatalpaa- 
tion.  ir,  meanirbile,  ihr  look  occaiion  to  remove  the  winding  bobbin  oot  oT  the  fok 
•lot-betring,  where  paileT  d  toaiAa  the  ilar  wheel  c,  into  the  right-hand  upper  ikl  J 
lapoee,  ^e  muil  now  ihift  it  into  it*  tlol  oTrotition. 

The  motioni  aie  given  to  the  doaUov 


the  thadi  B,  D,  bear  twaipurwbecbli 
2,  which  work  into  each  either.    To  Ibi 
wheel  I,  it  attaehod  the  bevel  whed  I, 


whole  length  of  Ihe  aputmeat,  and  aena^ 
therefore,  to  drive  a  whole  range  of  HB- 
ehinei.  The  whfcl  4  may  be  pal  id  |ar 
with  the  shad,  br  a  dutch  and  gw- 
handle,  M  in  Ihe  tilk  nguc,  and  Iherehr  it 
drivea  two  ahafU,  bf  the  one  tranHoiitiiC 
iu  movement  la  the  other. 
The  travene  molion  of  the  gnide  tara^ 
to  effected  ai  ToIIdwi  :  —  Upon  one  of  the  sbani  d,  there  ii  a  bevel  wheel  5,  driving  Ike 
bevd  wheel  6,  upra  Ihe  lop  of  Ihe  upriehl  than  p  ifig.  984,  lo  the  right  oTtk 
middle)  ;  whence  the  motion  is  IrBnumilled  to  the  horizonUl  (hatl  q,  below,  b]r  meaiu  tt 
the  bevel  wheela  T  and  8.  Upon  Ihi*  shall  f,  there  is  ■  hnrt-wheel  r,  workins  agaiatt 
a  roller  which  ii  Gied  lo  the  end  of  the  lerer  i,  who«e  rulcmm  i«  at  t,  fig.  983.  The 
other  end  of  Ihe  level  i,  is  connectnl  by  two  rods  (shown  bj  dotted  line*  in  Jtg.  Xt) 
to  a  brasi  piece  which  joins  the  srms  a  (fi/;,  9S4),  of  Ihe  aaide  ban  o.  To  Ihe  mm 
son  piece  ■  cord  is  allached,  which  goes  over  b  roller  v,  uad  snspcada  a  weight  is,  \ff 
means  of  which  the  level  i,  is  pressed  into  contact  with  the  hevrt-wheel  r.  The  foloiB 
t,  of  the  lever  I,  is  a  shall  which  is  turned  somewhat  eccentric,  and  hu  a  very  slow 
rolalory  molion.  Thns  the  taide  bar,  afler  each  traverae,  neceesnriljr  winds  the  liSk  » 
variable  lines,  to  the  side  of  the  precedini-  threads. 

Tbe  molion  is  Diven  lo  this  shall  in  Ihe  fallowing  way.  Upon  the  Tiia  liiwlil 
■hafl  q,  there  is  a  bevel  wheel  g  (figi.  9H3  and  984),  which  drives  the  wheel  10  npon 
tbe  ihan  X !  on  whose  upper  end,  the  worm  y  works  in  the  wheel  1 1,  made  last  (o  Ik* 
Mid  eeeenliie  shall  I ;  mund  which  the  lever  i  swings  or  oscillates,  causing  the  guide  ban 

Tht  ipinniKg  lUk-mill. — The  machine  which  twists  Ihe  silk  threads,  either  in  tbeii 
•ingle  or  doubled  stale,  is  called  the  spinning  mill.  When  the  law  singles  are  liist 
twisted  in  one  direction,  next  doubled,  and  then  twisted  together  in  theoppoaile  direetioB, 
aa  eieeedin^lf  wirr,  compact  thread,  is  produced,  called  orga^tM.  [n  the  ipiaDingmill, 
either  the  sineles  oi  the  doubled  silk,  while  being  unwoand  fitim  one  set  of  bobbins,  and 
woaad  upon  another  set,  is  subjected  lo  a  regular  twisting  operation  ;  in  which  pracen 
the  thread  U  conducted  a*  usual  through  guides,  and  coiled  diagonally  npon  Ihe  bobbins 
by  a  proper  mechanitm. 

Fig.  9B8  exhibits  an  end  view  of  the  spinnina  mill ;  in  which  four  working  liaea 
m  Mom  I  two  tier*  upon  each  aide,  one  above  the  olher.    Some  splaaing  nulla  ban 
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ttne  voitriof  den  upon  euh  M«i  bal  u  the  bi;h»t  ll«r  matt  be  naelied  bj  •  Mdv 
'    *  'it  contUacUon  ii  eoiuideted  bj  maaj  to  be  injudiciana. 

/'jg'.  fl%,  is  ■  fronl  Tiew,  where,  at 
fa  the  former  fi^nie,  the  Ivo  worlung 
Ldm  are  sholrn. 

f if.  990,  i«  a  erou  MCtion  of  •  put 
of  the  mnchine,  to  illustnle  the  con- 
itniction  and  play  oT  the  workiaf:  puti  j 
jfgi.  996,  997,  ue  other  Tiewi  <itfig. 
990. 

J'i;.  991,  thowB  a  tingle  part  of  the 
machine,  bj  which  the  bobbint  are  made 

Figt.  992,  and  993,  ahow  ■  dif- 
ferenl  mode  of  ginns  the  traTene  lo 
the  Hnide  ban,  than  that  represested  in 
^f.990. 

Fig:  994,  and  995,  thow  ihe  thape 
of  the  Aill  bobbing,  prodnced  by  the 
■etion  of  these  two  different  Inrerae 
motions. 

The  upper  part  of  the  maehiDe 
being  ^aellr  the  nme  as  Ihe  under 
part,  it  will  be  aufficieot  to  eiptain  the 
constniction   and  opermtion  of  one  of 

A,  A,  are  the  end  npii^hl  fruoei  or 
itaodardt,  between  which  are  two  or 
three  inlETmrdiale  ilandards,  accord- 
inii  to  the  length  of  the  machine. 
Tlier  are  all  connected  at  their  sidet 
by  beams  «  and  c,  which  extend  the 
whole  length  of  the  maebinet.  d,  d, 
•re  made  fast  to  the  beami  a,  and  their 
Ihe  bare.    These  two  hart  together  are 
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calledj  by  the  woriunen,  (he  ipindle  bco.    The  Mandud*  a,  a,  ur  btNud  with  OMikB 

e,  c,  are  (be  wharrcs  or  whorli,  turned  bj  a  band  rratn  the  horiunital  tio  cyliadom 
the  liDMor  tj%,fig.  SAB,  Ifing  in  ihr.  middle  line  between  the  tw«  pwaJlel  ni«tf 
■pindles  d,  d.  f,  r,  are  Ibe  bobbin*  coatmining  the  nnlwiited  donbled  ailk,  whid  m 
■imply  prmed  down  upon  the  tapei  eu]  of  the  ipindle*.  d,  i,  are  lillle  liB%N 
forked  winEs  of  virF,  attached  to  wuhcn  of  wood,  which  lemlTe  loose  npoa  thel^i 
of  the  raitl  bobbins  r,  and  round  the  vpindlei.  One  of  Ihe  wiiut*  n  atwieiiiBa  ba 
upward*,  to  wrve  as  a  guide  [o  the  liik,  as  ihomi  by  dotted  line*  in  fig.  990.  t,t,m 
pieces  of  wooJ  preMed  upon  the  tops  of  the  tpindles,  to  i«e*ent  the  Sieia  rron  itntai 
olT  by  Ihe  centiirufral  force,  a,  are  horiiontat  ahaJU  beariDf  >  Dumbpr  c£  lillle  qar 
wheels  /,/•  H,  ire  slol-beiriagi,  (imilar  lo  thoH  of  the  doahling-maehiae,  wiiA  n 
fixed  lu  the  end  and  middle  ftamei.  In  thne  doti,  the  liiht  pqaan  caal-iron  tbMltt  tr 
■pind1eag,7!r-  98%  are  laid,  on  whoae  end  the  spur  wheel  ill  caat|  and  when  ifaeAdlf 
lies  in  the  from  tlol  of  its  bearing,  it  is  in  Rear  wilh  the  wheel  /,  npoa  tbe  ihaft  o )  bfl 
when  it  is  laid  in  the  back  slot,  it  is  out  of  eear,  and  at  mt.  Bee  r,  y,fig.  986. 
Upon  these  little  cast-iron  shaA«  or  gpindlet  g,Jig.  991,  Ihe  bobbina  or  block*  i,bc 
thrust,  for  receiiinit,  by  wiDdmg-on,  Ibe  IwU 
or  spun  silk.  These  blocka  an  made  of  a  hip 
diameter,  in  order  that  the  *ilk  fibre*  may  art  k 
too  much  bent ;  and  they  we  bot  ttifbtly  Od, 
at  eacb  sQccessive  charge,  lest,  by  incicBiiaflUt 
diimeler  loo  mncb,  tbey  ■honld  pnKiiiee  IM  lafil 
an  increase  in  Ihe  rale  of  windinf,  with  ]mf«- 
lional  diminution  in  thelwiti,  wadriik  of  sMdt- 
ing  or  trariai  the  silk.  They  arc  thcreAre  IhiBM 
frequently  ehauBed.  a,  a,  arc  Ibc  fnide  ban,  witt 
the  lEuidn  1,1,  thraoth  which  the  nlk  passe*,  lot 
drawn  by  Ihe  molTinir  bobbins  i,  and  deliieni 
or  laid  on  by  Ihe  Sien  d,  d,  from  the  rotiWT 
Iwiuing' bobbins  r.  The  operalion  of  Ih«  ■*• 
chine  i»  therefor*  simple,  and  ihe  tnaticu  bc 
giren  to  the  parti  in  a  manner  equally  sa. 
Upnn  the  shaR  of  Ihe  tin  cyUnder  or  dn^ 
0  the  frame,  the  nsnal  Ikn  kod  Isat 


e.  These  rigger*  arc  often 
steam -pulleys  by  (he  workmen,  from  their  bciit 
conneclcd  by  bands  wilh  tbe  Bteam-driTea  itH 
of  iht  fsctory.  In  order  (o  allow  the  riggersqM 
the  KhBda  of  the  upper  and  Ihe  nnder  diaas  W 
be  driven  from  the  same  pnlley  upon  tbe  naii 
■ban,  the  axis  of  (he  under  dram  is  prolonged  it 
L,  l',  and  supported  at  its  end,  directly  (hat  Ihe 
door,  by  an  upright  bearinr.  Upon  the  shafb 
of  the  tin  cylinders  there  ia  also  %  lly.wbed  a, 
to  equalite  the  molion.  Upon  the  olhcr  eadic/ 
these  ihafU,  namely,  at  the  end  oT  the  spiasiig- 
mill,  represented  in  fig.  9BS,  the  pinions  1  ir* 
filed,  which  drive  the  wheel*  3,  by  meant  of  (ke 
inlennedlale  or  carrier  wheel  2 ;  called  al»  Ita 
plR[e  wheel,  from  its  being  hollowed  somcwhst 
like  a  trencher.  ],  is  called  the  chaage-pinion,  to- 
eaose  i[  i>  changed  for  another,  of  a  diSeteatBtt 
and  diflerent  number  of  teeth,  wben  a  change  is 
the  velocity  of  wheels  2  and  3  it  lo  be  maJe.  To  allow  a  greater  or  smaller  pinioa  ts 
be  applied  at  I,  the  wheel  2  is  mounted  upon  a  slud  k,  which  is  moreable  in  a  slot  coa- 
eenlrie  with  the  aiis  of  Ihe  wheel  3.  This  slot  is  a  branch  from  (he  eftua  bar  n.  Tb> 
imaller  (he  change-pinion  is,  the  nearer  will  the  stud  k  approach  to  the  veitieal  Um 
joining  Ihe  centres  of  wheels  1  and  3  ;  and  Ihe  more  slowly  will  the  plate  wheel  2  to 
drivpn.  To  the  spur  wheel  3,  a  bevel  wheel  4,  is  fiinl,  with  which  Ihe  other  *la> 
revolves  loose  upon  Ihe  stud.  The  bevet  wheel  5,  upon  the  shall  I,  is  driven  by  the  be*d 
wheel  4 ;  and  it  cocnmunicBtes  motion,  by  the  bevel  wheels  6  and  T,  (o  each  of  (he  hori- 
nntnl  shafls  G,  □,  ei(ending  niong  (he  upper  and  under  tiers  of  Ihe  machine.  At  the 
lell-hand  side  of  the  top  part  of  ^g.  988,  the  I  wo  wheels  6  and  T  are  omilled,  on  purpeae 
to  show  Ihe  bearinis  of  the  shaft  o,  at  also  (he  *lot-bearingi  for  eairying  the  tbafli  «r 
tkewei*  of  Ihe  bobbin*. 
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If  it  be  desired  to  esmiiinnicate  tir[it  in  Ihe  oppocile  direclion  lo  Ihit  wbidi  would 
le  given  by  the  eiciubI  aTiangpaieDt  of  Ihe  nheels,  it  is  neceewry  merely  to  tnuupose 
Ihe  CRrrier  wheel  2,  from  it«  pment  poeition  on  Ihe  right  hnnil  of  pinion  1,  lo  the 
IcA  of  it,  >Dd  (0  drire  Ihe  lia  cylinder  hj  a  crossed  or  elose  >[»]<,  inatead  of  >  Btreight  or 

The  travene  leolion  of  the  guide  is  givea  here  in  ■  timitsr  way  lo  that  of  the  engine, 
Ifig.  975.)  Near  one  of  the  midJle  or  tros»-fr«me»  of  Ihe  marhine  (see  fig.  990)  the 
wheel  /,  in  Rear  with  a  spur  wheel  A,  upon  one  of  Ihe  block-(h>na,  drives  also  a  spur 
wheel  m,  that  revolves  upon  a  Elud,  lo  which  wheel  is  fixed  a  bevel  wheel  ■,  in  gear 
with  the  bevel  wheel  o.  To  wheel  D,  Ihe  same  mechanism  is  alMched  as  was  described 
vaitrftgt.  979  and  980,  and  which  ia  here  marked  with  the  same  letters. 

To  the  craak-bnob  r,Jlg.  990,  ■  rod  z,  is  attached,  which  movei  or.traipnea  the  guide 
*   nn.  **■■  belonging  lo  that  part  of 

the  machine ;  to  each  ma* 
chine  one  such  apporalus  is 
Sited.  In  figt.  99!  and  993 
another  mode  of  traversing 
the  guide  bar  is  shown,  which 
is  generally  used  for  the 
coarser  qualilin  of  ailk. 
Near  to  one  of  the  middle 
frames,  one  of  the  wheels  /, 
in  gear  with  the  spur  wheel 
m,  and  the  bevel  wheel  n, 
both  revolving  on  one  stud, 
gives  motion  also  lo  Ihe 
wheel  0,  fixed  apon  a  shan 
,,  a',  at  whose  other  end  Ihe 

•lUptical  wheel  V  a  fixed,  which  drives  a  second  elliptical  wheel  c',  in  such  a  way  that 
Ihe  larger  diameter  of  Ihe  one  plays  in  gear  with  the  smaller  diameter  of  the  other  i  tha 
teeth  being  so  cut  as  to  take  into  each  other  in  all  positions.    The  crank-pieced'  is  screwed 
994  995  npon  the  face  of  the  wheel  c',  at  such  a  distance  from  it*  centre 

as  may  be  necessnry  lo  jrive  Ihe  desired  lentiih  of  ttaverse  mation 
to  the  guide  bar  for  layiiiK  the  ailk  apirally  upon  the  hlocki. 
The  purpoMofthe  elliptical  wheel  is  to  modilythesimple  crank 
motion,  which  wodM  wind  on  more  silk  at  the  ends  of  the  bob- 
bios  Ihan  in  their  middle,  and  to  elferl  an  equality  of  winding- 
on  over  the  whole  EurTace  of  the  blocks.  In  fig.  993  the  elliptical  wheels  are  shown  in 
front,  to  illustrate  their  mode  of  openuing  upon  each  other.    Fig.  994  is  a  block  filled 

by   the  motion  of 

l"     ■"'■ 
blo£ 

filled  by  the  ellip- 
tical     mechanism. 
As  [he  length  of 
Ihe  motions  of  Ihe 
bar    in   the   lalter 
construction       re- 
mains the  same  daring  ihe  whole  operation,  the  silk,  as  it  is  wound  on  the  blocks,  will 
•iMle  over  the  edges,  and  thereby  produce  tbe  flat  ends  of  the  barrel  in  fig.  99S.    The 
nf,T    K-T-i  conienl  ends  of  the  Wock   (fig.  99i)  arc  prodnced  by  the  con- 

--'  1 11-  liniially  shortened  motions  of  the  puide  bar,  as  the  stud  ap. 

i'l  proaches.in  its  sun-snd-planet  rotalion,  nearer  to  the  genetal 


••JliUirlw; 


""SS- 


Figi.  996,  997  ore  two  dilTerent  views  of  Ihe  diflerential  me- 
chanism described  undetjSg.  9'JO. 

The  bent    wire  x,  fig.  990,  is  called   the  guider  iron.     It  ia 
attached  at  one  end  to  the  pivot  of  the  nin-and-planet  wheeU 

._[ —— 7      work  /,  1, 0,  and  at 

In  "  ^     the    other    to    the 

guide    bar     /,  /, 


fir      989. 


The 


(J)'  &  ailk    threads   past 

IS  already  explained.    By  the  motion  eommnnicated  to  the  guide  tar 
(guidtr),  the  diamond  pattern  if  produced,  as  shown  in^j.  9W. 
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In  tbi)  machine,  th«  lilV  i>  unwonail  from  Ihe  bli>ck>  of  Uie  tbnnrin^-iiull,  Bad  fa^ 
into  banks  fur  liie  niarlit'l.  The  blocki  being  oT  a  large  liie,  wonld  be  prodiKtiK  of 
iDDch  frielion,  if  made  lo  rrvulve  upon  fkewen  thnal  tbroogb  Ihem,  and  woold  aw 
fteqnent  breaVaire  of  Ihe  »ilk.  Thef  air,  Itaerefare,  »«  wilh  their  ues  npri^bl  npog  i 
board,  and  Ihe  tilk  is  drawn  from  their  surfaee.juit  ai  the  weft  ia  from  »copi«lW 
■buttle.  On  tliis  aceoaai  the  preTions  windio)!-on  molt  b«  ctecateil  in  m  ferj  nplu 
■tanner;  and  preTersblr  u  rcpreiented  iafig.  994. 

Fig.  998  it  a  from  view  of  Ihe  reel;  lilile  more  than  one  hnlT  of  il  beui«  •htm. 
Ftg.  999  it  an  end  view.    Here  Ihe  Meam  puUeya  are  mnilled.fat  fear  of  oUtrBHiag  ite 


I 


TJew  af  Ihe  more  essential  parls.  a,  a,  are  (he  Iwo  end  framing,  conneded  b;  maboonj 
■trelchera,  which  form  Ihe  table  b,  for  receivinjc  Ihe  bobbin)  c,  c,  which  arc  BoinetJBM 
weighted  al  tnp  with  a  lump  of  lead,  lo  prerenl  their  lambling.  »  i*  tbe  reel,  coontag 
of  four  lonK  laths  of  wood,  which  ate  fixed  upon  iron  framet,  attached  to  *n  octapnal 
wooden  shafl.  The  arm  which  suilains  one  of  these  lathi  is  capable  or  bein|!  boil  ia- 
wards,  by  looicnin;  a  tighlening  hook,  bo  as  to  jiermil  the  hankt,  when  QDished,  u  bt 
taken  off,  at  in  every  common  reel. 

The  machine  consists  of  two  equBl  parts,  coupled  together  at  o,  to  facilitate  themnovil 
of  the  silk  from  either  half  of  the  reel  t  the  attendant  first  lifting  the  one  psri,  and  tbn 
the  other.  E  is  the  guide  bar,  which  by  a  IraFcrse  motion  cansea  the  lilk  to  be  wonad 
on  in  a  cross  direction,  b  and  c  nre  the  wire  guides,  and  d  are  Utile  levers  ljin|[  npa 
the  cloth  covcreil  iniide  bar  e.  Tbe  silk,  in  its  way  from  the  block  to  the  reel,  paMM 
under  these  leverg,  by  which  it  is  cleaned  Oom  loose  fibres. 

On  the  other  end  of  the  ahaA  of  the  reel,  the  spur  wheel  1  is  fixed,  which  derives  ib»- 
lion  from  wheel  2,  attached  lo  the  shaft  of  the  sleom-pullcy  f.  Upon  Ihe  aame  shiA 
there  ia  ■  bevel  wheel  3,  which  impels  Ihe  wheel  4  upon  Ibe  shaft  t ;  to  whoM  end  a 
plate  is  attached,  to  which  the  crank  /  is  screwed,  in  such  a  way  ai  lo  give  thr  fnpB 
length  of  traverse  motion  to  Ihe  guide  bar  f,  connected  lo  that  crank  or  eecentrie  stud  by 
the  jointed  rod  «.  Upon  tbe  shofV  of  the  steam-pulleys  r,  there  is  a  wram  or  endkn 
screw,  tn  the  Xeti  off,  fig.  999,  which  works  in  a  wheel  5,  attached  lo  the  abort  n|wight 
■had  h  (Jig.  998).  At  the  end  of  h,  there  is  another  worm,  which  works  in  a  wheel  8[ 
at  whose  circumference  there  is  a  stud  i,  whicli  strikes  once  al  every  revidatian  agaiut 
an  arm  attached  to  a  bell,  seen  to  Ihe  left  of  g  i  thus  announciog  to  Ihe  reel  tenter  that 
a  measured  length  of  silk  has  been  wound  upon  her  reel.  <  is  a  rod  or  haodJe,  by  which 
the  fbrk  I,  with  Ihe  strap,  may  be  moved  upon  the  fast  or  loose  pulley,  M  •■  lo  set  cw  V 

Throwsters  aubmit  Iheir  silk  to  Kouring  and  ateaioiiig  proceMM.     ner  MMk  tht 
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.1  imported,  in  lakewarm  soup-water  ia  ■  lab ;  bat  ibe  bnbbim  of  Oie  twlMcd 
k  from  the  spinning  mill  are  encloged  vritbin  a  wooden  chest,  and  exposed  to 
the  opcniog  action  of  steam  for  aboal  ten  niiautea. 
They  are  then  immersed  in  a  cistern  of  wum  water, 
from  which  ihpf  are  traneferral  to  the donbling  frame. 
The  wages  of  the  workpeople  in  the  ulls-throw- 
ing  mills  of  Italy  are  abonl  one  half  of  their  wage* 
in  Manchester!  but  this  diflereace  is  mnch  more 
than  counterbalanced  by  the  protecting  doty  of  2*. 
lOd.  a  pound  upon  thrown  silk,  and  Ibe  saperior 
machinery  of  oar  mills.  In  1832,  there  was  • 
power  eqnal  (o  342  horses  enga^  in  Ibe  lilk- 
Ihrowing  mills  of  Manchester,  and  of  about  100  in 
the  mills  of  Derby.  The  power  employed  in  the 
other  silk  mills  of  England  and  Scotland  has  not 
been  recorded. 

There  is  a  peculiar  kind  of  silk  calletl  marotioiil, 
containing  gen erall if  three  threads,  made  from  the 
while  Novi  nv  silk.  From  its  whiteness,  it  takes 
the  tnost  liicly  and  delicate  colors  wiihoDl  Ihe 
discharge  of  its  gnm.  Afler  being  made  into  truB 
by  the  single  lwi|l  upon  the  spinning  mill,  it  is 
reeled  into  hanks,  and  sent  to  the  dyer  without  fur- 
ther preparation.  Aner  being  dyed,  Ihe  throwster 
re-nrinds  and  re-twisw  il  upon  Ibe  spinning  mill,  in 
order  to  give  it  the  whipcord  hardness  which  consli- 
tnles  the  peculiar  feature  of  marabout.  The  eosi 
of  [he  raw  Novi  silk  is  19i.  6d.  a  ponndi  of  throw- 
ing it  inlo  tram,  2].  6<I. )  of  dyeing,  2j.;  of  re-wind- 
ing and  re-iwisling,  afler  il  bus  been  dyed,  about 
.  T  cent, :  the  total  of  which  sum  is  3Ij.  ;  being  the  price  of 
of  fflat«bonl  ia  1832. 


C™a.ri«  wh.™  «po,.«l. 

QuEtiliH. 

-l.„^h«p»rW. 

Q-i«tiU„. 

Italy  exports 

34,000  b.lesof225  small  lbs. 

B.l«. 

10,500    .  .    J    73*  kils.,  or 

(England  - 

28,000 

India  and  Bengal  elport  - 

gjflO    .  .    i  1281  Vienna  lbs. 

S  Frsnee     - 

22,000 

7,500    .  .       162  lbs.  English 

7,600 

China       -            -    .  .    - 

Russia     - 

6,400 

Asia  Minor          -    .  .    - 

Austria  and 

Germany - 

5fiOO 

chipelago  export 

3,SO0    .  . 

Sflm 

Spain  exports 

74,000 

Total 

74,000  bales. 

Xolt, — These  ealimates  exclude  Iha  silk  mannfaetured  in  Italy. 

The  deelsred  value  of  the  silk  manufaclurcs  exported  from  Ihe  United  Kingdom  in 
1836,  wns  917,822/.;  and  in  1837,  only  494,069.  The  deficit  in  the  last  yenr  was  owing 
lo  (he  commerciBl  crisis  ia  the  United  States;  which  country  took,  the  preceding  year, 
oar  silk  poods  to  the  valne  of  624,3011. 

SILKWORM  GUT,  for  aogUng,  is  made  as  foUows :— Select  a  nnmber  of  the  best 
aid  largest  silkworms,  just  when  they  are  beginsing  to  spin  ;  whieh  is  known  by  their 
refosing  to  eat,  and  having  a  fine  silk  thread  hanging  from  their  mouths.  Immerse  them 
ia  strong  TJnegar,  and  cover  them  closely  for  twelve  hours,  if  the  weather  be  warm,  but 
two  or  three  hours  longer,  if  it  be  cool.  When  taken  ont,  and  palled  asunder,  two  ttant- 
pMcnl  guts  will  be  observed,  of  a  yellow  green  color,  as  lhii±  as  a  small  straw,  bent 
douhle.  The  rest  of  the  entrails  resembles  boiled  spinage,  and  therefore  can  occasion  im 
mistake  as  (o  the  silk-guL  If  this  be  soft,  or  break  upon  stretching  it,  it  is  a  proof  that 
■be  worm  has  not  been  long  enough  under  the  influence  of  the  vin^ar.  When  Ihe  gut 
b  fit  to  draw  out,  Ihe  one  end  of  il  ii  to  be  dipped  into  Ihe  vinegar,  and  the  other  rad 
71 
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is  to  be  stretched  gently  to  the  proper  length.    When  thas  drmwn  out,  it  must  %e  Iql 
extended  on  «  thin  piece  of  board,  by  putting  its  extremities  into  slits  in  the  end  of  tk 

.Q^  wood,  or  fastening  them  to  pint,  and  tki 

^  juuu  I  exposed  in  the  snn  to  dry.     Thns  gcaiiK 

(XuXLIIDJX    <]23B  VWvMI^  oer  in  which  it  is  dried,  the  ends  are  alviji 

more   or   less  comprened    or   attenaaiii* 

Fig.  1000,  a,  is  the  ailkworm ;  &,  the  worn 

torn  asander ;  r,  c,  the  guts ;  d^  d,  a  botvd 

\  slit  at  the  ends,  wkh  tke  gat  to  dry ;  /,/, 


/ 
/ 
/ 

/ 
/ 

l 


^  a  board  with  wooden  pegs,  Ibr  the 

^  purpose. 

:^       SILVER  {Jrgenij  Fr.;    SHUr,  Gen.) 

N  was  formerly  called  a  perfect  metal,  beeuR 

^  1^  heat  alone  revired  its  oSEyde,  and  became  t 

A  k  could  pass  unchanged  through  fieiy  trii^ 

•  "^    which  apparently  destroyed  moat  other  m- 

^  4^      taU.    The  distinctions,    perfitct,  impoftd^ 

Tx      and  noble;   are  now  justly   rejected.    The 
^      bodies  of  this  class  are  sU  equal  in  — *■■• 


nature,  ench  being  endowed  merely  with  difl'erent  relations  to  other  tonus  of 
which  serve  to  characterize  it,  and  to  Rivc  it  a  peculiar  value. 

When  pure  and  planished,  silfer  is  (he  brightest  of  the  metals.  Its  specific  gnn)| 
in  the  ingfit  is  10*47 ;  but,  when  condensed  under  the  hammer  or  in  the  coining  preii,il 
becomes  10*6.  It  melts  at  a  bright  red  heat,  a  temperature  estimated  by  some  as  e^A 
to  1280°  Fahr.,  and  by  others  to  22°  Wedge  wood.  It  is  exceedingly  malleable  asd  dm- 
tile ;  aifordinc  leaves  not  more  than  ^■^-.Ut.-x  of  an  inch  thick,  and  wire  far  finer  thm  t 
human  hair. 

By  Sickingen's  experiments,  its  tenacity  is,  to  that  of  gold  and  platinum,  as  the  iHi- 
bers  19,  15,  and  26^  ;  so  that  it  has  an  intermediate  strength  between  these  two  metnk 
Pure  atmospheric  air  does  not  affect  silver,  but  that  of  houses  impregnated  with  tolpto- 
eted  hydrogen,  soon  tarnishes  it  with  a  film  of  brown  sulphuret.  It  is  distingwhei 
chemically  from  gold  and  platinum  by  its  ready  solubility  in  nitric  acid,  and  fhim  ahnort 
all  other  metals,  by  its  saline  solutions  aflbrding  a  curdy  precipitate  with  a  most  niNle 
quantity  of  sea  salt,  or  any  soluble  chloride. 

Silver  occurs  under  many  forms  in  nature  : — 

1.  Native  silver  possesses  the  creater  part  of  the  above  properliea ;  yet,  on  aceoaot  of 
its  being  more  or  less  alloyed  with  other  metals,  it  differs  a  little  in  malleability,  Instre, 
density,  &.c.  It  sometimes  occurs  crystallized  in  wedge-form  octahedrons,  in  cnbcs* 
and  cubo-octahedrons.  At  other  times  it  is  fourid  in  dendritic  shapes,  or  arboresceaceSf 
rci^ulting  from  minute  crystals  implanted  upon  each  other.  But  more  usually  it  pmeals 
itself  in  small  grains  without  determinable  fuim,  or  in  amorphous  masses  of  variom 
magnitude. 

The  gaiiguet  (minmil  matrices)  of  native  silvtT  arc  so  numerous,  that  it  may  be  said 
to  occur  in  all  kinds  of  rocks.  At  one  time  it  appears  as  If  filtered  into  their  fksarcs, 
at  another  as  having  vegetated  on  their  surface,  and  at  a  third,  as  if  impasted  in  their 
substance.     Such  varieties  are  met  with  principally  in  the  mines  of  Peru. 

The  native  metal  is  found  in  almost  all  the  silver  mines  now  worked;  but  espedaDy  ii 
that  of  Kcngsberg  in  Norway,  in  carbonate  and  fluate  of  lime,  &c. ;  at  Schlangenbeig 
in  Siberia,  in  a  sulphate  of  barj  tes ;  at  Allrmonf,  in  a  ferrucinons  day,  &c.  Id  tbe 
article  Minju<«,  I  have  mentioned  several  large  masses  of  native  silver  \hat  have  beea 
disco\'ered  in  various  localities. 

The  metals  most  usually  associated  with  silver  in  the  native  alloy  are  gold,  copper, 
arsenic,  and  iron.  At  Andreasberg  and  Guadalcanal  it  is  alloyed  with  about  5  pereeot. 
of  arsenic.    The  auriferous  native  silver  is  the  rarest ;  it  has  a  brass-yellow  color. 

2.  jintimoiiial  *i7rf r.— This  rare  ore  is  yellowish-blue ;  destitute  of  malleability  j  erea 
very  brittle ;  spec.  grav.  9-5.  It  melts  before  the  blowpipe,  and  affords  white  fomes  cf 
oxyde  of  antimony;  being  readily  distinguished  from  arsenical  iron,  and  arsenical  eobaX 
by  its  lamellar  fracture.  It  consists  of  from  76  to  84  of  silver,  and  from  5U  lo  16  of 
antimony. 

3.  Mixid  antimonial  silver, — At  the  blowpipe  it  emits  a  strong  garlic  smell.  Its  con* 
stituents  are,  silver  16,  iron  44,  arsenic  35,  antimony  4.    It  occurs  at  Andreasberg. 

4.  Sulphuret  of  silver. — This  is  an  opaque  sifbstance,  of  a  dark-gray  or  leaden  hse; 
■lightly  malleable,  and  easily  cut  with  a  knife,  when  it  betrays  a  metallic  lustre.  The 
silver  is  easily  separated  by  the  blowpipe.    It  consists  of,  13  of  sulphur  to  89  of  mint, 
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lij  experiment;  13  to  87  are  the  theoretic  proportions.  Its  spec.  gray,  is  6*9.  It  occurs 
crystallized  in  most  silver  mines,  but  especially  in  those  of  Freyberg,  Joachimsthal  in 
Bohemia,  Schemnitzin,  Hungary,  and  Mexico. 

5.  Red  srdphurei  of  silver;  silver  glance, — Its  spec.  grav.  is  5*7.  It  contains  from  84 
to  86  of  silver. 

6.  Sulphureted  silver,  with  bismuth, — Its  constituents  are,  lead  35,  bismuth  27,  silver 
Id,  sulphur  16,  with  a  little  iron  and  copper.    It  is  rare. 

7.  jintimoniated  sulphuret  of  silver,  the  red  silver  of  many  mineralogists,  is  an  ore 
remarkable  for  its  lustre,  color,  and  the  vanety  of  its  forms.  It  is  friable,  easfly 
scraped  by  the  knife,  and  affords  a  powder  of  a  lively  crimson  red.  Its  color  in  mast 
is  brilliant  red,  dark  red,  or  even  metallic  reddish-black.  It  crystallizes  in  a  vanety  of 
forms.  Its  constituents  are, — silver  from  56  to  62 ;  antimony  from  16  to  20 ;  sulphur 
from  11  to  14;  and  oxygen  from  8  to  10.  The  antimony  being  in  the  state  of  a  purple 
oxyde  in  this  ore,  is  reckoned  to  be  its  coloring  principle.  It  is  found  in  almost  idl 
silver  mines ;  but  principally  in  those  of  Freybei^,  Sainte-Marie-aux-Mines,  and  6ua- 
daleanal. 

8.  Black  sulphuret  of  silver,  is  blackish,  brittle,  cellular,  affording  globules  of  silver 
at  the  blowpipe.  It  is  found  only  in  certain  mines,  at  Allcmont,  Freyberg;  more  abun- 
dantly in  the  silver  mines  of  Peru  and  Mexico.    The  Spaniards  call  it  negrillo. 

9.  Chloride  of  silver,  or  horn  silver, — In  consequence  of  iu  semi-transparent  aspect,  its 
yellowish  or  greenish  color,  and  such  soOness  that  it  may  be  cut  with  tiie  nail,  this  ore 
has  been  compared  to  horn,  and  may  be  easily  recognised.  It  melts  at  the  ^ame  of  a 
candle,  and  may  be  reduced  when  heated  along  with  iron  or  black  fiux,  which  are 
distinctive  characters.  It  is  seldom  crystallized ;  but  occurs  chiefly  in  irregular  forms, 
sometimes  covering  the  native  silver  as  with  a  thick  crust,  as  in  Pern  and  Mexico.  Its 
density  is  only  4*74. 

Chloride  of  silver  sometimes  contains  60  or  70  per  cent,  of  clay ;  and  is  then  called 
batter-milk  ore,  by  the  German  miners.  The  blowpipe  causes  globules  of  silver  to  sweat 
oat  of  ic.  This  ore  is  rather  rare.  It  occurs  in  the  mines  of  Potosi,  of  Annabel,  Frey- 
berg, Allemont,  Schlangenberg,  in  Siberia,  &c. 

10.  Carbonate  of  silver^  a  species  little  known,  has  been  found  hitherto  only  in  the  mine 
c€  S.  Wenceslas,  near  Wolfache. 

Table  of  the  Quantities  of  Silver  brought  into  the  Market  every  year,  on  an  average, 

from  1790  to  1802. 


Old  Continrat. 

Lbs.  Avoird. 

New  Continrat. 

Lbs-Avrnd. 

ASIA. 

Siberia   -           -           - 

EUROPE. 

Hungar>' 
Austrian  States  - 
Hartz  and  Hessia 
Saxony   -            -            - 
Norway  -            -            - 
Sweden  -            -            -  ^ 
France  -            -            -  > 
Spain      -            -            -  ) 

Total  of  the  Old  Continent 

38,500 

44,000 
11,000 
11,000 
22,000 
22,000 

11,000 

Central  America  - 
South  America     - 

• 
Total  of  the  New  Continent 

1,320,000 
605,000 

159,500 

1,925,000 

Thus  the  New  Continent  furnished  twelve  times  more  silver  than  the  old.    For  moie 
detailed  statistics  of  silver,  see  the  end  of  the  article. 

The  following  is  Mr.  Ward's  description  of  the  treatment  of  silver  ores  in  Mexico : — 
"  After  returning  from  San  Ausjustin,"  says  he,  "  I  passed  the  whole  of  the  after 
noon  at  the  hacienda  (metallurgic  works)  of  Sal^ado,  in  which  the  ores  of  the  Valenciana 
mine  are  reduced.  The  hacienda,  of  which  a  representation  is  given  below,  fg,  1001, 
contains  forty>two  crushing-mills,  called  arrastres,  and  thirty-six  stampers.  The  ore, 
on  being  extracted  from  the  mine,  is  placed  in  the  hands  of  the  pepenadores,  men  and 
women,  who  break  all  the  larger  pieces  with  hammers,  and  after  rejecting  those  in 
which  no  metallic  particles  are  contained,  divide  the  rest  into  three  classy"  (inferior, 
middling,  and  rich).  <<  These  are  submitted  to  the  action  of  the  morteroa  (stamps), 
one  of  which,  of  eight  stampers,  is  capable  of  reducing  to  powder  ten  carsas  of  ore  (each 
of  350  lbs.)  in  twenty-four  hours.  This  powder  not  being  thought  sufficiently  fine  for 
the  quicksilver  to  act  upon  with  proper  effect,  it  is  transferned  from  the  morteros  to  the 
arrastres  (crushing-mills,  see  wood-cut),  in  which  water  is  used.  Each  of  these 
rcdnces  to  a  fine  impalpable  metalliferout  mud,  six  quintals  (600  Ibt.)  of  powder  in 


sui)ieniled,  arc  CnrrimluJTU 
g  water.    The  i;atd  Ihas  callecled  a  tniiPil  with  ■  qutnliir  of  TerrnjiHaaiiL 
nnd  and  itonj  umtter,  which  requires  the  procrs*  of  trilurBlioB,  fffcclwl  br  Ihc  ntj  M 
and  Bimplc  Irapicht  shawp  in  the  fi^nre ;  consisting  of  two  atones,  Ibe  under  m     ' 
about  three  (eel  in  diameter,  and  slight];   coacoTe.      The  apper  stone  U 
ipherieal  boulder  of  syenilic  granite,  about  tTro  Teel  in  diameter,  harinic  an  lU  o^ 
part  two  iron  plues  filed  oppositely,  to  which  is  secured,  by  la^hingi  of  hidp,  •  U 
Terse  horizontal  pole  of  canili  (cinnnaina}  voal,  about  10  ivti  lon^;  two  men  teatr 
the  eitretnilieaof  thii  lever,  work  it  up  and  down  allernntely,  so  a»  lo  EiTe  lo  Ihe  » 
rollin;;  motion,  which  i>  suflident  to  ernsb  and  grind  the  materialB  placed  t 
The  wastiinin  ihua  ground,  are  subjected  to  the  selion  of  ninnin;  water,  upon  iadid 
planes  formed  of  skins,  by  which  process  the  iilieious  partiiles  are  carried  off,  wbilr 
portion  of  the  ferruginous  matter,  railed  with  the  hearin:  erains  oTgold,  Ueitraclnl  t] 
loadstone  ;    it  is  B|;Hin  washed,  till  nothing  bnt  pnrc  gidd-^usl  remain.     The  whole  B 
ceis  ii  managed  with  much  dexterity  -,   and  if  iberc  were  much  gold  la  be  sepMmtM 


SILVER. 


1135 


would  afford  veT?  prafiublefmploymenl;  bul  generally  the  small  i|aancii;  collecled  ii 
sufficient  only  to  afiord  Biibsifienfe  <o  B  few  mictrable  rHtnilire. 

The  trapiclu,  mgnio,  or  mill,  for  erinding  Ihc  am  of  silver,  is  ■  very  simple  piece  of 
■nechanisni.  A  place  is  chocpn  where  a  smalt  euirenl  of  water,  whose  «ecIion  nill 
present  a  surface  of  eli  inches  diameter,  can  be  brouKhl  lo  a  spot  where  it  can  fall  per- 
pendicnlarl;  ten  or  tweke  feel ;  at  this  place  a  well  is  built  of  IhiE  deplb,  about  6  feet 
in  diaioeler  ;  in  ils  re nlre  is  fixed  Hit  Dprighl  shatl,  upcjn  n  central  brass  pin  )  it  is  con- 
fined above  by  a  wuuden  eollar.  A  Utile  above  its  fool,  Ihe  shaft  has  a  small  wheel  affix- 
ed lo  it,  round  which  are  Gied  a  number  of  radialinft  spokes,  shaped  at  the  end  somewhat 
like  cups,  and  fonnini!  alloECIher  a  horizontal  wheel,  four  (^l  in  diameter.  Upon  the 
Wanting  edscs  of  the  cups,  the  water  is  made  to  strike  with  the  force  it  has  acquired  in 
fallinlidown  a  nearly  perpendicular  trough,  senoped  out  of  The  eotid  iraub  of  a  tree. 
Thia  impreseion  makes  the  wheel  turn  with  a  quick  rolalory  motion.  The  upright  aiia 
IJMB  about  6  feet  above  Ihe  top  of  the  well,  at  about  half  which  height  is  inserted  a  small 
boriionta]  arm,  fonr  feet  lonz,  which  serves  as  an  axle  to  a  pondeiuns  mill-stone  of  granite, 
DTfrnn  four  to  sii  feel  diamclei,  which  is  made  to  roll  on  its  cclec  in  a  circular  trough, 
■ometimes  made  of  the  same  material,  and  somelimes  of  banl  wooJ. 

The  weight  of  this  qnichlj  rolling  alone  eflecTs  the  piilvcriiation  of  Ihe  ore.  In  some 
cases,  it  is  taken  ddI  tn  ihe  dry  stale,  aurl  sifted  ;  but  more  generall;  the  iepnralion  of 
the  finely  itround  particles  is  acFompUshed  by  The  action  uf  rannini;  wnlrr.  For  this 
purpose  a  small  stream  is  made  lo  trickle  into  the  circular  ItouEh,  by  which  the 
pmiiided  ore  is  worked  up  into  a  muddy  consistence,  and  the  finer  particles  flow  affwiiL 
«  of  water,  through  a  notch  cut  in  the  margin  of  Ihe  trough.  This  fine  nmllct 
'  n  little  pools,  where  Ihe  puunded  ore  is  leA  In  tcllte;  and  the  clear  water 
10(13  being  ntn   off;  the  powder  is  re- 

g      n     _      n  moccd  from    the  bollom,  and    car- 

I     I    I     H  rieil  lo  Ihe  place  of  BDial):Bmaiion. 

L    B     [      I  The  iBjfOjioi,  or  slamping-milli, 

II     I     I     f      H  vitieti,   of  five    feet   diameter,  and 

u  B  I  I  I     """  '°°'  '"^'''  ^'^-  '""^  "'" 

I    H     I     I     I     I  (live  B  sulEicicnt  idea  of  their  con- 

■  'I     I     I     I  slruction.       The    long    horizonlal 

W   J-    1     I     I  *liBft,fi)iedonlheftxisoflhewheel, 

S^^ail-«LJ1_      is  fornished  with  5  .  ,       . 

at  different  situations  roaiut  Ihe 
shaft,  to  ai  lo  act  Ja  succession  on 
the  projectinit  Icdh  of  the  upright 
rods  or  pestles.  Each  of  these 
weighs  son  pounds,  and  works  in  a 
corresponding   oblong    mortar   of 

or,j!g.  1 004,  is  a  large  Bnl  space,  open  lo  Ihe  airy, 
d  securely  Eurraanded  Ry  strong  walls.  It  is 
pared  with  large  un- 
hewn blocks  of  porphy- 
ry, and  is  capable  of 
containing  24  forfas,  or 
Hal  circular  colleclioni 
offoma,  of  about  50  feet 
diameter,  and  7  inches 
deep,  when  the  palio  is 


nalgamation  is  given  by  Captain  Lyon. 

'.0  quintals  each,  and  is  thus  formed:  — 
!n  the  first  instance,  a  squnre  space,  of  ihe  reiiuisile  size  for  a  torla,  is  marked  oul,  and 
enclosed  by  a  number  of  rough  ptankt,  which  are  propped  in  Iheir  places  on  the  patio 
floor  by  large  slones,  and  diinl  horse-dung  and  dust  are  piled  round  Iheir  edges  to  pro- 
venl  the  escape  of  the  lama.  A  bcap  of  snltierra  (tall  mixed  with  earthy  impuriliet)  ia 
tben  piled  in  the  centre,  in  the  ^rnortion  of  a  fanegas  (each  —  I'6  English  bushels)  and 
■■'""'  "'"for  lEe  torla.    Aflei  this,  ihe  Inmn,  or  ore  ground  into  a 


a  half  to  the  monton,  ^ 
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006  paste,  is  poured  in.  When  the  last  or  60lh  inonton  is  delirered,  the  nltknti 
shOTelled  down  and  well  mixed  with  the  lama,  hy  treading  it  with  hones,  and  tiiiiii|ii 
with  shovels ;  after  which  the  preparation  is  left  at  rest  for  the  remainder  cif  the  day.  Oi 
the  following  day  comes  the  el  incorporo.  After  about  one  hour's  treading  by  bonc%lk 
magistral  or  roasted  and  pulverized  copper  ore  is  mixed  with  the  lama,  (the  r^ftmm 
treading-mill  still  continuinsr,)  in  summer  in  the  proportion  of  15  cargasof  12amka 
(25  lbs.  each)  to  the  torta,  if  the  ore  be  of  6  marcs  to  the  monton,  and  in  winter  in  oaly  hilT 
the  quantity.  For  it  is  a  singular  fact,  that  in  summer  the  mixture  ccKds,  and  n^nfi 
more  warmth ;  while  in  winter  it  acquires  of  itself  additional  heat.  With  poorer  «■, 
•8  for  instance  those  of  4  marcs  to  the  monton,  12  cargas  are  applied  in  snffimer,ai4l 
in  winter.  From  November  to  Februar)-,  lime  is  also  occasionally  used  to  eool  the  1mm, 
in  the  proportion  of  about  a  peck  per  monton. 

The  repato,  or  treading  out,  is  continued  by  six  horses,  which  are  srnided  bj  obcbh^ 
who  stands  in  the  lama,  and  directs  them  all  by  holding  all  their  long  halters.  Tlii 
operation  is  much  more  effectual  in  a  morning  than  an  evening,  and  oecnpiet  abont  in 
or  six  hours.  When  the  magistral  Ls  well  mixed,  the  quicksilTer  is  applied  hf  hoii 
sprinkled  through  pieces  of  coarse  cloth  doubled  up  like  a  bag,  so  that  it  spoils  om  m 
▼ery  minute  particles.  The  second  treading  of  the  horses  then  follows;  after  which  tk 
whole  mixture  is  turned  over  by  six  men  with  wooden  shovels,  who  perform  the  opos- 
tion  in  an  hour.  The  torta  is  then  smoothed  and  left  at  rest  for  one  entire  daj,  to  aDov 
the  incorporation  to  take  place.  It  undergoes  the  turning  by  shovels  and  treadisg  \f 
horses  ever}'  other  day,  until  the  amalgamator  ascertains  that  the  first  admiztnre  ofqwi- 
sflver  is  found  to  be  all  taken  up  by  the  silver ;  and  this  he  does  by  Tanning  or  wuhi^ 
a  small  quantity  of  the  torta  in  a  little  bowl.  A  new  supply  is  then  addcS,  and  wki 
this  has  done  its  duty,  another  is  applied  to  catch  any  stray  particles  of  silver.  On  tk 
same  day,  after  a  good  repaso,  the  torta  is  removed  on  hand-barrows  by  the  laboten,  lo 
the  lavaderoa,  in  order  that  it  may  receive  its  final  cleansing.  The  general  method  of 
proportioning  the  quicksilver  to  the  tortas,  is  by  allowing  that  every  marco  of  alrcr 
which  is  promised  by  trial  of  the  ores  as  the  probable  produce  of  a  monton,  will  require 
in  the  whole  process  4  lbs. 

In  metals  of  five  to  six  marcs  and  a  half  per  monton  (of  the  avenge  richness  of  Zaetffr 
cas),  16  lbs.  of  quicksilver  were  incorporated  for  every  monton,  =  900  lbs.  for  the  lorta. 
On  the  day  of  the  second  addition,  the  proportion  is  5  lbs.  the  monton ;  and  when  the 
torta  is  ready  to  receive  the  last  dose  of  quicksilver,  it  is-  applied  at  the  rate  of  7  Ibi. 
the  monton,  =  420  lbs. ;  making  a  total  of  1620  lbs.  of  quicksilver.  With  poorer  or% 
less  quicksilver  and  less  masistral  are  required. 

The  usual  time  for  the  completion  of  the  process  of  amalgamation,  is  from  12  to  15 
days  in  the  summer,  and  20  to  25  in  the  winter.  This  is  less  than  a  third  of  the  tine 
taken  at  some  other  mines  in  Mexico.  This  rapidity  is  owing  to  the  tortas  being  S|ifcad 
very  flat,  and  receiving  thereby  the  stronger  influence  of  the  sun.  In  the  Mexican  mise^ 
only  one  montun  is  commonly  mixed  at  a  time ;  and  the  lama  is  then  piled  in  a  "wfl 
conical  heap  or  monton. 

Lavadero,  or  washing  rat, — Here  the  prepared  tortas  are  washed,  in  order  to  carry  off 
the  earthy  matters,  and  favor  the  deposition  of  the  amalgam  at  the  bottom.  Each  vatii 
about  8  feet  deep,  and  9  in  diameter;  and  solidly  built  in  masonry. 

A  large  horizontal  wheel,  worked  by  mules,  drives  a  vertical  one,  which  turns  a  hori- 
zontal wheel  fitted  round  a  perpendicular  wooden  shaft,  revolving  upon  an  iron  pivot  at 
the  bottom  of  the  vat.  To  the  lower  end  of  this  shaft,  four  cross-beams  are  fitted,  ftw 
which  long  wooden  teeth  rise  to  the  height  of  5  feet.  Their  motion  through  the  water 
being  rapid,  keeps  all  the  lighter  particles  afloat,  while  the  hea\ier  sink  to  the  bottom. 
The  large  wheel  is  worked  by  four  mules,  two  at  each  extremity  of  the 
Water  is  supplied  from  an  elevated  tank.  It  requires  12  hours'  work  of  one  tub  to 
a  torta.  Eight  porters  are  employed  in  canning  the  prepared  lama  of  the  torta  in 
barrows  to  the  vats.    The  earthy  matter  receives  a  second  washing. 

The  amalgam  is  carried  in  bowls  into  the  azogneriaf  where  it  is  subjected  to  straininf 
through  the  strong  canvass  bottom  of  a  leather  bag.     The  hard  mass  left  in  the  bag  is 

moulded  into  wedge-shaped  masses  of  30 
lbs.,  which  are  arranged  in  the  bumiog- 
house,  (/g.  1005),  to  the  number  of  II, 
upon  a  solid  copper  stand,  called  6afO,  hav- 
ing a  round  hole  in  its  centre.  Over  this 
row  of  wedges  several  others  are  built ;  and 
the  whole  pile  is  called  pina.  Each  circu- 
lar range  is  firmly  bound  round  with  a  rope. 
The  base  is  placed  over  a  pipe  which 
leads  to  a  small  tank  of  water  for  con- 
densing the  quicksilver ;  a  cylindrical  space  being  left  in  the  middle  of  the  jmin,  to  give 
free  egress  to  the  mercurial  vapors. 
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|(A  in'?e  bcll-shapvd  cover,  c&llc^  capilliiia,  ii  nuw  hoisted  up,  nnil  corernily  lowered 
•I  the  pina,  by  means  uf  pulleys.  A  strong  Inle  oTushes,  sallierra,  and  lama  is  applied 
to  ill  lower  eil((e,  aud  inaile  lo  fit  very  elosely  lo  (he  plale  oa  which  Lbc  base  iMotts. 
^  wall  oT  fire-briclis  U  Uien  buih  looeely  round  the  capelliua,  aod  thU  space  is  filled 
^th  buraing  charcoal,  which  is  ibrice  replenished,  lu  keep  il  burning  all  night.  Ader 
the  beat  has  been  applied  20  hours,  the  bricks  and  aahes  are  removed,  the  inliafi  broken, 
and  the  capellina  hoisted  up.  The  burned  silver  is  then  found  in  a  hard  mass,  which  it 
broken  up,  weighed,  and  carried  to  the  easting- house,  to  be  rnrmed  into  bats  of  about  1060 
oaoees  each.  The  toss  of  silver  in  burning  is  about  b  Dunces  to  each  bar  {barra),  and 
Ifae  loss  of  quicksilver,  from  H  apott  the  good  metals,  lo  9  upon  the  coorse. 

Molina  told  Mr.  Miers,  that  the  produce  of  the  galena  oieEDTCspalula  did  nolaTcrsge 
more  than  9  marcs  per  eiuan  of  5000  lbs.,  nhich  is  an  eicessively  poor  ore.  The  argen- 
tiferous galena  ores  of  Cumberla.od  atTard  II  mares  per  caxon  ;  white  the  avenge  produce 
*f  IhePolosieilver  ores  isonly  5  or  6  mares  in  the  same  quantity.  These  comparisons  nflbid 
Ule  clearest  evidence  that  the  English  mode  of  smelting  can  never  be  brauglil  into  com 
petition  with  the  process  of  suialKamation  at  practised  in  Ameiica. 

Uomboldt,  Ga;  Lussac,  Buusungault,  Karsten,  and  several  other  cheoiisls  of  note, 
have  offered  solulions  of  the  amalKamalion  enigma  of  Mexico  and  Pern.  The  follou-ing 
seetns  to  be  the  most  probable  mtumalt  of  the  successive  steps  of  the  process  i — 

The  addition  of  the  mapilrai  (powder  of  the  roasted  copper  pyrites).  Is  not  lor  ike 
pui^wse  of  diseagaging  muriatic  acid  from  the  sea  salt  (loIJiemi],  is  has  been  supposed, 
since  nothing  of  (he  kind  actually  takes  place;  but,  by  reci[irocBl  or  compound  affinity, 
n  serves  to  form  chlnride  of  capper,  and  chloride  of  iron,  upon  the  one  band,  and  sulphate 
vf  soda,  upon  the  other.  Were  snlphuiic  acid  to  be  used  instead  of  the  magislntl,  as 
certain  novices  have  prescribed,  it  would  certainly  prove  injiiriout^  by  causing  muriatic 
acid  10  exhale.  Since  the  ores  contain  only  at  times  oxyie  of  silver,  but  always  ■  great 
abundance  of  oxyde  of  iron,  the  acid  would  carry  off  both  partly,  but  leave  the  chloride  of 
silver  in  a  freer  state.  A  magistral,  such  as  sulphate  of  iron,  which  is  not  in  B  condition 
lo  generate  the  chlorides,  will  not  suit  the  present  purpose  ;  only  such  metallic  sulphate; 
are  useful  as  are  r^y  lo  be  transformed  into  chlorides  by  the  laUierra.  This  is  pe- 
culiarly the  case  with  sulphate  of  copper.  Its  denlo-chloride  gives  op  diloiine  lo  Ihe 
(ilrer,  becomes  in  consequence  a  prolochloride,  while  Ihe  chloride  of  silver,  thus  formed, 
is  revived,  and  amalgamated  with  the  quicksilver  present,  by  Heclro-chemical  agency 
which  is  excited  by  the  saline  menstruum ;  just  as  the  vultaie  pile  of  copper  and  silver  is 
rendered  active  by  a  solnlionofsea  tall.  A  portion  of  chlorule  of  mercury  will  beaimul- 
laneously  formed,  lo  be  decomposed  in  iu  turn  by  the  salphalc  uf  silver  resulting  from 
the  mutual  action  of  the  acidified  pyrilci,  and  Ihe  silver  or  its  oxyde  in  the  ore.  An 
addition  of  quicklime  counteracts  the  injurious  elTecl  of  too  much  maicislml,  by  ■lecom- 
posing  the  resulting  sulphate  of  copper.  Quicksilver  being  an  excellent  conductor  ol' 
heat,  when  introdaced  in  loo  great  quantities,  is  apt  to  cool  ihe  mass  loo  much,  aiid  thereby 
enfeebles  the  operation  of  the  deulo-chloride  of  copper  upon  the  silver. 

There  is  a  method  of'eximcling  silver  from  its  ores  by  what  is  called  imbibitim.  This 
is  exceedingly  simple,  cousisliag  in  depriving;,  he  far  as  possible,  the  silver  of  its  gangue, 
Iben  mHtIng  il  with  about  its  own  weight  of  lead.  The  alloy  thus  procured,  conlains 
from  30  to  35  ptr  ctst.  of  silver,  which  is  separvled  by  cDpellalion  on  the  great  scale,  as 
described  under  oresof  JeoJ.    In  this  way  the  silver  is  obtained  al  Kongsberg  in  Norway. 

The  amalgamation  works  at  Halsbrucke,  near  Freyberg,  for  ihe  treatment  of  silver  ores 
by  mercury,  have  been  justly  admired  as  a  model  of  arrangement,  convenirnee,  and  regu- 
larity; and  I  ihall  conclude  (his  subject  with  a  sketch  of  their  general  ditlribulion. 

fig.  lOOfi  presents  a  vertical  section  of  this  greal  winf  or  hUIImuvrk,  sabilividod  into 
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nftings  md  the  mQlmg.  •  The  third,  c,  d,  includes  the  UDalgunatioB  apaifment  ahofi^ 
and  the  wash-house  of  the  residuum  below.  And  in  the  fourth,  d,  x,  the  distilling  u^ 
paratus  is  placed,  where  the  amalgam  is  finally  delivered. 

Thus,  from  one  extremity  of  this  building  to  the  other,  the  workshops  follow  in  theoids 
of  the  processes ;  and  the  whole,  over  a  length  of  180  feet,  seems  to  he  a  natural  labon- 
tory,  through  which  the  materials  pass,  as  it  were  of  themselves,  from  their  crude  tothdr 
refined  condition  ;  so  skilfully  economized  and  methodical  are  the  labors  of  the  workran; 
such  are  the  regularity,  precision,  concert,  and  facility,  which  pervade  this  long  series  of 
combinations,  carriages,  movements,  and  metamorphoses  of  matter. 

Here  we  distinguish  the  following  objects : — 

1.  In  division  a,  b  ;  a,  a,  is  the  magazine  of  salt ;  6,  6,  is  the  hall  of  preparmlkw  of  Ik 
ores  ;  on  the  floor  of  which  they  are  sorted,  interst ratified,  and  mixed  ap  with  salt ;  e,c, 
are  the  roasting  furnaces ;  in  eaeh  of  which  we  see,  1,  the  fireplace ;  2, 3,  the  reverbetitoiy 
hearth,  divided  into  two  portions,  one  a  little  higher  than  the  other,  aad  more  distant  (am 
the  fireplace,  called  the  drier.  The  materials  to  be  calcined  fall  into  it,  throagfa  a  dus- 
ney  6.  The  other  part  2,  of  the  hearth,  is  the  calcining  area.  Above  the  furnace  sic 
chambers  of  sublimation  4,  5,  for  condensing  some  volatile  matters  which  escape  by  the 
opening  7.    e  is  the  main  chimney. 

2.  In  the  division  b,  c,  we  have  </,  the  floor  for  the  coarse  siAing ;  beneath,  that  fir 
the  fine  sieves ;  from  which  the  matiers  fall  into  the  hopper,  whence  they  pass  down  tof^ 
the  mill-house,  in  which  they  arc  ground  to  flour,  exactly  as  in  a  corn-mill,  and  are  aAer- 
wards  bolicil  lhroa?h  sieves,     p,/,  is  the  wheel  machinery  of  the  milL 

3.  The  compnrtment  c,  p,  is  the  amalgamation  work,  proi>er]y  speaking,  where  theeada 
are  seen  in  their  places.  The  washing  of  the  residuums  is  efl'eeted  in  the  shop  /,  bekiv. 
k,  k^  is  the  compartment  of  revolving  casks. 

4.  In  the  division  d,  e,  the  distillation  process  is  carried  on.  There  are  fbnr  simihr 
furnaces,  rcpiesented  in  different  states,  for  the  sake  of  illustration.  The  wooden  drawer 
is  seen  below,  supporting  the  cast-iron  basin,  in  which  the  tripod  with  its  candelabra  lor 
bearing  the  amalgam  saucers  is  placed.     9  is  a  store  chamber. 

At  B,  are  placed  the  pulleys  and  windlass  for  raising  the  roasted  ore,  to  be  sifted  asi 
ground ;  as  also  fur  raising  the  milled  flour,  to  be  transported  to  the  amalgamation  cadEk 
At  D,  the  crane  stands  for  raisine:  the  iron  bells  that  cover  the  amalgamation  candelabia. 

DetaiU  of  the  jimal^amation  ProrenSy  as  practind  at  Haltlfrucke.  —  AH  ores  which 
contain  more  than  7  lbs.  of  lead,  or  1  lb.  of  copper,  per  cent.,  are  excludc*d  from  tlui 
reviving  operation  (anqnickver/akren) ;  because  the  lead  would  render  the  amalgam  Toy 
impure,  and  the  copper  would  be  wasted.  They  arc  sorted  for  the  amalgamatioa,  is 
such  a  way  that  the  mixture  of  the  poorer  and  richer  oies  may  contain  7^,  or,  at  moil, 
8  loths  (of  ^  oz.  each)  of  silver  per  100  lbs.  The  most  usual  constituents  of  the  ora 
are,  sulphur,  silver,  antimonial  silver  (speisssrlanzsilber),  bismuth,  sulphurets  of  arwnie, 
of  copper,  iron,  lend  (nickel,  cobalt),  zinc,  with  several  earthy  minerals.  It  is  essential 
that  the  ores  to  be  amalgamated  shall  contain  a  certain  proportion  of  snlphur,  in  order 
that  they  may  decompose  enoush  of  son  salt  in  the  roasting  to  disengage  as  modi 
chlorine  as  to  convert  all  the  silver  present  into  a  chloride.  With  this  view,  ores  poor 
in  sulphur  are  mixed  with  those  that  are  richer,  to  make  up  a  determinate  average. 
The  ore-post  is  laid  upon  the  bcd-Jloor,  in  a  rectangular  heap,  about  17  ells  long,  and 
44  ells  broad  (13  yards  and  3});  and  upon  that  layer  the  requisite  quantity  of  salt  is  kt 
down  from  the  floor  above,  through  a  wooden  tunnel ;  40  cwts.  of  salt  being  aUotted  to 
400  cwts.  of  ore.  The  heap  being  made  up  with  alternate  strata  to  the  desired  magnitude, 
must  be  then  well  mixed,  and  formed  into  small  binsrs,  called  roaat-posts,  weighing  each 
from  3^  to  4i  cwts.  The  annual  consumption  of  salt  at  Halsbrueke  is  600O  cwts.;  it  is 
supplied  by  the  Prussian  salt-works. 

Roasiing,of  the  Amalgamation  Ores, —  The  furnaces  appropriated  to  the  roasting  of 
the  ore-posts  are  of  the  reverberntory  class,  provided  with  soot  chambers.  They  are 
built  up  alongside  of  the  bed-Jloor,  and  connected  with  it  by  a  brick  tnnneL  The 
prepared  ground  ore  (erzmehl)  is  spread  out  upon  the  hearth,  and  dried  with  incessant 
turning  over ;  then  the  fire  is  raised  so  as  to  kindle  the  sulphur,  and  keep  the  ore  redbot 
for  one  or  two  hours ;  during  which  time,  dense  white-gray  vapors  of  arsenic,  antimony, 
and  water,  are  exhalci.  The  desu I phu ration  next  begins,  with  the  appearance  of  a  blue 
flame.  This  continues  for  three  hours,  during  which  the  ignition  is  kept  up ;  and  the 
mass  is  diligently  turned  over,  in  order  to  present  new  surfaces,  and  to  prevent  aay 
caking.  Whenever  sulphurous  acid  ceases  to  be  formed,  the  finishing  calcination  is  to 
be  commenced  with  increased  firing ;  the  object  being  now  to  decompose  the  sea  salt  by 
means  of  the  metallic  sulphates  that  have  been  generated,  to  convert  them  into  chlorides, 
with  the  simultaneous  production  of  sulphate  of  soda.  The  stirring  is  to  be  continued 
till  the  proofs  taken  from  the  hearth  no  longer  betray  the  smell  of  sulphurous,  but  only 
of  muriatic  acid  gas.  This  roasting  stage  lasts  commonly  three  quarters  of  an  hour, 
13  or  14  furnaces  are  worked  at  the  same  time  at  Halsbrueke ;  and  each  turns  out  in  a 


SniYER.  1129 

iek  5  tons  npon  an  averaire.  Out  of  the  nidit  chambers  or  soot  vaults  of  the  famaees, 
Hn  96  to  100  cwts.  of  ore-dust  are  obtained,  containing  32  marcs  (16  lbs.)  of  silver. 
lis  dust  is  to  be  treated  like  unroasted  ore.  The/uel  of  the  first  fire  is  pitcoal ;  of  the 
lishing  one,  fir-wood.  Of  the  former  1 15(  cubic  feet,  and  of  the  latter,  294},  are,  upon 
i  average,  consumed  for  every  100  cwts.  of  ore. 

During  the  last  roasting,  the  ore  increases  in  bulk  by  one  fourth,  becomes  in  conse- 
lence  a  lighter  powder,  and  of  a  brown  color.  When  this  process  is  completed,  the  ore 
raked  out  upon  the  stone  pavement,  allowed  to  cool,  then  screened  in  close  sieve-boxes, 
order  to  separate  the  finer  powder  from  the  lumps.  These  are  to  be  bruised,  mixed 
ith  sea  salt,  and  subjected  to  another  calcination.  The  finer  powder  alone  is  taken  to 
B  millstones,  of  which  there  are  14  pairs  in  the  establishment.  The  stones  are  of  gra- 
te, and  make  from  100  to  120  revolutions  per  minute.  The  roasted  ore,  aAer  it  has 
MBd  throuiih  the  bolter  of  the  mill,  must  be  as  impalpable  as  the  finest  flour. 
Tfu  Amalgamation, — This  (the  verquicken)  is  performed  in  20  horizontal  casks, 
ranged  in  4  rows,  each  turning  upon  a  shaft  which  passes  through  its  axis ;  and  all 
iven  by  the  water-wheel  shown  in  the  middle  of  Jig.  1006.  The  casks  are  2  feet  10 
^hes  long,  2  feet  8  inches  wide,  inside  measure,  and  are  provided  with  iron  ends.  The 
ives  are  3J  inches  thick,  and  are  bound  together  with  iron  hoops.  They  have  a  double 
ng-hole,  one  formed  within  the  other,  secured  by  an  iron  plug  fastencNj  with  screws. 
ley  are  filled  by  means  of  a  wooden  spout  terminated  by  a  canvass  hose ;  through 
lieh  10  cwts.  of  the  bolted  ore-flour  (erzmehl)  are  introduced  ailer  3  cwts.  of  watei 
ve  been  poured  in.  To  this  mixture,  from  f  to  |  of  a  cwt.  of  pieces  of  iron,  1^  inch 
uure,  and  |  thick,  are  added.  When  these  pieces  get  dissolved,  they  are  replaced  by 
lers  from  time  to  time.  The  casks  being  two  thirds  full,  are  set  to  revolve  for  1|  or 
lours,  till  the  ore-powder  and  water  become  a  uniform  pap ;  when  5  ewts.  of  quids* 
rer  are  poured  into  each  of  them.  The  casks  being  again  made  tight,  are  put  in  gear 
th  the  driving  machinery,  and  kept  constantly  revolving  for  14  or  16  hours,  at  the  rate 
20  or  22  turns  in  the  minute.  During  this  time  they  are  twice  stopped  and  opened,  in 
ler  to  see  whether  the  pap  be  of  the  proper  consistence ;  for  if  too  thick,  the  globules 
quicksilver  do  not  readily  combine  with  the  particles  of  ore ;  and  if  too  thin,  they 
1  and  rest  at  the  bottom.  In  the  first  case,  some  water  must  be  added ;  in  the  second, 
ne  ore.  During  the  rotation,  the  temperature  rises,  so  that  even  in  winter  it  some- 
les  stands  so  high  as  104®  F. 

The  chemical  changes  which  occur  in  the  casks  are  the  following : — The  metallic 
brides  present  in  the  roasted  ore  are  decomposed  by  the  iron,  whence  results  muriate 
iron,  whilst  the  deutochloride  of  copper  i«  reduced  partly  to  protochloride,  and  partly 
metallic  copper,  which  throw  down  metallic  silver.  The  mercury  dissolves  the  silver, 
)per,  lead,  antimony,  into  a  complex  amalgam.  If  the  iron  is  not  present  in  sufficient 
antity,  or  if  it  has  not  been  worked  with  the  ore  long  enough  to  convert  the  copper 
itochloride  into  a  protochloride,  previously  to  the  addition  of  the  mercury,  more  or  less 
the  last  metal  will  be  wasted  by  its  conversion  into  protochloride  (calomel.)  The 
.ter  holds  in  solution  sulphate  of  soda,  undecomposed  sea  salt,  with  chlorides  of  iron, 
nganese,  &c. 

^8  soon  as  the  revivification  is  complete,  the  casks  must  be  filled  with  water,  set  to 
x>lve  slowly  (about  6  or  8  times  in  the  minute),  whereby  in  the  course  of  an  hour,  or 
liour  and  a  half  at  most,  a  great  part  of  the  amalgam  will  have  collected  at  the  bot- 
ft;  and  in  consequence  of  the  dilution,  the  portion  of  horn  silver  held  in  solution 
the  sea  salt  will  fall  down  and  be  decomposed.  Into  the  small  pluc  in  the  centre  of 
I  bung,  a  small  tube  with  a  stopcock  is  now  to  be  inserted,  to  dischargp  the  amalgam 

0  its  appropriate  chamber.  The  cock  must  be  stopped  whenever  the  brown  muddy 
iduum  begins  to  flow.  The  main  bung  being  then  opened,  the  remaining  contents 
the  casks  are  emptied  into  the  wash-tun,  while  the  pieces  of  iron  are  kept  back, 
e  residuary  ore  is  found  to  be  stripped  of  its  silver  withiv^,  or  J.  of  an  ounce  per 
t.  The  emptying  of  all  the  casks,  and  charging  them  airain,  takes  2  hoars ;  and  the 
lole  process  is  finished  within  18  or  20  hours ;  namely,  1  hour  for  charging,  14  to  16 
irs  for  amalgamating,  1}  hour  for  diluting,  1  hour  for  emptyinff.  In  14  days,  3200 
If.  of  ore  are  amalgamated.  For  working  100  cwts.  of  ore,  14|  lbs.  of  iroil,  and  2 
.  ]2t  ounces  of  mercury  are  required ;  whence,  for  every  pound  of  silver  obtained, 
5  of  an  ounce  of  mercury  are  consumed. 

rrials  have  been  made  to  conduct  the  amalgamation  process  in  iron  casks,  heated  to 
P  or  160°  Fahrenheit,  over  a  fire ;  but,  though  the  de-silvering  was  more  complete, 
loss  by  mercury  was  so  much  greater  as  to  more  than  counterbalance  that  advantage. 
rreatment  of  the  Amalgam, — It  is  first  received  in  a  moist  canvass  bag,  through 
ieh  the  thin  uncombined  quicksilver  spontaneously  passes.    The  bag  is  then  tied  up 

1  subjected  to  pressure.     Out  of  20  casks,  from  3  to  3^  cwts.  of  solid  amalgam  are  thus 
eared,  which  usually  consist  of  1  part  of  an  alloy,  containing  silver  of  12  or  13  loikt 

16),  and  6  parts  of  quicksilver.    The  foreign  metals  in  that  alloy  are,  copper,  lead, 
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r,  cobalt,  picke],  binnntli,  linc,  ineDie,  uid  i 

over  3  10  3  loth*  of  liWet  in  the  ewt. 

fif.  lOOT  rcpresenli  the  app&nMi  Tor  diitilliaR  tbe 

works;   marbeil  m  in  fig.  1006.    a  U  the  wooden  dnwcr,  slidJas  ia  groent*  nfm  if 

but! g;  B  'a  ma  open  Insin  or  bo  rf 

cut  iron,  laid  in  Ihe  wooden  dnasj  f 

it  a  kind  of  iron  enndelnfatn,  Hnalri 

npon  Ibur  hel,  nnd  »el  in  tbe  tiiiiaii 

under  d  are  five  di*he%  or  plaia  4 

wroncht  iron,  with  ■  bole  in  the  ««M 

of  eacfa,  wherebf  the;  are  fitttd  gpM 

the  Item  of  Ihe  cnndelabrn,  3  iidll 

•pnit,   each   plate    beinjt   inceesin^ 

imaller  than  the  one  below  it.    3  ii4 

cates  a  M>t-inni  bell,  ramtafaed  viik  i 

wronaht-iroa  rrame  and  booh,  for  nit- 

ini;  it  bj  means  of  a  pulley  awl  nl 

t  ia  a  theel-iron  door  for  c1ohb{  Ik 

ilawt,  whmever  the  b*l]  has  b*m  set  in  its  place. 

The  U>i  a,  and  the  basin  n  abore  it,  are  filtnl  with  water,  which  mntl  b«  eoBliinlt 
renewed,  Ihroueh  a  pipe  in  the  side  of  Ibe  wocden  bot,  m  that  the  iron  baxin  aajii 
kept  always  tubmerstd  and  cool.  The  drawer  n,  beinp;  pioperljr  placed,  and  the  phH 
nndcr  d  bein^  churned  with  bolls  of  amalEam  {weighinii  atuvelber  3  cwla.>,  the  Wl  I 
is  lo  be  let  down  into  Ihe  water,  as  al  y,  and  rested  npon  the  lower  pari  of  ibe  candeUBi 
Upon  Ihe  ledge  1,  which  detinct  lli?  boltam  of  the  Bre-placc,  ■  circular  plale  tt  inm't 
laid,  haTJng  a  hole  in  ila  middle  fur  Ihe  bell  to  pass  through.  Upon  Ihit  plate  chirsl' 
fir-wood  are  kindled,  then  the  door  >,  which  is  lined  with  clay,  is  closed  nnd  luted  ti^ 
Tie  Alel  is  now  placed  in  the  vacant  space  Ir,  round  the  npper  part  of  the  belL  The  in 
most  be  fed  in  most  Rradnnlly,  first  with  lurT,  thtn  with  charcoal ;  wheneTer  the  bell  fM 
red,  the  mercury  volatilizes,  and  condenses  in  ploboles  into  the  bollom  of  the  btrig  a 
At  the  end  of  ft  hours,  should  no  more  drops  of  mercury  be  heard  to  fall  into  tbr  aiM^ 
Ihe  Ere  is  slapped.  When  Ibe  bell  has  becotne  cool,  it  is  lined  ofi';  the  plktea  are  i^Mtl 
from  the  candelabra  d  t  and  this  being  taken  out,  the  drawer  a  is  alid  awaf  fnnn  Ibete' 
nace.  The  mercury  is  drained,  dried,  and  sent  again  into  the  iit"nlgainati<ia  wob 
The  silver  is  Chsed  and  refined  by  eupellation. 

The  solid  amslEam  which  is  distilled  in  Ihe  above  apparatus,  would  be  distilM  bm 
profitably  out  of  iron  Irays  set  in  the  mercurial  retorts  described  and  figured  ia  pif* 
815,  ei6. 

fWn  3  cwls.  of  amalgnm,  dislilleil  under  the  bell,  fnipi  !*5  to  100  marca  (}  Iha.)  rf 
tfHtr  silver  (di^h  silver)  are  pmcured,  eonlnining  Oim  10  to  131  parts  of  fine  silrs  ^ 
nt  16  j  one  fillh  part  of  the  metal  being  copper.  The  Itlltr  silver  is  lefinrd  in  qnaaiiia 
of  ISO  or  170  mares,  in  Unck-lead  crucibles  filled  wilhin  two  inches  of  their  brim,  od 
submitted  to  bri^k  ignition.  The  midlen  mass  exhales  some  vapors,  and  throws  ip  a 
liquid  slag,  which  being  skimmed  olT,  the  surface  is  to  be  strewed  over  with  cbaical 
powder,  and  covered  with  a'  lid.  The  heat  having  been  briskly  urged  for  a  abial  tiBe. 
the  charcoal  is  then  removed  alon;  with  any  fresh  slag  that  may  have  risen,  in  crdeilt 
observe  whether  the  vnpors  have  ceased.  If  not,  fresh  charroal  must  be  again  apiJiii 
the  crucible  must  be  covered,  and  the  heal  increastil,  till  fumes  are  no  longer  pradpcii 
and  the  surface  of  the  silver  becomes  tranquil.  Finally,  the  alloy,  which  contains  a  btdt 
gold  anil  uiueh  copper,  being  now  from  II  lo  13  lalhig  (that  is,  holding  from  tl  to  IJ 
parts  of  fine  silver  in  16  parts),  is  cast  inlo  iron  tnuulds,  in  ingots  of  60  inarca.  The  ka 
of  weight  by  evaporation  and  skimming  of  the  slag  amounts  lo  2  per  cent. ;  the  Ion  il 
silver  is  quite  inconsiderable 

The  dusi  from  Ihe  furnace  Uitgtii'fn)  is  collected  in  a  targe  condensation  chamheii' 
iLe  chimney,  nrd  aiTords  from  40  lo  50  msrcs  of  silver  per  cwl.  The  ahga  and  old  cn- 
Cibles  are  ground  nnd  sent  to  the  small  nmalgomslion  mill. 

The  earthy  residuum  of  the  amslEamaiion  casks  being  subnilled  to  a  aeeoitd  anal^ 
malion,  afiords  out  (.f  100  cwls.  about  2  lbs.  of  coarse  silver.  This  is  Srrt  fnxd  aliaf 
with  three  or  funr  per  cent,  of  a  inixlure  of  potashes  and  calcined  qnicksall  (ivi"" 
sulphate  of  soda),  and  then  rehnrd.  The  supernotant  liquor  that  is  drawn  out  of  Ik 
tanks  in  which  Ihe  contents  of  thr  rusks  are  nllowed  to  still e,  consisU  chiefly  of  n^Mt 
of  soda,  along  with  some  common  salt,  sulphates  of  iron  and  manganese,  ant' 
phosphate,  arscuiate,  and  fluate  of  soda.  The  earthy  deposile  contains  from 
of  a  lolh  of  silver  per  cwl.,  bat  no  economical  method  of  eitractiDg  Ihia  small 
baa  yet  been  contrived. 

The  arKeniiferous  or  ricA  ttad  is  treated  in  Germany  by  the  capellatioB  rnmace 
KStad  in  fig:   lOOR,  1009,   1010,  and  1011.      These  fignna  exbibil  the 
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rarnace  of  Ihe  principal  imeltiDg  irorlu  ia  the  Hutz,  where  the  fallowiiig  parli  mait  be 
■liBlinguiihed  i  (fig.  I010)j  J.  mB»onry  of  the  foundaliun  ;  2.  Sues  for  Ihe  escape  of 
moUlure  i  3.  Blone  coders  uf  Lbe  Auei ;  4.  bed  of  hard  tsmmed  uoriB ;  5.  biieki  set  od 
edge,  to  furin  the  permaneal  area  of  Ihe  rnrnace ;  6.  llie  Bole,  formed  of  wood  aibei, 
waihed,  dried,  and  bealea  down  ;  k,  dome  of  iron  plale,  moveable  by  s  crane,  and  BIU- 
ceptible  of  being  lined  two  inches  Ihieli  with  loam;  »,  n,  tuyere*  for  two  bellowi  »; 
having  valves  suspended  before  their  orifices  lo  break  and  spread  (he  blast;  ;,  door  for 
iDUodiieiiig  into  the  furnace  ihe  charge  of  lead,  equal  lo  S4  quintals  at  a  time;  t,^!^. 


1011 


1011,  two  bellow*,  like  those  of  aBmilh's  form;  y,  door  of  Ihe  fireplace,  Ibrongh  which 
' '■■  -      -        ■  ■  "  aperture  or  door,  for  giving  issue  to  the 

frotby  Kum  of  the  cupellation,  and 
the  lilbarge;  z,  basin  of  rafetf, 
nsaalljr  covered  with  a  stone  BlBb,ovei 
which  the  litharge  falls;  in  case  of 
accident  Ihe  basin  ii  laid  open  lo  ad- 
nil  tbe  rich  ttad. 

The  following  is  Ihe  mode  of  con- 
dueling  tbe  eupellaiion.  Belbre  pat- 
ting Ihe  lead  into  Ihe  furnace,  a  nooi 
is  made  in  ii  of  athes  best  carefallT 
_  down  (see  6,  JIf.  1010) ;  and  there  is 
"  left  in  Ihe  centre  of  Ibis  fioor  a  cireolu 
Ipnee,  somewhal  lower  Ihan  the  re<l  of  Ihe  hearth,  where  the  rilTcr  ougbt  to  gather  u 
the  endoflheoiiemiioi      Ihp  cupet  is  folljr  tix  feel  in  diameter. 

:        'n   forming   Ihe   floor  of  a   enpel, 
■~(  35     cubic    feet     of     washed     wood 
ashes,    nguall)'    got    from    the    soap 
works,    are     employed.      The     pre- 
paration of  the  floor  requires  two  and 
a  half  bours*  Work ;  and  when  it  i* 
completed,  and  the  moveable  dome  of 
iron    plate     has    been    lined     with 
loam,    84    quintals    (ewts.)    of   lead 
are  laid    on    the    floor,  42   quinUb 
being    placed    in    the    part    of    the 
ftaraaee    farthest   ftom    the    bellows, 
and    42  near  to  Ihe  flre-bridgn;   lo 
these,    scoria*    containing    lead    and 
silver   are    added,  in   order    to  loM 
nothing.    The  moveable  lid  ts  now  luled  on  the  farnace,  and  heat  is  slowly  applied  in  the 
flrcplace,  by  burniag  fagots  of  fir- wood,  which  is  gradaally  raised.    Section  1010  is  in  the 
line  c,  D,  of  1009. 

At  Ihe  end  of  three  hours,  the  whole  lead  being  melted,  the  instant  ia  watched  for 
when  no  more  ebullition  can  be  perceived  on  the  sDrRice  of  Ihe  balh  or  melted  melali 
then,  bul  not  sooner,  the  bellows  are  set  a  playing  on  the  snrftce  al  the  rale  of  4  or  S 
strokes  per  minute,  to  favor  the  oiydiiemenl. 

In  five  hoors,  reckoned  from  the  commencement  of  the  process,  the  Gre  ia  imaitlT 
laiaed ;  when  a  grayish  froth  (abalrich)  is  made  to  isnie  tiim  lbe  small  aperture  x  <£ 
the  furnace.  This  is  found  to  be  a  brittle  mixture  of  oxjdiied  metal*  and  imparities. 
The  workman  now  glides  the  rake  over  the  surface  of  (ke  bath,  lo  as  lo  draw  the  fttilb 
««[  of  the  furnace ;  and,  as  it  issues,  powdered  charcoal  is  strewed  upon  it,  at  (he  aptttw* 
z,  to  eaoae  ill  eoagnlatioii.    The  ftoth  iltimmii^  butt  for  about  an  hour  and  a  half. 
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After  this  time,  the  litharge  begins  to  form,  and  it  is  also  let  off  liy  the  BmaU  opeuig 
«;  its  issue  being  aided  by  a  hook.  In  proportion  as  the  floor  of  the  furnace  get8i»> 
pregnated  "with  litharge,  the  workman  digs  in  it  a  gutter  (or  the  escape  of  the  liqsii 
litharge ;  it  falls  in  front  of  the  small  aperture,  and  concretes  in  etalacUtic  ibnns. 

By  means  of  the  two  moveable  valves  suspended  before  the  tuyeres  «,  n,  iji%,  1010), 
the  workman  can  direct  the  blast  as  he  will  over  the  surface  of  the  metaL  Tlie  wisi 
should  be  made  to  cause  a  slipht  cuil  on  the  liquid,  so  as  to  produce  circular  midfl- 
lations,  and  gradually  propel  a  portion  of  the  litharge  generated  towards  the  edgfs  of 
the  cupel,  and  allow  this  to  retain  its  shape  till  the  end  of  the  operation.  The  stma 
of  air  should  drive  the  greater  part  of  the  litharge  towaids  the  snoall  opening  x,  vben 
the  workman  deepens  the  outlet  for  it,  in  proportion  as  the  \ty€\.  of  the  metal  bath  d^ 
scends,  and  the  bottom  of  the  floor  rises  by  the  apposition  of  the  litharge  formed.  Li- 
tharge is  thus  obtained  during  about  12  hours ;  after  which  period  the  cake  of  silver  b^ 
gins  to  take  shape  in  the  centre  of  the  cupel. 

Towards  the  end  of  the  operation,  when  no  more  than  foar  additional  qnintakcf 
litharge  can  be  looked  for,  and  when  it  forms  solely  in  the  neighborhood  of  the  silm 
cake  in  the  middle  of  the  floor,  great  care  must  be  taken  to  set  apart  the  latter  portioiu^ 
because  they  contain  silver.  About  this  period,  the  fire  is  increased,  and  the  workxcn 
places  before  the  little  opening  x  a  brick,  to  serve  as  a  mound  to  the  efflux  of  litham. 
The  use  of  this  brick  is, — J.  to  hinder  the  escape  of  the  silver  in  case  of  any  accideBt: 
for  example,  should  an  explosion  take  place  in  the  furnace ;  2.  to  reserve  a  magazine  tf 
litharge,  should  that  still  circulating  round  the  silver  cake  be  suddenly  abMirbeid  by  tke 
cupel,  for  in  this  dilemma  the  litharge  must  be  raked  back  on  the  silTer;  3.  to  prevat 
the  escape  of  the  water  that  must  be  thrown  on  the  silver  at  the  end  of  the  process. 

When  the  argentiferous  litharge,  collected  in  the  above  small  ma$raxine,  is  to  be  r^ 
moved,  it  is  let  out  in  the  form  of  a  jet,  by  the  dexterous  use  of  the  iron  hook. 

Lastly,  after  20  hours,  the  silver  cake  is  seen  to  be  well  formed,  and  nearly  circakr. 
The  moment  for  stopping  the  fire  and  the  bellows  is  indicated  by  the  sndden  disappetF 
ance  of  the  colored  particles  of  oxyde  of  lead,  which,  in  the  latter  moments  of  oxydatjoi, 
nndalate  with  extreme  rapidity  over  the  slightly  convex  surface  of  the  silver  bath,  mol- 
ing from  the  centre  to  the  circumference.  The  phenomenon  of  their  total  disappeaiaace 
\b  called  the  lighiningy  or  fulguration.  Whenever  this  occurs,  the  plate  of  silver  beiig 
perfectly  clean,  there  is  introduced  into  the  furnace,  by  the  door  q,  a  wooden  spout,  akag 
which  water,  previously  heated,  is  carefully  poured  on  the  silver. 

The  cupellation  of  84  quintals  of  argentiferous  lead  takes  in  general  18  or  20  hovn' 
working.  The  promptitude  of  the  operation  depends  on  the  degree  of  purity  of  Ik 
leads  employed,  and  on  the  address  of  the  operator,  with  whom  also  lies  the  ecoBoay 
of  fuel.  A  good  workman  completes  the  cupellation  of  84  quintals  with  300  billeti, 
each  equivalent  to  a  cubic  foot  and  eieht  tenths  of  wood  (Hnrtz  measure)  ;  others  con- 
sume 400  billets,  or  more.  In  general,  the  cupellati(»n  of  100  quintals  of  lead,  execotei 
at  the  rate  of  84  quintal  charges,  occasions  a  consumption  of  790  cabic  feet  of 
wood  billets. 

The  products  of  the  charge  are  as  follows  : — 

1.  Silver,  holding  in  100  marcs,  7  marcs  and  3  loths  of  alloy  •        24  to  30 

2.  Pure  litharge,  containing  from  88  to  90  per  cent,  of  lead    -        50-60  qninHk 

3.  Impure  litharge,  holding  a  little  silver  •  -        -  2  -     6      — 

4.  Skimmings  of  the  cupellation  -  -  --  4-8      — 

5.  Floor  of  the  furnace  impregnated  with  litharge  -        -        22  -  30      — 


Note. — The  marc  is  7  oz.  2  dwis.  4  gr.  Englith  troy;  and  the  loth  is  half  m 

16  lotht  make  a  marc,     100  pounds  Cologne  are  equal  to  103  poundi  avoirdrnpoit ;  and  Ac 
above  quintal  contains  116  Cologne  pounds. 

The  loss  of  lead  inevitable  by  this  operation,  is  estimated  at  4  parts  in  100.  It  has 
been  diminished  as  much  as  possible  in  the  Frankenscham  works  of  the  Hartz,  by  lead- 
ing the  smoke  into  long  flues,  where  the  lead  fumes  are  condensed  into  a  metallic  soot 
The  silver  cake  receives  a  final  purification  at  the  Mint,  in  a  cupel  on  a  smaller  scale. 

From  numerous  experiments  in  the  great  way,  it  has  been  found  that  not  more  thai 
100  quintals  of  lead  can  be  profitably  cupelled  at  one  operation,  however  larire  tbt 
furnace,  and  however  powerful  and  multiplied  the  bellows  and  tuyeres  may  be;  for  the 
loss  on  either  the  lead  or  the  silver,  or  on  both,  would  be  increased.  In  one  attempt, 
no  less  than  500  quintals  were  acted  on,  in  a  furnace  with  two  fireplaces,  and  fimr 
escapes  for  the  litharge ;  but  the  silver  remained  disseminated  through  the  lead,  and  the 
lightning  could  not  be  brought  on.    The  chief  object  in  view  was  economy  of  fuel. 

Reduction  of  the  Litharge, — This  is  executed  in  a  slag-hearth,  with  the  aid  of  wnod 
charcoal. 

Sach  is  the  train  of  operations  by  which  the  cupriferous  galena  «cft/tcfc,  or  gnmnd  on 
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ft'ndDced,  U  tlie  dinriet  of  Claualhnl,  inio  lead,  copper,  and  lilver.    The  works  of 
Tmnkentcharn  have  a  fronl  fully  400  feet  lan^. 

Fif.  101 1,  eihibils  the  plan  aar]  elevaliun  of  Ihese  «mellm9-work!i,  near  CUuilbal,  in 
tbe  Harti,  Tit  lead  ores  conlaloing  copper  and  silver,  wlirre  about  84,000  cwls.  edchlich 

Siivfr-tmclling  Worlu  of  Frankttischiini, 


(each  of  123  Colaifne  pounds)  are  (reeled  erery  year.  This  qoanlity  n  the  prodace  of 
Ihinv  diatiael  oiiaeg,  as  alw  of  nearly  as  many  itamp  and  prcparalioa  works.  All  theie 
Afferenl  iMicki,  which  belong  to  so  tpanj  differenl  joinl-sloek  companies,  are  confound- 
■d  knd  worked  up  tocelher  in  Ihe  same  series  of  raetaltutgic  oppralionsi  the  resulting 
■liilnre  being  cunsidereil  as  one  and  the  same  are  belonging  to  a  stny;le  nnderlaking ;  but 
Im  rirlne  of  the  order  which  prevails  in  Ihis  royal  establishmenl,  Ihe  rights  of  each  of  the 
Bompaiiies,  and  cansequenlly  of  each  shareholder,  arc  equitably  re^niated.  A  ficorons 
control  is  exercised  between  Ihe  mines  and  the  stamps,  as  also  between  the  stamps  and 
Ihe  snettins-huuses :  while  the  cost  of  the  inetallurEic  operations  is  placed  under  Ihe  offi- 
cers of  the  crown,  and  dislnbuud,  upon  jusi  principles,  ainon^  the  several  miues,  ac- 
eorHinsf  lo  the  quantities  of  metal  furnished  by  each. 

From  Ihese  arrnnBf  mcnis,  the  following  important  adrantaRes  flow : — 

1.  The  poor  ores  may  he  smelted  with  profll,  without  palline  the  companies  to  auf 
liak  or  eipcnse  in  the  erection  of  new  works;  2,  by  the  tniiture  of  many  different  ores, 
the  unelling  and  melHlIic  product  become  mare  cosy  and  abundant ;  3,  the  train  of  Ihe 
•perations  is  conilncted  with  all  the  lighla  and  resources  of  science  ;  and  4,  Ihe  amount 
(iT  metal  b'Ou)[ht  into  the  market  is  not  subject  to  such  Siictaattons  as  might  prove  inja- 
'    noas  to  their  sale. 

The  following  is  the  series  of  opeiations  i — 

I.  The  Tusion  of  the  schlich  (slod^e)  -.  2,  the  roasting  ol  the  mattes  ander  a  shad,  and 
their  treatment  by  four  soecessire  re-meltinga  ;  3,  the  Ireatmeul  of  Ihe  resulting  black 
Oopper )  4,  Ihe  liqnation ;  5,  the  re-liquotion  (ruiuag<} ;  6,  Ihe  refining  of  the  copper  ; 
7,  the  cupellation  of  Ihe  silver  i  S,  the  reduction  of  the  litharge  into  lead.  The  5th  and 
6lb  processes  are  carried  oa  oI  Ihe  smelting  works  oTAltenau. 

The  buildinis  are  shown  at  *,  a,  c,  and  the  impelling  atreoin  of  water  at  d;  the  npper 
figure  being  Ihe  elevation  ;  the  lower,  the  plan  of  the  works. 

a,  is  Ihe  melting  furnace,  with  a  cylinder  bellows  behind  it ;  6,  c,  d,  lUmaces  similar 

W  the  preceding,  with  wooden  bellows,  such  as  fig.  1013 ;  r,  is  a  furTiBce  for  the  *am« 

purpose,  with  three  luyiires,  and 

^^k  ■  cylinder  bellowni/,  Ihe  larga 


fumnce  of  ftiaion,  also  with  three 
tojfcres;  g,  a  furnace  with  seven 
luyiires,  now  seldom  used  ;  A,  low 
furnaces,  like  Ihe  English  slag- 
hrBiths,  (ftntmino/cn, )  employed 
for  working  tbe  last  matlu ;  k, 
ilag-hearths  fur  reducing  Ihe  li- 
nt, Ihe  area  of  the  tiqua- 
p,  cupellation  fUmaees. 
,  .,  ■  floor  which  lepaimM 
the  principal  tmelliog-houie  iat» 
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two  ttorie*;  Ihe  malcriali  aeslined  foi  chai^Dg  the  fnniaecs  being  deponud  in  tall 
npoD  the  Dppcr  floor,  lo  vhirh  ihe;  are  nnitd  bj  nicani  at  two  iBcliaed  ptauct,  Utn 
ccd  in  front  of  the  rnife  af  buildings. 

Here  89,600  qoinlils  of  Kbiich  are  annaall)^  onetted,  vhieh  flmiib — 
Maikeuble  lead,        ......    aofiOI  qofqlak. 

Markelab[f  litharge,  containing  90  per  ceaL  of  lead,       -  TfiiS 

Silver,  about  ......  £7 

Copper,  (finally  purified  in  the  worlu  of  Ahenan,)  -  39 

Total  produci,  -  .  .    S8,a64 

Thi>  trritibl  amounis  to  one  twenly-tmb  of  the  weight  of  ore  r«ited  lor  the  acrrieeeflb 
eslablifhnient.  KtL'bl  parts  rif  ore  furnisb,  on  an  averace,  about  one  of  aUiitcb. 
belloiFS  are  conKliiirlcd  wholly  ofvuoil,  wilhoul  any  li-alhcr;  an  improTcmcnl  niaii 
a  bishop  of  Banibtri',  ubiinl  the  vear  liiSO.  At\cr  recvivinf;  dillerrni  DMMlilieatnai,  Ac; 
were  adopted,  totrardi;  )7!I0,  in  alnio»t  all  (be  smell inp-wotks  iif  the  conlineni,  clceplii 
a  few  places,  a«  Cornioln,  whore  local  circumstances  prrniitied  a  walet  bknrintMBadiM 
lo  be  erecleit.  These  pyramidal  ibnpett  belkivs,  Ci>n]posc<l  of  movcnble  woudea  boB^ 
have,  boweier,  niany  i[nj>crfcctions  i  their  size  must  oneo  be  ineonvenicDlly  lar^,  ■ 
order  to  furnish  an  adeijuate  slream  of  air;  ihry  do  not  drive  into  Ihe  furnace  all  tkeM 
which  they  contain;  Ibey  require  fieqoeut  repairs;  and,  working  wjlh  great  frictioi, 
they  waste  much  mechanical  power. 

fig.  1014,  represents  sucb  wooden  bellows,  consislini:  of  two  chests  or  boiei  Gtlid 
into  each  otbcrj  the  upper  or  moving  one  being  called  the  Jly,  the  lower  or  fiied 
the  )m(,  (gilr.)  In  the  botU 
the  gill,  there  ia  an  (xiGcefonak 
rd  with  a  claek-valre  d,  op«_, 
inwards  when  tbejty  bruMd,Ml 
shutiinK  when  it  falla.  Ia  sAf 
that  Ibe  air  iDclnded  in  iheeafM. 
ty  of  the  two  cbeatn  tuy  hare  H 
other  outlet  than  the  noae-f^i^ 
the  upperportion  of  tbefilt  apt- 
Tided  at  iti  foar  aides  with  hmI 
square  ilip«  oTwood,  e,  t,  t,  wkid 
are  prened  afcminst  tba  tideitf  te 


jIl  by  Btrooji  spring*  of  ir ^ 

b,b,b,  while  they  are  retained  upon  the  gilt  by  means  of  small  square  pieee*  of  wool,  t, 
a,  a,  a.  The  latter  a,  a,  are  perforated  in  the  centre,  and  adjuated  npon  rectanfalu 
stems,  called  b%clielle>i  they  are  attached,  at  their  lower  ends,  to  Ihe  upright  rides  of  Ite 
gitt  a.  p,  is  the  driving-sha(\  ofa  water-wheel,  which,  by  meana  of  came  or  ta[>pefi,d^ 
presaes  the  fly,  while  the  counterweight  9,  fig.  1013,  raises  It  again. 

Figt.  lOIS,  lOlti,  1017,  lOie,  represent  the  moderately  hi^th  (demtAoB/*,  oti^-tk^ 
furnaces  employed  in  Ihe  works  of  Ihe  lower  Hartz,  near  Gostar,  for  saelling  ibeiihaT 
lead  ores  extracted  from  the  mine  of  Rammelabenr.     See  its  section  ia  fig,  737. 

Fig.  1019,  is  Ihe  front  elevation  of  the  twin  furnaces,  built  in  one  bodj  of  muaarj; 
Jig.  1016,  is  a  plan  taken  at  the  level  of  the  tuyeres,  in  the  line  v,  I,  6,  oCfig.  I'lT) 

J015  Jig*-  '017  «Dd  WIB,  tdt 

Ul  two  TCTtieal  lectiNii 
the  fbnner  in  the  tine  1,1^ 
Ibe  latter  ia  the  tine  c,  i^ 
of^g.  tOie.  In  lbe«  ft* 
figures  the  following  sb- 
jecls  maj'  be  Jislingqahtdi 
I,  b,c,d,m  bakoBT  1 
pfalTonn  whiefa  leadi  K 
(he  place  of  charging, a; 
(/,woodeii  staiiB,  l^whiA 
the  charging  wuthmw 
noant  ftoin  the  gnniadM 
of  the  woils,  u>  Ihe  i«i>- 
fwm  i  g,  h,  btick-woifc  of 
the  fnnuteei;  t,  k,  wall 
of  the  anielting-wnii% 
•gainst    which    they  are 


t,(or 


s  the  blHt  (tXtn 


of  Ihe  Ind,  >  little 
meultic  zinc  OMj  ran  together 
in  B  sloping  gaiter,  wen  in 
^f.  lOOt,  foniiBi  of  lUtet  e«- 
mcnlpd  together  Vjlhclsy. 

In^g).  1015  and  lOlT,  l,s, 
is  the  brick-work  of  the  fonii' 
dslionsj   m,  condaiu  (called 
evaporaloryjTur  the  exhalation 
or  the  moisture;  4,  a  lafer  of 
slags,  rammed  above  g  6,  a  bed 
of  clay,   ramnied    above   the 
ring!;  G,  a  braaqne,  composed 
parti  of  ground  charcoal,  which  forms  the  wile  of  the  furnace. 
tnSAterd,  of  Frederick shiltte,  near  Tarnowiti,  in 
Upper  Silesia,  ia  represented  in  fig:  1019 
and  1020.     0,  ii  Ihe  bollam,  made  of  slag 
0[  cinders;  h,  the  foundation  of  fire-bricks ; 
c,  the  bodf  of  the  hearth  proper,  composed 
(^  R  miitnre  of  T  parts  of  doWile,  and  1 
of  Gre-cls]',  in  bulk ;  d,  the  grate  of  Ihe  air 
fnmaee;  t,  the  flre-bridgej  /,  Ibe  dome  or 
cap,  made  of  iron  plate  tUengthened  with 
bars,  and  lineil  with  elaj-lale,  to  ploteat 
Ihe  metal  from  bnminf ;  g,  the  door  of  the 
fireplace;  1,  Ihe  ash-pit;  i,  the  tai^lej 
k,  k,  the  fine,  which  is  diiided  bf  partitinu 
into  several  channels;  I,  the  chimnejr;  wt, 
a  damper-plate  for  r^uUting  the  draoght ; 
n,  a  beck  valve,  for  admitting  air  to  coal 
the  furnace,  and  brashes  to  sweep  the  Buet ; 
e,  fuglrt  of  copper,  which  by  meant  of  an 
Iron  wedge  maf  be  sloped  more  or  lest  to- 
wards the  hearth ;  p,  the  nAaepptr,  a  round 
piece  of  sheet  iron,  hnng  before  the  <]■■  of  the 
tni/iTt,  to  break  and  spread  Ihe  blast;  ;,  the 
outlet  for  the  glass;  tithai^e. 

Lime-marl  has  been  foond  lo  answer  veUfiw 
making  the  body  of  the  hearth-sole,  as  it  ab- 
sorbs the  vitrified  litharge  freely,  withont  com- 
bining vrith  it.  A  basin-shaped  hallow  is  form- 
ed in  the  centre,  Ibr  receiving  the  silver  at  the 
end  of  the  proces* ;  and  a  RQIIer  is  made  acron 
the  hmrth  for  canning  off  the  glitu  or  flnid 
lilhar^i;. 
1032,  represent   the  eliquaiion  hearth  d  NetuUdt. 

lion;  ^g.  1022,  is  a  front  Tiew;  and  Jig.  1023, 

It  is  farmed  by  two  walls  o,  a,  3t  reel  high, 
1  foot  apart,  sloped  afS  at  loii  with  iron  plates,  thrsa 
inches  thick,  and 
16  jnehea  broad, 
called  taigtri-diaT- 
Ica,  or  refining 
plates,  b,  b,  inclin- 
ed three  inches  to. 
wards  each  other 
in  the  middle,  so  as 
to  leave  at  the  low- 
est point  a  slit  two 
and  a  half  inches 
wide  bet  ween  them, 
through  which  the 
lead,  u  It  sweMa 
out  br  the  heu,  ii 
•Uowed  to  fiUl  ial» 


the  Bp«c»  bftwfen  the  iwo  wslU  c,  eillEtJ  the  uign^aiM,  (bwmUhb  fntter.)  The  mint 
this  channel  slope;  down  lowardg  the  rront,  so  Ihal  the  Itquefied  mctij  may  IHD  <d'  iiU 

y-  -       -  — a  crocible  (K  pot.    C^ 

OD  ODC  of  the  long  iHa, 
■ad  each  of  Ute  ihortB 
ooeli,  oT  the  heailli,  Ik 

tvo  red  high,  ud  i^ 
Ibe  lifUdH 


lanpa   rati    njna  Ik 

other  lon«  tide,  vhcn 

then  1*  no  wall,  then 

lo    the    beartb.     Tk 

openioKB  are  then  ihri 

with    a    iheel   or  cm 

iron  plate  r,  wh]Fh,  h 

Ipv,  and  FODTilenrciflt. 

t  thp  reGniac  fiirnoccs  of  F^Id^ 

cubic  feci  of  pil-ciinl  are  rc<|iiired.    The  1 
silver  and  soli  li'nJ  nre  put  into  it. 
At  Ihese  smeliing-hoDMS,  from  ISO 
1022 


rickshfitle  by  Tarnovili ;  a,  is  the  fire  ... 
door  for  inlrodaeinE  Ihe  silver ;  rf,  the  moieable  lest,  mlinf;  upM 
>  couple  of  iron  rods  t,  t,  which  are  lei  at  Ihefl-  rnda  into  Ik 
brick-work.  They  lie  lower  Ihsn  would  term  to  be  necnmoi 
but  this  i*  done  in  order  lo  be  able  to  pince  Ihe  snTfaee  oT  Ik 
leal  Bl  any  desired  level,  by  plncing  tiles/,/,  under  it ;  f,  Ihe  tut, 
leading  to  a  chimney  1»  feel  hiih.  For  the  refinine  uf  100  iBuIn 
ofMicfctiJkr,  ofiheflnuneuoriSt  Eotht  (half  ounces)  per  eTt,3 


ie  healed  before  the  ii 


10  cwts.  of  very  pare  irorfcoUt  t*ad  <lead  «» 


taining  merely  a  liltle  silver)  are  pal  into  Ihe  fiirnace  >1  once,  and  IVam  10  lo  M  n 
mn  (^  in  vitrified  oxvde  I  the  remainder  is  (hen  refined  with  nme  pur«  lead,  whea 
alloy  eonlBJning  from  14)  lo  IS)  laths  of  blicltsilber  per  cwt.  is  obtained. 




1 

*. 

II 

Eit^ith  Ttfininf  /smacu.— The  refininn  of  lead  is  well  performed  in  Mnne  worin  ii 
the  neighborhood  of  Alslon-moor,  in  rtverberalory  fiunacea,  figt.  1026  and  1027,  what 
fireplnce  is  22  inches  square,  and  is  separated  from  the  sole  by  a  fire-bridge,  14  iochei 
in  breadth.  The  flame,  after  having  passed  over  the  surfaee  of  Ihe  lead  in  the  eopel,  ea- 
ters two  flues  t,  (,  on  the  opposile  side  of  Ihe  f\irnaee,  which  terminat*  in  a  chiniBer  ^i, 
i,i,  40feet  lii?h.  At  the  boliomof  the  chimney  are  openings />/,  Tor  taking;  oat  the  ne- 
laltic  dust  deposited  wilhin.     These  openingi  are  shut  durinjc  the  process. 

The  cupel  or  test,  which  conititutes,  in  fact,  Ihe  sole  of  the  hearth  in  which  It* 
operation  takei  place,  ii  movetble.     It  coniistt  of  a  vertical  elliptical  Ting  of  in^ 


B,  C,  ■,  «■)    ■«    filtd  Bl 

bottom,  which  are 
■Ik  3|  inchn  broad, 
and  aa  inch  Ihiclc, 
Tbe  Ant  of  IhcK  ban 
is  placed  9  inchea 
frDU)  the  ead  of  the 
elliptic  riniE  Dearen 
the  fi[e[dac«,  uul 
the  three  otben  are 
eqaallr  diKribntEd  be- 
tween thii  bar  and  the 
back  Old. 

In  formiag  the 
npri,  Beveml  lajren 
of  a  miilnre  of  trangt- 
ened  bone  ashei,  and 
fern  aihei,  in  very 
floe  powder,  are  pal 
two  the  lal-/ntmt. 
The   bone    ash    eon- 

of  the  hoik  of  At 
raiilniv,  according 
to  the  poritT  of  the 
fern  ashes  employed,  esllmaled  bf  the  proportion  of  potuh  ihejr  contain,  which  has  the  - 
pitfpert]'  oT  semi-vilHfying  the  powder  tj' burnt  bonea,  oTthat  mooTiBg  its  friahililj,  a«d 


1.  'A-  j- 


rcsdering  it  more  dnraUe.  The  layen  oT  ashes  are  strong  j  bea  down  il]  he  fnme  ii 
eatirrly  filled.  The  mass  thus  formed  is  then  hoi  owed  on  by  meana  of  a  He  apade, 
made  on  purpose,  till  it  it  only  three  quarters  of  an  inch  thick  above  the  iron  hart  near 
the  centre  of  the  bottom.  A  flange,  2  iachea  broad,  is  made  at  the  upper  part,  and  SI 
iachei  at  (be  lower  part,  Pieept  on  the  IWmt  or  brtail,  which  is  0  inches  thick.  In  thi* 
aalerior  part,  there  il  hollowed  out  an  opening  of  an  inch  and  a  quarter  broad,  and  6 
ioehes  long,  with  which  the  outlet  or  gofnn^  of  the  litharge  communicates. 

The  cupel  thus  prepared  is  placed  in  the  refining  IWuaec.  It  rests  in  an  iron  ring  built 
Into  the  brickwork.  The  arehedroof  of  the  furnace  is  12  inches  above  the  cupel  near  the 
Cre-bridge,  and  9  inches  near  the  flue  «[  the  other  end. 

The  tuyireis  placed  in  the  back  of  the  furnace,  opposite  to  the  tide  at  which  the  litharft 
it  allowed  to  overflow. 

Opening  g,  g,  are  IcA  at  the  sides  of  each  capel,  either  for  running  off  or  for  intm- 
4lMiBg  melted  lead. 

Stfiiiing  o/Uad  Utatnet  >tt  tibtr.— This  opoi  lion,  which  the  lead  of  Derbyshire  can- 
Mi  be  sabmitled  to  with  advantage,  is  peiAnned  in  a  certain  ntunber  of  the  tmettinf- 
koiises  at  Alston-nom,  and  always  npon  leads  rednced  in  the  Sootch  fnraace. 

The  cupel  ramace  above  detcribcd  mutt  be  slowly  heated,  in  order  to  dry  the  cupel 
withoBl  causing  it  to  crack,  which  would  infallibly  be  produced  by  sudden  evaporation 
tt  the  moisture  in  iL  When  il  has  been  thus  slowly  brought  to  the  verge  of  a  red 
keal,  it  is  almost  completely  filled  with  lead  previonaty  melted  in  an  iron  pot.  The 
cupel  may  be  charied  with  about  S  cwls.  At  the  temperature  at  whicn  the  lead  is  in< 
traduced,  it  is  immediately  covered  with  a  gray  petljele  of  oiyde ;  but  when  the  heat  of 
the  fuinace  has  been  progressiTcly  raised  to  the  proper  pitch,  -t  becomes  whitish-red, 
aod  has  its  sarface  covered  over  with  litharge.  Now  is  the  lime  to  set  in  action  the 
Uowinn-machine,  the  blast  of  which,  impelled  in  the  direction  of  the  great  axis  of  the 
rnpel,  drive*  the  litharge  lowntdt  the  briatt  of  the  cupel,  and  makes  il  flow  out  by  the 
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way  prepared  for  it,  thitragh  which  it  falls  upon  a  cast-iron  pkte,  on  m  level  vidi  (hf 
floor  of  the  apartment,  and  is  dispersed  into  tears.  It  is  carried  in  this  state  to  the  i«' 
nace  of  redaction,  and  revived.  As  by  the  effect  of  the  continual  oxydization  which  it 
undergoes,  the  surface  of  the  metal  necessarily  falls  below  the  level  of  the  gateway  of 
the  litharge,  melted  lead  must  be  added  anew  by  ladling  it  into  the  furnace  from  the 
iron  boiler,  as  occasion  may  require.  The  operation  is  carried  on  in  thk  manner  till 
84  cwts.  or  4  Newcastle /ojt/ers  of  lead  have  been  introduced,  which  takes  from  16  to  18 
hours,  if  the  tuyere  has  been  properly  set.  The  whole  quantity  of  silver  which  thii 
mass  of  lead  contains,  is  left  in  combination  with  about  1  cwt.  of  lead,  whichi  under  the 
name  of  rich  lead,  is  taken  out  of  the  cupel. 

When  a  sufficient  number  of  these  pieces  of  rich  lead  have  been  procured,  to  tint  bf 
their  respective  quality,  as  determined  by  assaying,  they  contain  in  whole  from  1000  to 
2000  ounces  of  silver,  they  are  re-melted  to  extract  their  silver,  in  the  same  furnace,  bol 
in  a  cupel  which  differs  from  the  former  in  having  at  its  bottom  a  depression  capable  of 
receiving  at  the  end  of  the  process  the  cake  of  silver.  In  this  case  a  portion  of  the  hot* 
torn  remains  uncovered,  on  which  the  scoric  may  be  pushed  aside  with  a  little  rake,inni 
the  edges  of  the  silver. 

The  experiments  of  MM.  Lucas  and  Gay  Lussac  have  proved  that  fine  silver,  ezpoiel 
to  the  air  in  a  state  of  fusion,  absorbs  oxygen  gas,  and  gives  it  out  again  in  the  set  of 
consolidation.  The  quantity  of  oxygen  thus  absorbed  may  amount  to  twenty-two  timcf 
the  volume  of  the  silver.  The  following  phenomena  are  ohserved  when  the  massof  metil 
is  considerable ;  for  example,  from  40  to  50  pounds. 

The  solidification  commences  at  the  edges,  and  advances  towards  the  eentre.  The 
liquid  silver,  at  the  moment  of  its  passage  to  the  solid  state,  experiences  a  slight  agitatioii 
and  then  becomes  motionless.  The  surface,  aAer  remaining  thus  tranqnU  for  a  Uttki 
gets  all  at  once  irregularly  perturbed,  fissures  appear  in  one  or  several  lines,  from  whid 
flow,  in  different  directions,  streams  of  very  fluid  silver,  which  increase  the  ortgiaal  agi* 
tation.  The  first  stage  does  not  yet  clearly  manifest  the  presence  of  gas,  and  seemi  to 
arise  from  some  intestine  motion  of  the  particles  in  their  tendency  to  group,  on  eDterisg 
upon  the  process  of  crystallization,  and  thus  causing  the  rupture  of  the  enveh>por  extennl 
crust,  and  the  ejection  of  some  liquid  portions. 

After  remaining  some  time  tranquil,  the  metal  presents  a  fresh  appearance,  preciielf 
analogous  to  volcanic  phenomena.  As  the  crystallization  continues,  the  oxygen  gaiii 
given  out  with  violence  at  one  or  more  points,  carrying  with  it  melted  silver  fron  the 
interior  of  the  surface,  producing  a  series  of  cones,  generally  surmounted  by  a  small  enter, 
vomiting  out  streams  of  the  metal,  which  may  be  seen  boiling  violentlv  within  them. 

These  cones  gradually  increase  in  height  by  the  accumulation  of  metal  thrown  spi 
and  that  which  becomes  consolidated  on  their  sloping  sides.  The  thin  crust  of  melil 
on  which  they  rest,  consequently  experiences  violent  impulses,  being  alternately  wei 
and  depressed  by  such  violent  agitation,  that  were  it  not  for  the  tenacity  and  eksUcity 
of  the  metal,  there  would  evidently  arise  dislocation,  fissures,  and  other  anakfou 
accidents.  At  length  several  of  the  craters  permanently  close,  while  others  eontinoetp 
allow  the  gas  a  passage.  The  more  difficult  this  is,  the  more  the  eraters  beeone 
elevated,  and  the  more  their  funnels  contract  by  the  adhesion  or  coagulation  of  s 
portion  of  the  metal.  The  projection  of  globules  of  silver  now  becomes  more  riolent} 
the  latter  being  carried  to  great  distances,  even  beyond  the  furnace,  and  accompanied  hf 
a  series  of  explosions,  repeated  at  short  intervals.  It  is  genersLlIy  the  last  of  thetohMle 
volcanoes  that  attains  the  greatest  altitude,  and  exhibits  the  foregoing  phenomena  with 
the  greatest  energy.  It  is,  moreover,  observable,  that  these  cones  do  not  all  arise  tt  the 
same  time,  some  having  spent  their  force,  when  others  commence  forming  at  other 
points.  Some  reach  the  height  of  an  inch,  forming  bases  of  two  or  three  inches  i> 
diameter.  The  time  occupied  by  this  exhibiltito  is  at  least  from  half  to  three  qavten 
of  an  hour. 

During  the  formation  of  these  cones,  by  the  evolution  of  gas,  portions  of  sflvcr  in 
shot  forth,  which  assume,  on  induration,  a  form  somewhat  cylindrical,  and  oAen  very 
fhntnstic,  notwithstanding  the  incompatibility  which  appears  to  exist  between  the 
fluidity  of  the  silver  and  these  elongated  figures.  Their  appearance  is  momentary,  sad 
without  any  symptoms  of  gas,  although  it  is  impossible  to  decide  whether  they  nay  lOt 
arise  from  its  influence ;  they  seem,  in  fact,  to  resemble  the  phenomena  of  the  ii^ 
volcanic  period. 

Till  very  recently,  the  only  operations  employed  for  separating  silver  from  lend  m  Ihf 
English  smelting-works,  were  the  following : — 

1.  Cupellation,  in  which  the  lead  was  converted  into  a  vitreons  oxyde,  w^iieh  mf 
floated  off  fVom  the  surface  of  the  silver. 

2.  Reduction  of  that  oxyde,  commonly  called  litharge. 

3.  Smelting  the  bottoms  of  the  cupels,  to  extract  the  lend  which  had  toakid  kit 
fhaOf  in  a  glasgy  ttate. 
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Cupellafion  and  its  two  complementary  operations  were,  in  many  respects,  objectiona- 
ble processes ;  from  the  injurious  effects  of  the  lead  vapors  upon  the  health  of  the  work- 
men; from  the  very  considerable  loss  of  metallic  lead,  amounting  to  7  per  cent,  at  least; 
and,  lastly,  from  the  immense  consumption  of  fuel,  as  well  as  from  the  vast  amount  of 
manual  tabor  incurred  in  such  complicated  operations.  Hence,  unless  the  lead  were 
toleraMy  rich  in  silver,  it  would  not  bear  the  expense  of  cupellation. 

The  patent  process  lately  introduced  by  Mr.  Pattinson,  of  Newcastle,  is  not  at  all  pre- 
judicial to  the  health  of  workmen ;  it  does  not  occasion  more  than  2  per  cent,  of  loss  of 
lead,  and  in  other  respects  it  is  so  economical,  that  it  is  now  profitably  applied  in  Noiw 
thumberland  to  alloys  too  poor  in  silver  to  be  treated  by  cupellation.  This  proceaa  is 
founded  upon  the  following  phenomena. 

After  melting  completely  an  alloy  of  lead  and  silver,  if  we  allow  it  to  eool  very  slowly, 
continually  stirring  it  meanwhile  with  a  rake,  we  shall  observe  at  a  certain  period  a 
continually  increasing  number  of  imperfect  little  crystals,  which  may  be  taken  out  with  a 
drainer,  exactly  as  we  may  remove  the  crystals  of  sea  salt  deposited  during  the  concen- 
tration of  brine,  or  those  of  sulphate  of  soda,  as  its  agitated  solution  cools.  On  submit- 
ting to  analysis  the  metallic  cr)'stals  thus  separated,  and  also  the  liquid  metal  deprived  of 
them,  we  find  the  former  to  be  lead  almost  alone,  but  the  latter  to  be  rich  in  silver,  when 
compared  with  the  original  alloy.  The  more  of  the  crystalline  particles  are  drained  from 
the  metallic  bath,  the  richer  does  the  mother  liquid  become  in  silver.  In  practice,  the 
poor  lead  is  raised  by  this  means  to  the  standard  of  the  ordinary  lead  of  the  litharge 
works ;  and  the  better  lead  is  made  ten  times  richer.  This  very  valuable  allo]^  then 
submitted  to  cupellation ;  but  as  it  contains  only  a  tenth  part  of  the  quantity  of  iBd  sub- 
jected to  crystallizaiioM,  the  loss  in  the  cupel  will  be  obviously  reduced  to  one  tenth  of 
what  it  was  by  the  former  process ;  that  is,  seven  tenths  of  a  per  cent,  instead  of  seven. 

These  nine  tenths  of  the  lead  separated  by  the  drainer,  are  immediately  sent  into  the 
market,  without  other  loss  than  the  trifling  one,  of  about  one  half  per  cent.,  involved  in 
reviving  a  little  dross  skimmed  off  the  surface  of  the  melted  metal  at  the  beginning  of  the 
operation.  Hence  the  total  waste  of  lead  in  this  method  does  not  exceed  two  per  cenL 
And  as  only  a  small  quantity  of  lead  requires  to  be  cupelled,  this  may  be  done  with  the 
utmost  slowness  and  circumspection ;  whereT}y  loss  of  the  precious  metal,  and  injury  to 
the  health  of  the  work-people,  are  equally  avoided. 

The  crystallization  refinery  of  Mr.  Pattinson  is  an  extremely  simple  smelting-honse. 
It  contains  3  hemispherical  cast-iron  pans,  41  inches  in  diameter,  and  }  of  an  inch 'thick. 
The  3  pans  are  built  in  one  straight  line,  the  broad  flange  at  their  ed«e  being  supported 
upon  brick-work.  Each  pan  has  a  discharge  pipe,  proceeding  laterally  from  one  side  of 
its  bottom,  by  which  the  melted  metal  may  be  run  otU  when  a  plug  is  withdrawn,  and 
each  is  heated  by  a  small  separate  fire. 

Three  tons  of  the  ars:eniiferous  lead  constitute  one  charge  of  each  pan ;  and  as  soon 
as  it  is  melted,  the  fire  is  withdrawn ;  the  flue,  grate-door,  and  ash-pit,  are  immediately 
closed,  and  mnde  air-tight  with  bricks  and  clay-lute.  The  agitation  is  now  commeneed, 
with  a  round  bar  of  iron,  terminated  with  a  chisel-point,  the  workman  being  instrodad 
merely  to  keep  moving  that  simple  rake  constantly  in  the  pan,  but  more  especially 
towards  the  edges,  where  the  solidification  is  apt  to  begin.  He  must  be  careful  lo  take 
«ut  the  crystals,  ]>rogres5ively  as  they  appear,  with  an  iron  drainer,  heated  •  little  higher 
than  the  temperature  of  the  metal  bath.  The  liquid  metal  lifted  in  the  drainer,  flows 
readily  back  through  its  perforations,  and  may  be  at  any  rate  efffClually  detached  by  giv- 
ing the  ladle  two  or  three  jogs.  The  solid  portion  remai»«  In  the  form  of  a  spongy,  semi- 
crystalline,  semi-pasty  mass. 

The  proportion  of  crystals  separated  at  each  melting,  depends  upon  the  original  quality 
of  the  alloy.  If  it  be  poor,  it  is  usually  jlt^^jded  in  the  pfoporUon  of  two  thirds  of  poor 
crystids,  and  one  third  of  rich  liquid  iMIl;  but  this  proportioa  u  reversed  if  the  alky 
contain  a  good  deal  of  s**^'* 

Let  us  exempliG^  ^7  ^^^  common  case  of  a  lead  containing  10  onnces  of-silTer  per  too. 
Operating  up'^  ^  tons  of  this  alloy,  or  60  cwts.,  containing  90  on.  of  silver,  there  will  be 
obtained  In  the  first  operation — 

(a)  40  cwts.  at  4}  ounces  of  silver  per  ton^  in  whole  9  os.  )  »y.  * 
(6)  20  cwte.  at  21  —  —  21        J^«- 

Each  of  these  alloys,  (a)  and  (6),  will  be  joined  to  alloys  of  like  quality  obtained  in 
the  treatment  of  one  or  several  other  portions  of  three  tons  of  the  primitive  alloy.  AgaiSy 
three  tons  of  each  of  these  rich  alloys  are  subjected  to  the  erystallization  process,  and 
thus  in  succession.  Thus  poorer  and  poorer  lead  is  got  on  the  one  hand,  and  richer  and 
richer  alloys  on  the  other.  Sometimes  the  moiktr  metal  is  parted  from  a  great  body  ef 
poor  crystals,  by  opening  the  discharge-pipe,  and  running  off  the  liquid,  while  the  wod^ 
nan  keeps  stirring,  to  facilitate  the  separation  of  thie  two. 

t5  fodders,  15  cwts.,  49  lbs.  =  540  ewta.,  49  Iha.  of  alloy,  hokiing  5  os.  of  larer  p« 
Mder,  in  die  whole  130  w^  nfiofded,  aiWr  thcee  enccieiive  cgntalliintfaB^^ 
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440  cwts.  of  poor  lead,  holding  |  oz.  of  silTer  per  fodder;  in  wSL  lO} 
15  cwts.  49  —  holding  the  original  qnaDtity,  nearly  -  3} 
84  cwts.  oflead  for  the  capel,  holding  29  oz.     -        -        -         116 

Total 130 

1  cwt.  of  loss,  principally  in  the  redaction  of  dfots. 

The  eipenses  of  the  new  method  altogether,  including  3«.  per  fodder  of  pnlenl  doo^ 
are  about  one  third  of  the  old ;  being  17/.  I3«.  and  54/.  16*.  respectively,  upon  84  cvHk 
of  lead,  at  29  oz.  per  fodder. 

In  the  conditions  above  stated,  the  treatment  of  argentiferoaa  lead  oecttsioiis  the  lbBo»> 
Ing  expenses : — 

rOB  ONK  FODDEK.  j£       «.      d. 

By  the  new  process -0137 

By  the  old  process -        -222 

Admitting  that  the  treatment  of  silver  holding  lead  is  economically  possible  only  whn 
the  profit  is  equal  to  one  tenth  of  the  gross  expenses  of  the  process,  we  may  easHy  calea- 
late,  with  the  preceding  data,  that  it  is  sufficient  for  the  lead  to  have  the  JbHowing  eo» 
tents  in  silver : — 

With  the  new  process,  3  ounces  per  fodder;  or,     -        -        O-O00078 
With  the  old  process,  8_<_  ounces  per  fodder ;  or,      -        -     0*000218 

To  Include,  the  refinins;  by  crystallization  reduces  the  cost  of  the  parting  of  lead  aai 
silver,  in  the  proportion  of  three  to  one;  and  allows  of  extracting  silver  from  s  lead  whidi 
contains  only  about  three  oz.  per  ton.  In  England,  the  new  method  produces  at  preseal 
very  advantngeous  results,  especially  in  reference  to  the  great  masses  to  which  it  may  be 
applied.  In  1828,  the  quantity  of  lead  annually  extracted  from  the  mmes  in  the  United 
Kingdom  had  been  progressively  raised  to  47,000  tons.  Reduced  almost  to  one  halTdf 
this  amount  in  1832,  by  the  competition  of  the  mines  of  la  Sierra  de  Gaifor,  the  English 
production  began  again  to  increase  in  1833.  In  1835,  35,000  tons  of  lead  were  obtaineii^ 
one  half  of  which  only  having  a  mean  content  of  eiuht  and  a  half  ounces  ofsUrer  pertos, 
was  subjected  to  cupellation,  and  produced  14,000  oz.  of  that  precious  metal.  ThedeCaili 
of  this  production  are — 

Silver  extracted  from  17,500  tons  of  lead,  holding  upon  the  average  eight  J   tAnnM 

and  a  half  ounces  per  ton,      - -  J  i«l,tlw  on. 

Silver  extracted  from  silver  ores,  properly  so  called,  in  Cornwall,        -  36fi00 

176,000 
In  1837,  the  production  of  lead  amounted  probably  to  40,000  tons ;  npoD  which  tke 
introduction  of  the  new  method  would  have  the  effect  not  only  of  reducing  considerahlf 
the  cost  of  partin?  the  20,000  tons  of  lead  containing  8  oz.  of  silver  per  ton,  but  of  per- 
mitting the  extraction  of  4  or  5  oz.  of  silver,  which  may  be  supposed  to  exist  opoa  aa 
average  in  the  greater  portion  of  the  remaining  20,000  tons.  Otherwise,  this  mass  of  the 
preciooA  metal  would  have  had  no  value,  or  have  been  unproductive. 

There  arc  two  oxydes  of  silver ;  called  an^entic  oxyde,  and  suroxyde,  hf  Beneliai^ 
1.  The  first  is  obtained  by  adding  solution  of  caustic  potassa,  or  Ume-Mrater,  to  a  tolatioa 
of  nitrate  of  silver.  The  precipitate  has  a  brownish-^ray  color,  which  darkens  wh« 
dried,  and  contains  no  conibined  water.  Its  specific"  gravity  is  7-143.  On  esposart 
to  the  sun,  it  gives  out  a  certain  quantity  of  oxygen,  and  becomes  a  black  powder. 
This  oxyde  is  an  energetic  base;  being  Mijjhtly  soluble  in  pure  water,  reaeting  like  the 
alkalis  upon  reddened  litmus  papar,  and  dl»|AM!ing.  from  their  combinations  with  tht 
alkalis,  a  portion  of  the  acids,  with  which  it  forms  insuWhle  compounds.  It  is  insolohk 
in  the  caustic  leys  of  potassa  or  soda.  By  combination  with  e^ustic  ammonia,  it  foms 
fulminating  $Uver,  This  formidable  substance  may  be  prepared  hj  pteeipitating  the 
nitrate  of  silver  with  lime-water,  washing  the  oxyde  upon  a  filter,  and  bpt-e^ng  it  opoa 
gray  paper,  to  make  it  nearly  dry.  Upon  the  oxyde,  still  moist,  water  of  amuuy^jii  is  to 
be  poured,  and  allowed  to  remain  for  several  hours.  The  powder  which  becomes  Mtck, 
is  to  be  freed  from  the  supernatant  liquor  by  decantation,  divided  into  small  portioM 
while  moist,  and  set  aside  to  dry  upon  bits  of  porous  paper.  Fulminating  silTer  Bay 
be  made  more  expeditiously  by  dissolving  the  nitrate  in  water  of  pure  ammonia,  aad 
precipitating  by  the  addition  of  caustic  potassa  ley  ia  slight  excess.  If  fnlminatiag 
silver  be  pressed  with  a  hard  body  in  its  moist  state,  it  detonates  with  nnparalldsS 
violence ;  nay,  when  touched  even  with  a  feather,  in  its  dry  state,  it  fieqnently  explodes 
As  many  persons  have  been  serionsly  Wounded,  and  some  have  been  killed,  by  these 
explosions,  the  utmost  precautions  should  be  taken,  especially  by  yonng  chemists,  la  iti 
preparation.  This  violent  phenomenon  is  caused  by  the  sudden  prodnction  of  water 
ftad  nitrogen,  at  the  initant  when  the  metallic  oxyde  is  reduced.    The  quiescent  a^ 
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divcllent  affinities  seem  to  be  so  nicely  balanced  in  this  cnrions  compound,  that  the 
slightest  disturhance  is  sufficient  to  incite  the  hydrogen  of  the  ammonia  to  snatch  the 
oxygen  from  the  silver.  The  oxyde  of  silver  dissolves  in  glassy  flaxes,  and  renders  them 
yellow.  It  consists,  according  to  Berzelius,  of  93*11  parts  of  silver,  and  6*89  of  oxygen. 
2.  The  suroxyde  of  silver  is  obtained  by  passing  a  voltaic  carrent  through  a  weak  solu- 
tion of  the  nitrate ;  it  being  deposited,  of  coarse,  at  the  positive  or  oxygenating  pole. 
It  is  said  to  crystallize  in  needles  of  a  metallic  lustre,  interlacing  one  another,  which 
are  one  third  of  an  inch  long.  When  thrown  into  muriatic  acid,  it  causes  the  disengage- 
ment of  chlorine,  and  the  formation  of  chloride  of  silver ;  into  water  of  ammonia,  i 
occasions  such  a  rapid  production  of  nitrogen  gas,  with  a  hissing  sound,  as  to  conveit 
the  whole  liquid  into  froth.  If  a  little  of  it,  mixed  with  phosphorus,  be  struck  with  a 
hammer,  a  loud  detonation  ensues.  With  heat  it  decrepitates,  and  becomes  metallic 
silver. 

Sulphuret  of  silver,  which  exists  native,  may  be  readily  prepared  by  fusing  the  constitu* 
ents  together ;  and  it  forms  spontaneously  upon  the  surface  of  silver  exposed  to  the  air 
of  inhabited  places,  or  plunged  into  eggs,  especially  rotten  ones.  The  tarnish  may  be 
easily  removed,  by  rubbing  the  metal  with  a  solution  of  cameUon  mineralf  prepared  by 
calcining  peroxyde  of  manganese  with  nitre.  Sulphuret  of  silver  is  a  powerf\il  sulpho- 
base ;  since  though  it  he  healed  to  redness  in  close  vessels,  it  retains  the  volatile  sul- 
phides, whose  combinations  with  the  alkalis  are  decomposed  at  that  temperature.  It  con- 
sists of  87-04  of  silver,  and  12-96  of  oxyjjen. 

A  small  quantity  of  tin,  alloyed  with  silver,  destroys  its  ductility.  The  best  method  of 
separating  these  two  metals,  is  to  lami.iate  the  alloy  into  thin  plates,  and  distil  them  along 
with  corrosive  sublimate.  The  bichloride  of  tin  comes  over  in  vapors,  and  condenses  in 
the  receiver.  Silver  and  lead,  when  combined,  are  separated  by  heat  alone  in  the  pro- 
cess of  cupellation,  as  described  in  the  article  Assay,  and  in  the  reduction  of  silver  ores. 
See  suprd. 

An  alloy,  containing  from  one  twelfth  to  one  tenth  of  copper,  constitutes  the  silver  coin 
of  most  nations;  being  a  harder  and  more  dnnible  metal  under  friction  than  pure  silver. 
When  this  alloy  is  boiled  with  a  solution  of  cream  of  tartar  and  sea-salt,  or  scrubbed 
with  water  of  ammonia,  the  superficial  particles  of  copper  are  removed,  and  a  surfhce  of 
fine  silver  is  left. 

Chloride  of  silver  is  obtained  by  adding  muriatic  acid,  or  any  soluble  muriate,  to  a  so- 
lution of  nitrate  of  silver.  A  curdy  precipitate  falls,  quite  insoluble  in  water,  which 
being  dried  and  heated  to  dull  redness,  fuses  into  a  semi-transparent  gray  mass,  called, 
flrom  its  appearance,  kom-nlver.  Chloride  of  silver  dissolves  readily  in  water  of  ammo- 
nia, and  crystallizes  in  proportion  as  the  ammonia  evaporates.  It  is  not  decomposed  by 
a  red  heat,  even  when  mixed  with  calcined  charcoal;  bat  when  hydrogen  or  steam  is 
passed  over  the  fused  chlori'ie,  muriatic  acid  exhales,  and  silver  remains.  When  fused 
along  with  potassa,  (or  its  carbonate,)  the  silver  is  also  revived ;  while  oxygen  (or  also 
carbonic  acid)  gas  is  liberated,  and  chloride  of  potassium  is  formed.  Alkaline  solutions 
do  not  decompose  chloride  of  silver.  When  this  compound  is  exposed  to  light,  it  suffers 
a  partial  decomposition,  muriatic  acid  being  disengaged.  See  Assay  by  the  humid 
method. 

The  best  way  of  reducing  the  chloride  of  silver,  says  Mohr,  is  to  mix  iC  with  one  third 
of  its  weight  of  colophony,  (black  rosin,)  and  to  heat  the  mixture  moderately  in  a  crucible 
till  the  flame  ceases  to  have  a  greenish-blue  color ;  then  suddenly  to  increase  the  fire,  so 
as  to  melt  the  metal  into  an  ingot. 

The  subchloride  may  be  directly  formed,  by  pouring  s  solution  of  deuto-chloride  of  cop- 
per or  iron  upon  silver  leaf.  The  metal  is  speedily  changed  into  black  spangles,  whicl^ 
being  immediately  washed  and  dried,  constitute  sabehloride  of  silver.  If  the  contact  of 
the  solutions  be  prolonged,  ehloftde  would  be  formed. 

The  bromide,  cyanide,  flooride,  and  iodide  of  silver,  have  not  been  applied  to  any  use 
in  the  arts.  Sulphate  of  silver  may  be  prepared  by  boiling  sulphuric  acid  upon  the  metal. 
See  Rkfinino  of  Gold  and  SiLVEa.  It  dissolves  in  88  parts  of  boiling  water,  but  the 
greater  part  of  the  salt  crystallizes  in  small  needles,  as  the  solution  cools.  It  consists  of 
118  parts  of  oxyde,  combined  with  40  parts  of  dry  acid.  Solutions  of  the  hyposulphite 
of  potassa,  soda,  and  lime,  which  are  bitter  salts,  dissolve  chloride  of  silver,  a  tasteless 
substance,  into  liquids  possessed  of  the  most  palling  sweetness,  but  not  at  all  of  any  me- 
tallic taste. 

The  iodide  of  silver  is  remarkable,  like  some  other  metallic  compounds,  for  changing 
its  color  alternately  with  heat  and  cold.  If  a  sheet  of  white  paper  be  washed  over  with 
a  solution  of  nitrate  of^  silver,  and  afterwards  with  a  somewhat  dilute  solution  of  hydrio> 
date  of  potash,  it  will  immediately  assume  the  pale  yellow  tint  of  the  cold  sQver  iodide. 
On  placing  the  paper  before  the  fire,  it  will  change  color  from  a  pale  priomMe  to  a 
fniiidy  brilliant  yellow,  like  the  sun-flower ;  and  on  being  cooled,  it  will  again  rssaiiM 
the  primrose  hue.    These  alternations  may  be  repeated  indefinitely,  like  those  with  tht 
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•alts  of  cobalt,  pro?ided  too  frreat  a  heat  be  not  applied.    The  preaaure  of  a  finger  vp« 
the  hoc  yellow  paper  makes  a  white  spot,  by  cooling  it  qoiekly. 

Fulminate  of  sil?er  is  prepared  in  the  same  way  as  Fuiminate  of  Mercmry,  which  sec 

On  the  10th  of  Febmary,  1798,  the  Lords  of  the  Privy  Cooncil  appointed  the  Hst. 
Charles  Cavendish,  F.  R.  S.,  and  Charles  Halcbett,  Esq.,  F.  R.  S.,  to  make  kivesligatiaai 
upon  the  wear  of  gold  coin  by  friction.  Their  admirable  experiments  were  bc^on  in  the 
latter  end  of  1798,  and  completed  in  April,  1801,  havini;  been  instituted  and  coadnctd 
with  every  mechanical  aid,  as  devised  by  these  most  eminent  chemical  philoaopbersi  aai 
provided  at  no  small  expense,  by  the  government.  The  following  are  the  unportaat  esa- 
•Insions  of  their  official  report : — * 

«  Gold  made  standard  by  a  mixture  of  equal  parts  of  silver  and  copper,  is  not  to  teiim 
goM  alloyed  only  with  silver ;  neither  is  it  so  pale ;  for  it  appears  to  be  leas  removei 
nrom  the  color  of  fine  gold,  than  either  the  former  or  the  following  metal. 

"  Gold,  when  alloyed  with  silver  and  copper,  when  annealed,  does  not  become  hlsek, 
but  brown ;  and  this  color  is  more  easily  removed  by  the  blanching  liquor,  or  aolutioa  d 
alum,  than  when  the  whole  of  the  alloy  consists  of  copper.  It  may  also  be  rolled  aai 
stamped  with  great  facility ;  and,  under  many  circumstances,  it  appears  lo  suffer  less  bf 
iVietion  than  gold  alloyed  by  silver  or  copper  atone. 

« If  copper  alone  forms  the  alloy,  it  must  be  dissolved  and  separated  from  the  soitmt 
of  each  piece  of  coin,  in  the  process  of  annealing  and  blanching. 

<<  Upon  a  comparison  of  the  different  qualities  of  the  three  kinds  of  standard  gold,  il 
appears  (strictly  speaking)  that  gold  made  standard  by  silver  and  copper  is  ratber  to  be 
preferred  for  coin.'' 

It  will,  undoubtedly,  seem  not  a  little  strange  to  the  uninitiated,  that  this  report,  aad 
its  important  deductions,  should  have  been  of  late  years  entirely  set  at  naught,  withost 
any  scientific  reason  or  research,  apparently  for  the  purpose  of  giving  a  eertain  official  is 
our  Mint  a  good  job,  in  sweating  out  all  the  silver  from  our  sovereigns,  and  ref^aeiBg  il, 
in  the  new  coinage,  with  copper,  taking  on  an  average  3d.  worth  of  silver  out  of  etch 
ounce  of  our  excellent  gold  coin,  and  charging  the  country  6|d.  for  its  extraction,  besides 
the  very  considerable  expense  in  providing  fine  copper  to  replace  the  silver.  The  pro- 
tence  set  up  for  this  extraordinary  degradation  of  the  gold,  was,  that  oar  eoin  might  per* 
adventure  be  exported,  in  order  to  be  de-silvered  abroad,  a  danger  which  eoiUd  hate 
been  most  readily  averted,  by  leaving  out  as  much  gold  in  every  sovereign  as  was  eqaifs- 
lent  to  the  silver  introduced,  and  thus  preserving  its  intrinsic  value  in  precious  metal 
When  the  film  of  fine  gold  which  covers  each  of  our  present  pieces  has  been  rubbed  oi 
from  the  prominent  parts,  these  must  appear  of  a  very  diflferent  and  deeper  color  than  the 
flat  part  or  ground  of  the  coin.  <<  The  reason,  therefore,  is  sufficiently  apparent,  sajs 
Mr.  Hatchett,  why  gold  which  is  alloyed  with  silver  only,  cannot  be  liable  to  this  blea- 
ish ;"  and  with  one  half  of  silver  alloy,  it  must  be  much  less  liable  to  it,  than  with  copper 
alone.  Why  did  the  political  economists  in  the  recent  Committee  of  the  House  of  Cob- 
mons  on  the  Mint,  blink  this  qnestion  of  public  economy  and  expediency  7 

Gold,  as  imported  from  America,  Asia,  and  Africa,  contains  on  an  average  nearly  the 
right  proportion  of  silver  for  making  the  best  coin ;  and  were  it  alloyed  to  oar  national 
standard,  of  22  parts  of  gold,  1  of  silver,  and  1  oC  copper,  as  defined  by  Messrs.  Caves- 
dish  and  Hatchett,  then  by  simply  adding  the  deficient  quantities  of  one  or  two  of  that 
metals,  by  the  rule  of  alligation,  the  very  considerable  expense  would  be  saved  to  the  Ba>- 
tion,  and  sulphureous  nuisance  to  the  Tower  Hamlets,  now  foolishly  incurred  in  deli- 
vering and  cuprifying  sovereigns  at  the  Royal  Mint. 

It  was  long  imagined  in  Europe,  that  the  average  metallic  contents  c^  the  silver  ores 
of  Mexico  and  Peru,  were  considerably  greater  than  those  of  Saxony  and  Hungaiy. 
Much  poorer  ores,  however,  are  worked  among  the  Cordilleras  than  in  any  part  of  Es- 
rope.  The  mean  product  of  the  whole  silver  ores  that  are  annually  reduced  in  Mexieo» 
amounts  only  to  from  0*18  to  0*25  of  a  per  cent. ;  that  is,  from  3  to  4  ounces  in  100  lbs.; 
the  true  average  being,  perhaps,  not  more  than  2|.  It  is  by  their  greater  profosioa  ol 
ores,  not  their  superior  richness,  that  the  mines  of  South  America  surpass  tbose  of  En- 
rspe. 

Gold  and  Silver  produced  in  Forty  Years,  firom  1790  to  1830. 


Mexico, 
Chile,       - 
Buenos  Ayresy 

Russia,     " 


Gold. 


£6^6,453 
2,768,488 
4,024,895 
3,703,743 


fttm. 


£139,818,03S 

1»822,924 

87,182,673 

1,502^1 


•  II  is  im&iUA  is  Am  PhUoMphioal  TraMMtions  for  1801. 


SILVER. 
RsTUmns  of  the  Dolla&s  coined  at  the  different  Mints  in  Bfxxioo. 


iia 


Mexico 

Goanajuato 

Zacatecas 

Guadalaxara    - 

Darango 

San  Luis 

Ilalpan 

Total 


1899. 

1830. 

18S1. 

1894. 

1,280,000 

1,090,000 

1,386,000 

952,000 

2,406,000 

2,560,000 

2,603,000 

2,703,000 

4,505,000 

6,190,000 

4,965,000 

5,527,000 

696,000 

592,000 

590,000 

715,000 

659,000 

453,000 

358,000 

1,215,000 

1,613,000 

1,320,000 

1,497,000 

928,000 

728,000 

90,000 

323,000 

^— 

. 

11,787,000 

11,295,000 

11,722,000 

12,040,000 

The  returns  for  1832  and  1833  are  wanting. 
Peru. — Rktxjrns  of  Gold  and  Silvkr  coined  at  the  Mints  of  Lima  and  Casco. 


1830 
1831 
1832 
1833 
1834 


Gold. 


180,000 

92,000 

94,000 

150,000 

110,000 


SilTer. 


2,015,000 
2,384,000 
3,210,000 
2,990,000 
3,150,000 


ToCbI,  in  DoUan. 


2,195,000 
2,476,000 
3,284,000 
3,140,000 
3,260,000 


Returns  of  Silver  in  Bars  produced 

at  the  different  Smelting-works  in  Peru. 

1830 
1831 
1832 
1833 

Linuu 

TraxUlo. 

Pmoo. 

AyacQcho. 

Pono. 

Areqvipa. 

Total,  in  Dollan. 

270,000 
270,000 
290,000 
222,000 

190,000 
60,000 

100,000 
70,000 

780,000 
1,110,000 
1,800,000 
2,130,000 

120,000 
70,000 
70,000 
50,000 

250,000 

310,000 

345,000 

25,000 

150,000 

110,000 

25,000 

65,000 

1,760,000 
1,930,000 
2,640,000 
2,562,000 

Returns  of  Silver  in  Dollars  exported  from  the  Provinces  of  Chiu. 


1831 
1832 
1833 

("oquimbo. 

HuMco.               1               I'opinno.              1 

785,000 
316,000 
490,000 

115,000 

100/)00 

670,000 

36,000 

585/)00 

1,591,000 

215,000 

1,291,000 

Santiago— Mint  Coinage. 

0«U.  Silver. 

1832,  174,000;    1833,  392,500     |     1832,  42,000;    1833,  92,000     | 

The  prodaction  of  Silver  in  the  kingdom  of  Saxont  amounted 

59,231  marcs  and  8  loths,  in  the  year  1825 
65,023    —  —  —  1826 

60,034    —  --  -_  1827 

61,361    —  —  _  1828 

65,176    —  and  10  loths      —  1830 

65,886    —  —  —  1832 

The  mine  of  Hinmielfiarst  abme  produces  annually  10,000  mares. 


ToCnL 
700,500 


Tha  (piantity  of  Silver  produced  in  the  Prussian  States 

22,135  mares  in  1825  20,612 

20,071       —      1826  20,887 

IB,631       —      1827        mnumninm      19,031 
21,731       —      1828  22,083 


in  1829 
1830 
1831 
1832 


The  whole  annual  production  of  Europe,  and  Asiatic  Russia,  has  been  rated  by  Hum- 
boldt at  292,000  marcs,  by  other  authorities  at  310,000  marcs;  while  at  the  begiuaing  of 
the  present  century,  that  of  the  Spanish  oolonies  in  America  was  3,349,160  marcs,  or 
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nearly  tweWe  times  u  mnth.  The  sum  total  is  3,704,160  maKi,  of  3d09  gniaf  (zvy 
each ;  which  is  nearly  1,900,000  lbs.  avoirdupois;  that  is,  little  less  than  9000  tons. 

The  English  Mint  silver  contains  222  pennyweights  of  fine  silver,  and  18  of  copper,  ia 
the  troy  pound  of  240  pennyweights :  or  92*5  in  100  parts.  1  pound  troy  =  5760  graiiu, 
contains  63*8  shillings,  each  weighing  87*5d  grains.  The  French  silver  coin  esaCaiu 
one  tenth  of  copper,  and  a  franc  weighs  6  grammes  =  77*222  grains  troy.  The  Pr»- 
sian  dollar  {thaler)  is  the  standard  coin ;  101  thaler  weigh  1  marc;  hence,  1  ikaier  wm^ 
343*7  grains  troy,  and  contains  257-9  grains  of  fine  silver ;  being  75  per  cent,  of  silva^ 
and  25  of  alloy.  The  Austrian  coin  contains  JJL  of  alloy,  according  to  Wanerbof; 
which  is  only  4\  per  cent. 

SILVER  LEAF  is  made  in  precisely  the  same  way  as  goid  ha/,  to  which  artide  I 
must  therefore  refer  the  reader. 

SILVERING  is  the  art  of  covering  the  surfaces  of  bodies  with  a  thin  fiilai  of  sih& 
When  silver  leaf  is  to  be  applied,  the  methods  prescribed  for  gold  leaf  are  aoilallli 
Amone  the  metals,  copper  or  braf  s  are  those  on  which  the  sDverer  moat  commoriy 
operates.  Iron  is  seldom  silvered ;  but  the  processes  for  both  metals  are  etaentially  tks 
same. 

The  principal  steps  of  this  operation  are  the  following : — 

1.  The  itnoothing  dovm  the  sharp  edges,  and  polishing  the  surface  of  the  eopp«; 
called  imorjiler  by  the  French  artists. 

2.  I'he  annealing ;  or  making  the  piece  to  be  silvered  red-hot,  and  then  phnifing  il  ii 
very  dilute  nitric  acid,  till  it  be  bright  and  clean. 

3.  Pumicini; ;  or  clearing  up  the  surface  with  pumice-stone  and  water. 

4.  The  warmingf  to  such  a  degree  merely  as,  when  it  touches  water,  it  nay  make  ■ 
slight  hissing  sound ;  in  which  state  it  is  dipped  in  the  very  weak  aquafortis,  whereby  il 
acquires  minute  insensible  asperities,  sufficient  to  retain  the  silver  leaves  that  are  to  It 
applied. 

6.  The  hatching,  \Vhen  these  small  asperities  are  inadequate  for  giving  doe  8oIidil| 
to  the  silvering,  the  plane  surfaces  most  be  hatched  all  over  with  a  graving  tool ;  bat  the 
chased  surfaces  need  not  be  touched. 

6.  The  blueing  consists  in  heating  the  piece  till  its  eopper  or  brass  eokn*  changes  t» 
blue.    In  heating,  they  are  placed  in  hot  tools  made  of  iron,  called  wutmdrhu  in  Fraaec^ 

7.  The  charging,  the  workman's  term  for  silvering.  This  operation  consists  in  phdif 
the  silver  leaves  on  the  heated  piece,  and  fixing  them  to  its  surface  by  bamishcrs  at 
steel,  of  various  forms.  The  workman  begins  by  applying  the  leaves  donUe.  Shouli 
any  part  darken  in  the  heating,  it  must  be  cleared  up  by  the  scratch-brash. 

The  silverer  always  works  two  pieces  at  once ;  so  that  he  may  heat  the  one  while 
burnishing  the  other.  After  applying  two  silver  leaves,  he  must  heat  up  the  piece  ts 
the  same  degree  as  at  first,  and  he  then  fixes  on  with  the  burnisher  four  additional  leaTct 
of  silver ;  and  he  goes  on  charging  in  the  same  way,  4  or  6  leaves  at  a  time,  till  he 
has  applied,  one  over  another,  30,  40,  50,  or  60  leaves,  according  to  the  desired  sobdity 
of  the  silvering.  He  then  burnishes  down  with  great  pressure  and  address,  till  be  htt 
given  the  surface  a  uniform  silvery  aspect. 

Silvering  by  the  precipitated  chloride  of  silver, — The  white  curd  obtained  by  addisf 
a  solution  of  common  salt  to  one  of  nitrate  of  silver,  is  to  be  well  Washed  and  dried. 
One  part  of  this  powder  is  to  be  mixed  with  3  parts  of  good  pearlash,  one  of  wsdMi 
whilin?,  and  one  and  a  half  of  sea  salt.  Afler  clearing  the  surface  of  the  brass,  it  is  to  It 
rubbed  with  a  bit  of  soA  leather,  or  cork  moistened  with  water,  and  dipped  in  the  above 
powder.  After  the  silvcrine,  it  should  be  thoroughly  washed  with  water,  dried,  sal 
immediately  varnished.  Some  use  a  mixture  of  1  part  of  the  silver  precipitate  with  10 
of  cream  of  tartar,  and  this  mixture  also  answers  very  well. 

Others  give  a  coating  of  silver  by  applyins  with  friction,  in  the  moistened  state,  a  nii- 
ture  of  1  part  of  silver-powder  precipitated  by  copper,  2  parts  of  cream  of  tartar,  aadai 
much  common  salt.  The  piece  must  be  immediately  washed  in  tepid  water  very  faiatly 
alkalized,  then  in  slightly  warm  pure  water,  and  finally  wiped  dry  before  the  fire.  Sat 
Plated  Manufacture. 

The  inferior  kinds  of  plated  buttons  get  their  silver  coating  in  the  following  way  t" 

2  ounces  of  chloride  of  silver  are  mixed  up  with  1  ounce  of  corrosive  sublimat4B^  3 
pounds  of  common  salt,  and  3  pounds  of  sulphate  of  zinc,  with  water,  into  a  paste. 
The  buttons  being  cleaned,  are  smeared  over  with  that  mixture,  and  exposed  to  a  mode- 
rate degree  of  heat,  which  is  eventually  raised  nearly  to  redness,  so  as  to  expel  the  mereaiy 
from  the  amalgam,  formed  by  the  reaction  of  the  horn  silver  and  the  corrosive  sohUmate. 
The  copper  button  thus  acquires  a  silvery  surface,  which  is  brightened  by  clearing  aai 
burnishing. 

Leather  is  silvered  by  applyini?  a  coat  of  parchment  size,  or  spirit  varnish,  to  the 
face,  and  then  the  silver  leaf,  with  pressure. 

SIMILOR  is  a  golden-colored  variety  of  brass. 


smoEma  of  webs. 

ING  OF  WEBS     The  old    Aimace   Tor  uanrng  eolloa    goods 

lonsitudinal  tetlion,Jig   1030,      '  " 


21  hiirh,  orer  which 
a  hollow  sfmi-cylin- 
drical  ma»  of  cait 
laid,  one 
inch  thick  it  the 
sides,  and  2}  thick 
It  the  top  curraEnrc. 
The  Anme  |His<ra 
Gre-Bnc  d,  into  a  side  openm?/,  in  Ihe  chimncj  The  goods  are  swept  swiftly 
igniled  piece  of  iron,  with  considerable  fiiction,  b;  means  of  ■  wooden  roller, 
ing  frame  for  raising  Ihem  at  any  momeDl  out  of  contiict 
e  sho|i4,  ■enii-c>]mdera  of  eopper,  three  quarters  of  an  inch  thick,  hare  be«n 
d  for  those  of  iron,  in  sinKemi;  eoodi  prior  to  bleaching  ihem.  The  fonner 
month!,  and  do  1500  pieces  with  one  ton  of  coal ;  while  the  Intter,  which  are 
nd  a  half  thick,  wear  out  in  a  week,  and  do  no  more  than  Crosa  500  to  GuO  piecea 
tame  weight  of  (bel. 

early  part  of  the  year  I8t8,  Mr.  Samuel  Hall  enrolled  the  specification  of  a 
*  removing  the  downy  fibres  of  the  cotton  thread  from  the  inlerrtices  of  bobbi- 
or  maslins,  which  he  eOected  by  singeing  the  lace  with  (he  flame  of  a  gaa- 
The  second  patent  granted  to  Mr.  Hal),  in  April,  1S23,  is  fur  an  improvement 
ive  proeess ;  viz.,  causing  a  strong  current  of  air  to  draw  Ihe  flame  of  the  gu 
he  interstices  of  the  lace,  as  it  passes  over  the  burner,  by  mewis  of  an  aperture 
placed  immediately  above  the  row  of  gas-jets,  which  tube  communicalrs  with  an 


I   this 


nail 


pipe. 


the  Eong  burner  b,  i. 
This  burner  is  a 
horizontal  tube,  per- 
forated with  masjr 
small  holes  on  Ihe 
upper  side,  throngh 
which,  as  jets,  the 
gas  passes ;  and  when 
it  is  ignited,  the 
bobbin  el  lace,  or 
other  material  in- 
tended V)  be  singed, 
is       extended      and 

the  flame,  by  meana 
of  rollers,  which  are 
not  shown  in  the 
figure. 

The  simple  bam-  i 
:  gas,  even  with  a  draught  chimney,  aa  in  Ihe  former  specification,  is  fonod 
'  *t  all  limes  efficacious ;  the  peteDlee,  Iberefore,  now  introdoces  a  hollow 
vilh  a  slit  or  opening,  immediately  over  Ihe  row  of  burners ;  and  this  tnbe, 
.  of  the  pipes  d,  d,  d,  communicate*  with  the  pipe  t,  t,  t,  nhich  leads  to  the 
g  apparatus. 

^austing  apparatus  consiila  of  two  lank*,/ and  g,  nearly  lilled  with  waler, 
aterled  boxes  or  vessels,  A  and  i,  whieh  are  suspended  by  rods  to  the  vibntiog 
each  of  the  boxes  is  furnisbed  with  a  valve  opening  upwards ;  I,  I,  are  pipet 
from  the  horizontal  part  of  the  pipe  (,  up  into  the  boxes  or  vessels  K  and  1, 
«s  have  valves  at  their  tops,  also  opening  upward.  When  the  vessel  k  da- 
e  waler  in  the  tank  forces  out  the  air  contained  within  the  vessel  at  the  valvs 
rhen  that  vessel  rises  again,  the  valve  m  being  closed,  the  air  is  drawn  fron 
1,  throagb  Ihe  pipe  I.  The  same  takes  place  in  the  venel.i,  from  which  the 
1  descent  it  expelled  through  the  valve  «,  and,  in  iu  uetnl,  draw*  III*  4ii' 
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through  the  pipe  I,  firom  the  pipe  e.  Bjr  these  means,  a  partial  exhauAion  is  effeeled 
in  the  pipe  c,  e,  and  the  tube  c,Ci  to  supply  which,  the  air  rashes  with  eoDsiderabk 
force  through  the  long  opening  of  the  tube  c,  c,  and  carries  with  it  the  flame  of  tte 
gas-burners.  The  bobbinet  lace,  or  other  goods,  being  now  drawn  oyer  the  flame 
between  the  burner  6,  b,  and  the  exhausted  tube  c,  c,  by  means  of  rollers,  as  above  laid, 
the  flame  of  the  gas  is  forced  through  the  interstices  of  the  fabric,  and  all  the  iac 
filaments  and  loose  fibres  of  the  thread  are  burnt  off,  without  damaging  the  tnbstaBcc  of 
the  goods. 

To  adjust  the  draught  from  the  gas-burners,  there  are  stopcocks  introduced  into  serenl 
of  the  pipes  H ;  and  to  regulate  the  action  of  the  exhausting  apparatus,  an  air  vessel  o^  ii 
suspended  by  a  cord  or  chain  passing  over  pulleys,  and  balanced  by  a  weight  p.  There 
ii  aiso  a  scraper  introduced  into  the  tube  c,  which  is  made,  by  any  convenient  contrivaaei^ 
to  revolve  and  slide  backwards  and  forwards,' for  the  purpose  of  removing  any  light  Bit- 
ter that  may  arise  from  the  goods  singed,  and  which  would  otherwise  obatmet  the  air 
passage.  Two  of  these  draught  tubes  c,  may  be  adapted  and  united  to  the  ezhanstii| 
apparatus,  when  a  double  row  of  burners  is  employed,  and  the  inclination  of  the  flant 
may  be  directed  upwards,  downwards,  or  sideways,  according  to  the  position  of  theiUt 
in  the  dra  A  tube,  by  which  means  any  description  of  goods  may,  if  required,  be  singed  oa 
both  sides  at  one  operation. 

The  ffreater  part  of  the  bobbinet  lace  made  in  England,  is  sent  to  Mr.  Hall's  wodB» 
at  Basford,  near  Nottingham,  to  be  singed ;  and  at  a  reduction  of  price  tmly  wonderfoL 
He  receives  now  only  one  farthing  for  what  he  originally  was  paid  one  shilling. 

SKIN  (PeaUy  Fr. ;  Haul,  Germ.),  the  external  membrane  of  animal  bodies,  eonsisti  of 
three  layers;  1.  the  epidermis,  scarf-skin,  {Oberhauty  Germ.);  2.  the  vascular  orgaB,flr 
papillary  body,  which  performs  the  secretions ;  and  3.  the  true  skin,  {Lsdtrkaui,  Gem.), 
of  which  leather  is  made.  The  skin  proper,  or  dermoid  substance,  is  a  tissue  of  inniiBwr* 
able  very  delicate  fibres,  crossing  each  other  in  every  possible  direction,  with  sbsD 
orifices  between  them,  which  are  larger  on  its  internal  than  on  its  external  surface.  The 
conical  channels  thus  produced  are  not  straight,  but  oblique,  and  filled  with  cellular  mim» 
brane ;  they  receive  vessels  and  nerves  which  pass  out  through  the  skin  (adit  t€ra),ui 
are  distributed  upon  the  sccretor)'  organ.  The  fibrous  texture  of  the  skin  is  compMi 
of  the  same  animal  matter  as  the  serous  men^ibranes,  the  cartilages,  and  the  cdiltt 
tissue ;  the  whole  possessing  the  property  of  dissolving  in  boiling  water,  and  being, tha^ 
by,  converted  into  glue.    See  Glue,  Lkatiieb,  and  Tan. 

SLAG  {Laitier,  Fr. ;  Schlwkey  Germ.),  is  the  vitreous  mass  which  coven  the  htd 
metals  in  the  smelting-hearths.  In  the  iron-works  it  is  commonly  called  cMer.  fihfH 
consist,  in  general,  of  bi-silicates  of  lime  and  magnesia,  along  with  the  oxydes  of  ins 
and  other  metals ;  being  analogous  in  composition,  and  having  the  same  cr^stalliae  forn 
as  the  mineral,  pyroxene.     See  Copfeb  and  Ibon. 

SLATES  (Jrdoisesy  Fr. ;  Schiefem,  Germ.)  I'he  substances  belonging  to  this  dsN 
may  be  distributed  into  the  followinir  species  :  — 

1.  Mica-slate,  occasionally  used  for  co-     5.  Drawing-slate,  or  black  chalk. 

vering  houses.  6.  Adhesive  slate. 

2.  Clay-slate,  the  proper  roofing-slate.  7.  Bituminous  shale. 

3.  Whet-slate.  8.  Slate-clay. 

4.  Polish ing-slate. 

1.  Mica  slate.  — This  is  a  mountain  rock  of  vast  continuity  and  extent,  of  a  sehilMe 
texture,  composed  of  the  minerals  mica  and  quartz,  the  mica  being  generally  fn- 
dominant. 

2.  Clay-slate,  —  This  substance  is  closely  connected  with  mica ;  so  that  nnintemplcd 
transitions  may  be  found  between  these  two  rocks  in  many  mountain  ebaint.  It  ii  t 
simple  schistose  mass,  of  a  bluish-gray  or  grayish-black  color,  of  various  shades,  aids 
shining,  somewhat  pearly  internal  lustre  on  the  faces,  but  of  a  dead  color  in  the  000 
iVacture. 

Clay-sIatc  is  extensively  distributed  in  Great  Britain.  It  skirts  the  HigUaadisf 
Scotland,  from  Lochlomond  by  Callender,  Comrie,  and  Dunkeld;  resting  oa,  aid 
gradually  passing  into  mica-slate  throughout  the  whole  of  that  territory.  Roofii|- 
slate  occurs,  on  the  western  side  of  England,  in  the  counties  of  Cornwall  and  Deroa; 
in  various  parts  of  North  Wales  and  Anglesea ;  in  the  north-east  parts  of  Yorkshire, 
near  Ingletun,  and  in  Swaledale ;  as  also  in  the  counties  of  Cumberland  and  WestDor^' 
land,  it  is  likewise  met  with  in  the  county  of  Wicklow  and  other  ffiountainons  diitridi 
of  Ireland. 

All  the  best  beds  of  roofing-slate  improve  in  quality  as  they  lie  deeper  under  the  itt 
thee ;  near  to  which,  indeed,  they  have  little  value. 

A  good  roofing-slate  should  split  readily  into  thin  even  laminc;  it  should  mCIc 
tbaorbent  of  water  either  on  its  face  or  endwise,  a  property  evinced  by  its  not  um 
perceptibly  in  weight  aAer  immersion  in  water ;  and  it  ihoakl  be  toand,  conpnct. 
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BOt  apt  to  disiotegrate  in  the  air.    The  slate  raised  at  Eifldale^  on  the  west  eoast  of 
Aigyllshire,  is  Tery  durable. 

Cleaving  and  dresiing  of  the  elates, — The  splitter  begins  hy  dividing  the  block,  cut 
lengthwise,  to  a  proper  size,  which  he  rests  on  end,  and  steadies  between  his  knees.  He 
^ses  a  tnallpt  and  a  chisel,  which  he  introduces  into  the  stone  in  a  direction  parallel  to 
ihtt  folia.  By  this  means  he  reduces  it  into  several  manageable  pieces,  and  he  gives  to 
each  the  requisite  length,  by  cutting  cross  grooves  on  the  flat  face,  and  then  striking  the 
•lab  with  the  chisel.    It  is  aAerwards  split  into  thinner  sections,  by  finer  chisels  dex- 

.  teroQsly  applied  to  the  edges.  The  slate  is  then  dressed  to  the  proper  shape,  by  being 
laid  on  a  block  of  wood,  and  having  its  projecting  parts  at  the  ends  and  sides  eut  oa 
with  a  species  of  hatchet  or  chopping-knife.  It  deserves  to  be  noticed,  that  blocks  of 
•late  may  lose  their  property  of  divisibility  into  thin  buninse.  This  happens  from  long 
exposure  to  the  air,  aAer  they  have  been  quarried.    The  workmen  say,  then,  that  they 

.  kave  lost  their  waters.    For  this  reason,  the  number  of  splitters  ought  to  be  always 

Kiportioned  to  the  number  of  block-hewers.  Frost  renders  the  blocks  more  fissile; 
t  a  supervening  thaw  renders  them  quite  refractory.  A  imw  frost  restores  the  (acuity 
d* splitting,  though  not  to  the  same  degree;  and  the  workmen  therefore  avail  themselves 
€f  it  without  delay.  A  succession  of  frosts  and  thaws  renders  the  quarried  blocks  qaite 
InCractable. 

3.  Whet^late,  or  Turkey  hone,  is  a  slaty  rock,  containing  a  great  proportion  of  qoarts, 
!•  which  the  component  particles,  the  same  as  in  clay*slate  and  mica-slate,  but  in  dif- 
ibrent  proportions,  are  so  very  smsill  as  to  be  indiscernible. 

4.  Polinhing  slate.  Color,  eream-yellow,  in  alternate  stripes ;  massive ;  eorapositioa 
impalpable ;  principal  fracture,  slaty,  thin,  and  straight ;  cross  fracture,  fine  earthy }  feek 

.JIne,  but  meager ;  adheres  little,  if  at  all,  to  the  tongue ;  is  very  sod,  passing  into 
JHable ;  specific  gravity  in  the  dry  state,  0*6 ;  when  imbued  with  moisture,  1*9.  It  is 
•apposed  to  have  been  formed  from  the  ashes  of  burnt  coal.  It  is  found  at  Planiti, 
tt0Ar  Zwickau,  and  at  Kutschlin  near  Bilin  in  Bohemia. 

6.  Dratoing-elate,  or  black  chalk ;  has  a  grayish-black  eolor ;  is  very  soA,  seetile, 
^••ily  broken,  and  adheres  slightly  to  the  tongue;  spec.  grav.  2*11.  The  streak  it 
l^istening.  It  occurs  in  beds  in  primitive  and  transition  day-slate ;  also  in  secondary 
mmations,  as  in  the  coal-measures  of  most  countries.  It  is  used  in  crayon  drawing. 
its  trace  upon  paper  is  regular  and  black.  The  best  kinds  are  found  in  Spain,  Italy,  aiid 
France.    Some  good  black  chalk  occurs  also  in  Caernarvonshire  and  in  the  island  of  Islay. 

6.  jJdhesive  slate,  has  a  light  in'eenish-gray  color,  is  easily  broken  or  exlbliated,  has 
ft  shining  streak,  adheres  strongly  to  the  tongue,  and  absorbs  water  rapidly,  with  the 
fOiission  of  air-bubbles  and  a  crackling  sound. 

7.  Bituminous  shale,  is  a  species  of  soft,  sectile  slate-clay,  much  impregnated  witk 
Mtnmen,  which  occurs  in  the  coal-measures. 

8.  Slate-clay,  has  a  gray  or  grayish-yellow  color;  is  massive,  with  a  dull  glimmer- 
ing lustre  from  spangles  of  mica  interspersed.  Its  slaty  fracture  approaches  at  times  to 
earthy  ;  fragments,  tabular ;  soft,  sectile,  and  very  frangible ;  specific  gravity,  2*6.  Il 
adheres  to  the  tongue,  and  crumbles  down  when  immersed  for  some  time  in  water.  It 
it  found  as  an  alternating  bed  in  the  coal-measures.  (See  the  sections  of  the  strata 
•nder  Pitcoal.)  When  breathed  upon,  it  emits  a  strong  argillaeeons  odor.  When 
ftee  from  lime  and  iron,  it  forms  an  excellent  material  for  making  refractory  fire-brieks» 
feing  an  infusible  compound  of  alumina  and  silica;  one  of  the  best  examidtt  of  whkk 
Il  the  schist  known  by  the  name  of  Stourbridge  clay. 

SMALL  WARES,  is  the  name  given  in  this  country  to  textile  articles  of  the  tftpt 
ftind,  narrow  bindings  of  cotton,  linen,  silk,  or  woollen  fabric ;  plaited  sash  eord,  braid^ 
ite.  Tapes  are  woven  upon  a  loom  lUce  that  for  weaving  ribands,  which  it  now  gener«> 
glly  driven  by  mechanical  power.  Messrs.  Worthington  and  Mnlliner  obtained  a  patent^ 
lb  June,  1825,  for  improvements  in  such  a  loom,  whkh  have  answered  the  parposet  of 
t&tir  large  factory  in  Manchester  Tery  well;  and  in  May,  1831,  Mr.  Whitehead,  of  the 
••me  town,  patented  certain  improvements  in  the  manufactnre  of  small  wares.  The  objectt 
iiCthe  latter  patent  are,  the  regular  taking  up  of  the  tape  or  cloth,  at  it  is  woven,  m 
^tttter  facility  of  varying  the  vibration  of  the  lay,  tc^ether  with  the  taving  of  room  r»* 
^pUred  for  a  range  of  looms  to  stand  in.*    See  Braiding  Machiitb. 

SMALT,  see  Azuax  and  Cobalt. 

Imported  for  home  consumption  in  1834, 162;i32  Ibt.  $  in  1885^  96,649 }  in  1836^ 
79|531 ;  doty,  id,  per  lb. 

SMELTING,  is  the  operation  by  which  the  ores  of  iron,  copper,  kad.  Ate.,  m  Hh 
doeed  to  the  metallic  state.    See  Mrtaixueot,  Oues,  and  the  retpeetive  metnlt. 

SOAP  (Savon,  Fr. ;  Stife,  Germ.),  it  a  chemienl  eonyonnd,  of  tnponiicd  fait  it 
•Hi  with  potash  or  toda,  prepared  for  the  pnrpttit  of  wathing  linen,  frc    FMtf 


*  Nflwtoali  LMidn  Joaanl,  VOL  siii.  a.  m  i  1^  vd.  k  soaAiMtf  MSMS,  fL  tttk 


1148  SOAP. 

matters,  when  subjected  to  the  action  of  alkaline  leys,  nndergo  a  remarkaUe  chaage^ 
being  converted  into  three  different  acids,  called  stearic,  margaric,  and  oleic ;  and  it  is 
these  acids,  in  fact,  which  combine  with  the  bases,  in  definite  proportions,  to  formcompoaaii 
analogous  to  the  neutro-saline.  Some  chemlod  writers  describe  under  the  title  sotf^ 
every  compound  which  may  result  from  the  union  of  fats  with  the  various  earths  aai 
metallic  oxydes — a  latitude  of  nomenclature  which  conmion  language  cannot  recogBiM^ 
and  which  would  perplex  the  manufacturer. 

Soaps  are  distinguished  into  two  great  classes,  according  to  their  consistence ;  the 
hard  and  the  soA ;  the  former  being  produced  by  the  action  of  soda  upon  fats,  the  lattff 
by  that  of  potash.  The  nature  of  the  fats  contributes  also  somewhat  to  the  consistCMi 
of  soaps ;  thus  tallow,  which  contains  much  stearine  and  margarine,  forms  with  poUik 
a  more  consistent  soap  than  liquid  oils  will  do,  which  consist  chiefly  of  oleine.  Tie 
drying  oils,  such  as  those  of  linseed  and  poppy,  produce  the  softest  soaps. 

\,  Of  the  manufacture  of  hard  toap. — The  fat  of  this  soap,  in  the  northern  countriei 
of  Europe,  is  usually  tallow,  and  in  the  southern,  coarse  olive  .oiL  Different  species  sf 
grease  are  saponified  by  soda,  with  different  degrees  of  facility ;  among  oils,  the  olifL 
•weet  almond,  rapeseed,  and  castor  oil ;  and  among  solid  fats,  tallow,  bone  grease,  •■! 
butter,  are  most  easily  saponified.  According  to  the  practice  of  the  United  Kingdom 
six  or  seven  days  are  required  to  complete  the  formation  of  a  pan  of  hard  soap,  and  a 
day  or  two  more  for  settling  the  impurities,  if  it  contains  rosin.  From  12  to  13  ewli. 
of  tallow  are  estimated  to  produce  one  ton  of  good  soap.  Some  years  ago,  in  mm 
manufactories  the  tallow  used  to  be  saponified  with  potash  leys,  and  the  resulting  mk 
soap  was  converted,  in  the  course  of  the  process,  into  hard  soap,  by  the  introdoeliQa 
of  muriate  of  soda,  or  weak  kelp  leys,  in  sufiicient  quantity  to  furnish  the  proper  quantity 
of  soda  by  the  reaction  of  the  potash  upon  the  neutral  salts.  But  the  high  prieea 
potash,  and  the  diminished  price  as  well  as  improved  quality  of  the  crude  sodas,  hnt 
led  to  their  general  adoption  in  soap-works.  The  soda-ash  used  by  the  soap-boilor,  esi- 
tains  in  general  about  36  per  cent,  of  real  soda,  in  the  state  of  dry  carbonate,  mixed  will 
muriate  of  soda,  and  more  or  less  undecomposed  sulphate.  I  have  met  lately  with  sodi* 
ash,  made  from  sulphate  of  soda,  in  which  the  materials  had  been  so  ill  worked,  aad  id 
imperfectly  decomposed,  as  to  contain  16  per  cent,  of  sulphate,  a  circumstance  eqiair 
disgraceful,  as  it  was  ruinous  to  the  soda  manufacturer.  The  barillas  from  Spain  im 
Teneriffe  contain  fVom  18  to  24  per  cent,  of  real  soda.  The  alkali  in  both  tlalei^ 
employed  in  England ;  barilla  being  supposed  by  many  to  yield  a  finer  white  or  cni 
aoap,  on  account  of  its  freedom  from  sulphur. 

The  crude  soda  of  either  kind  being  ground,  is  to  be  stratified  with  lioie  ii 
cylindrical  cast-iron  vats,  from  6  to  7  feet  wide,  and  from  4  to  5  feet  deep ;  the  knnil 
layer  consisting,  of  course,  of  unslaked  or  shell  quicklime.  The  vats  have  a  false  bottoa^ 
perforated  with  holes,  and  a  lateral  tubulure  under  it,  closed  commonly  with  a  woodei 
plug,  similar  to  the  ipint  of  the  French  soap  pans,  by  which  the  leys  trickle  off  cktr 
and  caustic,  after  infiltration  through  the  beds  of  lime.  The  quantity  of  lime  most  bl 
proportional  to  the  carbonic  acid  in  the  soda. 

Upon  1  ton  of  tallow  put  into  the  soap  pan,  about  200  gallons  of  soda  ley,  cf 
specific  gravity  1*040,  being  poured,  heat  is  applied,  and  after  a  very  gentle  eboBttiai 
of  about  4  hours,  the  fat  will  be  found  to  be  completely  saponified,  by  the  test  of  Iki 
spatula,  trowel,  or  pallet  knife ;  for  the  fluid  ley  will  be  seen  to  separate  at  once  upM 
the  steel  blade,  from  the  soapy  paste.    Such  leys,  if  composed  of  pure  caustic  loK 
would  contain  4  per  cent,  of  alkali ;  but  from  the  presence  of  neutro-saline  matter,  tky 
seldom  contain  so  much  as  2  per  cent. ;  in  fact,  a  gallon  may  be  estimated  to  eoatiii 
not  more  than  2  ounces ;  so  that  200  gallons  contain  25  pounds  of  real  soda.    The  in 
being  withdrawn  from  the  soap  pan,  the  mass  is  allowed  to  cool  during  one  hour,  or  t 
little  more,  after  which  the  spent  leys,  which  are  not  at  all  alkaline,  are  run  off  by  a  spigal 
below,  or  pumped  off  above,  by  a  pump  set  into  the  pan.    A  second  similar  charge  of  kjii 
now  introduced  into  the  pan,  and  a  similar  boiling  process  is  renewed.    Three  such  bob 
may  be  given  in  the  course  of  one  day's  work,  by  an  active  soap-maker.   Next  day  the  MM 
routine  is  resumed  with  somewhat  stronger  leys,  and  so  progressively,  till,  towards  the  mA 
day,  the  ley  may  have  the  density  of  1*160,  and  will  be  found  to  contain  6  percent,  of  led 
soda.*    Were  the  ley  a  solution  of  pure  caustic  soda,  it  would  contain  at  this  density  lo 
less  than  14{  per  cent,  of  alkali.    The  neutro-saline  matter  present  in  the  spent  ieyk 
essential  to  the  proper  granulation  and  separation  of  the  saponaceous  oomponnd ;  ttL 
otherwise  the  watery  menstruum  would  dilute  and  even  liquefy  the  soap.    Supporiai 
12|  cwts.  of  tallow  to  yield  upon  an  average  20  cwts.  of  hard  soap,  then  20  cwts,  of  taOiV 
wiU  produce  32  cwts. ;  and  as  its  average  contents  in  soda  are  6  per  cent.,  these  38 
dwuld  require  1*52  cwts.  of  real  soda  for  their  production.    If  barilla  at  20  per 
bt  the  alkali  employed,  then  7*6  cwts.  of  barilla  must  l>e  eonramed  in  the  iaid 

•  Aeooidiag  te  my  oivb  eqwrioMiita  vpoa  th*  sods  by  aasd  hi  tha 
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If  the  alkali  be  soda-ash  of  40  per  cent.,  half  the  weight  will  of  coarse  suffice.  I  hare 
ivason  to  believe  that  there  is  great  waste  of  alkali  incarred  in  many  soap-works,  as  6  ewts. 
<if  soda-ash,  of  at  least  30  per  cent.,  are  often  expended  in  making  1  ton  of  soap,  being  50 
cent,  more  than  really  enters  into  the  composition  of  the  soap. 

The  barillas  always  contain  a  small  proportion  of  potash,  to  which  their  peculiar  Talue, 
fm  making  a  less  brittle  or  more  plastic  hard  soap  than  the  factitious  sodas,  may  with 
great  probability  be  ascribed.  Chemistry  affords  many  analogies,  especially  in  mineral 
wmters,  where  salts,  apparently  incompatible,  co-exist  in  dilute  solutions.     We  may  thus 

iceive  how  a  small  quantity  of  stearate  or  oleate  of  potash  may  resist  the  decomposing 

tion  of  the  soda  salts.  The  same  modification  of  the  consistence  of  hard  soap  may, 
rever,  be  always  more  conveniently  produced  by  a  proper  admixture  of  oleine  with 
irine. 

Soda  which  contains  sulphnrets  is  preferred  for  making  the  mottled  or  marbled  soap, 
whereas  the  desulphureted  soda  makes  the  best  white  curd  soap.  Mottling  is  usually 
given  in  the  London  soap-works,  by  introducing  into  the  nearly  finished  soap  in  the 
gui  a  certain  quantity  of  the  strong  ley  of  crude  soda,  through  the  rose  spout  of  a 
Witerin?-can.  The  dense  sulphnreted  liquor,  in  descending  through  the  pasty  masa^ 
onuses  the  marbled  appearance.  In  France  a  small  quantity  of  solution  of  sulphate 
of  iron  is  added  during  the  boiling  of  the  soap,  or  rather  with  the  first  service  of 
the  leys.  The  alkali  seizes  the  acid  of  the  sulphate,  and  sets  the  protoxyde  of  iron 
ftee,  to  mingle  with  the  paste,  to  absorb  more  or  less  oxygen,  and  to  produce  thereby 
O  variety  of  tints.  A  portion  of  oxyde  combines  also  with  the  stearine  to  form  a 
Metallic  soap.  When  the  oxyde  passes  into  the  red  state,  it  gives  the  tint  called  manteaim 
Mtmbelle,  As  soon  as  the  mottler  has  broken  the  paste,  and  made  it  pervious  in  all  directions^ 
hb  ceases  to  push  his  rake  from  right  to  left,  but  only  plunges  it  perpendicularly,  till  he 
ICftches  the  ley ;  then  he  raises  it  suddenly  in  a  vertical  line,  making  it  act  like  the 
tiroke  of  a  piston  in  a  pump,  whereby  he  lifts  some  of  the  ley,  and  spreads  it  over  the 
MUrface  of  the  paste.  In  its  subsequent  descent  through  the  numerous  fissures  and  chan- 
mIs,  on  its  way  to  the  bottom  of  the  pan,  the  colored  ley  impregnates  the  soapy  particles 
io  various  forms  and  decrees,  whence  a  varied  marbliniT  results. 

Three  pounds  of  olive  oil  afford  five  pounds  of  marbled  Marseilles  soap  of  good  qna- 
Kty,  and  only  four  pounds  four  ounces  of  white  soap;  showing  that  more  water  is 
nUined  by  the  former  than  the  latter.  Oils  of  grains,  as  linseed  and  rapeseed,  do  not 
aflbrd  so  solid  n  soda  soap  as  oil  of  olives ;  but  tallow  affords  a  still  harder  soap  with 
■oda.  Some  of  the  best  Windsor  soap  made  in  London  contains  one  part  of  olive  oil 
(gmDipoIi)  for  every  nine  parts  of  tallow.  Much  of  the  English  hard  soap  is  made 
with  kitchen  and  bone  fat,  of  a  very  coarse  quality ;  the  washing  of  the  numerous 
aaceessive  leys,  however,  purifies  the  foul  fats,  and  deprives  them  of  their  offensive  smell 
ill  a  great  deerec.  It  is  common  now  at  Marseilles  to  mix  ten  per  cent,  of  the  oil  of 
grains  with  olive  oil ;  for  which  purpose  a  large  proportion  of  the  oils  extracted  from  seeds 
Uk  the  mills  of  the  Department  du  Nord  is  sent  to  Marseilles ;  but  five  per  cent,  of  poppy- 
oeed  oil,  mixed  with  tallow,  renders  the  soap  made  with  the  mixture  stringy  and  unfit  for 
irashins: ;  because  the  two  species  of  fat  refuse  to  amalgamate. 

The  affinity  between  the  stearine  of  tallow  and  the  alkali,  is  so  great  that  a  soap  may 
%t  speedily  made  from  them  in  the  cold.  If  we  melt  tallow  at  the  lowest  possible 
temperature,  and  let  it  cool  to  the  fixing  point,  then  add  to  it  half  its  weight  of  caustie 
ley,  at  36^  B.,  agitating  meanwhile  incessantly  with  a  pallet  knife,  we  shall  perceive,  at 
flie  end  of  some  hours  of  contact,  the  mixture  suddenly  acquire  a  very  solid  consistence, 
asd  at  the  same  moment  assume  a  marked  elevation  of  temperature,  proving  the  pheno- 
■lenon  to  be  due  to  chemical  attraction.  In  some  trials  of  this  kind,  the  thermometer  hai 
visen  from  54®  to  140"  F. 

According  to  recent  experiments  made  in  Marseilles,  100  pounds  of  olive  oil  take,  for 
fktax  conversion  into  soap,  54  pounds  of  crude  soda,  of  36  per  cent,  alkaline  strength. 
One  part  of  lime  is  employed  for  rendering  three  parts  of  the  soda  caustic.  The  richer 
Ike  oil  is  in  stearine,  the  more  dilute  should  be  the  ley  used  in  the  saponification ;  and 
wki^  versa  when  it  abounds  in  oleine.  For  oil  of  the  former  kind,  the  first  lejrs  added 
ItHi  a  density  of  from  8®  to  9**  B. ;  but  for  the  latter  kind,  the  density  is  from  10°  to  ll^ 
When  four  parts  of  olive  oil  are  mixed  with  one  part  of  poppy,  rape,  or  linseed  oil,  ai 
it  now  the  general  practice  at  Marseilles,  then  for  such  a  mixture  the  first  leys  have 
osually  a  specific  gravity  of  from  2(3P  to  25°,  the  second  from  1(P  to  15^  and  the  third 
ilrDm  4®  to  5**,  constituting  a  great  difference  llrom  the  practice  in  Great  Britain,  where 
IIm  weaker  leys  are  generally  employed  at  the  commencement.  The  chief  reason  for  this 
practice  is,  however,  to  be  found  in  the  more  complete  causticity  of  the  weak  than  of 
the  strong  leys,  according  to  the  slovenly  way  in  which  most  of  our  soap-boilers  prepare 
fStteva,  Tn  le<*d,  one  very  extensive  manufacturer  of  soap  in  London  assured  me  that  the 
loyt  should  not  ^)e  caustic;  an  extraordinary  assertion,  npon  which  no  comment  need  be 
Mde.    In  common  cases,  I  would  reconunend  the  lint  oombination  of  the  ingredienti 
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to  be  made  with  somewhat  wmk,  bat  perfectly  caottie  lef ,  wad  wfcai  the  ipgwifaitioiii 
fiuriy  established,  to  introduce  the  stronger  ley. 

Id  a  Marseilles  soap-house,  there  are  four  ley-vats  in  each  aeC :  No.  1  is  tbe/mh  9^ 
into  which  the  fresh  alkali  and  lime  are  introduced;  No.  2  k  called  tbe  mnmfntt 
being  one  step  in  advance;  No.  3  is  the  small  avaM^airty  being  two  ste|Ns  in  advaDce^ssi 
therefore  containing  weaker  liquor;  No.  4  is  called  the  loalcr  Tat, beeaose  it  receives Ai 
water  directly. 

Into  No.  3  the  moderately  exhausted  or  somewhat  spent  leys  are  thrown.  Fnao  Ikt 
3  the  ley  is  run  or  pumped  into  No.  2,  Ui  be  strengthened ;  and  in  like  manner  fran  Mib 
3  into  No,  1.  Upon  the  lime  paste  in  No.  4,  which  has  been  taken  fram  No.  3,  MM 
is  poured ;  the  ley  thus  obtained  is  poured  upon  the  paste  of  No.  3,  which  has  been  Hki 
from  No.  2.  No.  3  is  twice  lixiviated  ;  and  No.  2,  once.  Thereceiver  nnder  Ha  I 
has  four  compartments;  into  No.  1  of  which  the  first  and  strongest  ley  is  mn;  inloRa 
2  the  second  ley  ;  into  No.  3  the  third  ley;  and  into  No.  4  the  fomth  ley,  which ii9 
weak  as  to  be  used  fur  lixiviation,  instead  of  water ;  (posr  d'avoaces). 

The  lime  of  vat  Nu.  4,  when  exhausted,  is  emptied  out  of  the  window  near  to  aM 
it  stands ;  in  which  case  the  water  is  poured  upon  the  contents  of  No.  3  j  and  npoa  Mk 
2  the  somewhat  spent  leys. 

No.  I  is  now  the  avan^airt  of  No.  4;  because  this  has  become^  in  its  turn,  tbe)W 
vat,  into  which  the  fresh  soda  and  quicklime  are  put.  The  ley  discharged  from  Na  I 
comes,  in  this  case,  upon  No.  2 ;  and  after  being  run  through  it,  is  thrown  upon  N&  1. 

144  pounds  of  oil  yield  at  Marseilles,  upon  an  average,  not  more  than  from  240  loM 
pounds  of  soap ;  or  100  pounds  yield  about  168 ;  so  that  in  making  100  pounds  of  soa|^i 
this  rate  nearly  60  pounds  of  oil  are  consumed. 

OP  Ti:UX>W  OR  KO8IN  SOAP. 

Rosin,  although  very  soluble  in  alkaline  menstrua,  is  not  however  susceptible,  like fil^ 
of  being  transformed  into  an  acid,  and  will  not  of  course  saponify,  or  form  a  proper  soaylff 
itself.  The  more  caustic  the  alkali,  the  less  consistence  has  the  resinous  compooadaya 
is  made  with  it.  Hence  fat  of  some  kind,  in  considerable  proportion,  most  be  nsed  akB| 
with  the  rosin,  the  mtntmam  being  equal  parts ;  and  then  the  soap  is  far  from  being  gssL 
As  alkaline  matter  cannot  be  neutralized  by  rosin,  it  preserves  its  peculiar  acrimoayiia 
soap  poor  in  fat,  and  is  ready  to  act  too  powerfully  upon  woollen  and  all  other  anial 
fibres  to  which  it  is  applied.  It  is  said  that  rancid  tallow  serves  to  mask  the  strong  ote 
of  rosin  in  soap,  more  than  any  oil  or  other  species  of  fat.  From  what  we  have  jMt 
said,  it  is  obviously  needless  to  make  the  rosin  used  for  yellow  soaps  pass  through  aD  tk 
stages  of  the  saponifying  process ;  nor  would  this  indeed  be  proper,  as  a  portion  of  Ik 
cosin  would  be  carried  away,  and  wasted  with  the  spent  leys.  The  best  mode  of  proeni' 
ing,  therefore,  is  first  of  all  to  make  the  hard  soap  in  the  usual  manner,  and  at  the  hrt 
service  or  charge  of  ley,  namely,  when  this  ceases  to  be  absorbed,  and  preserves  ia  Ik 
boilins:-pan  its  entire  causticity,  to  add  the  proportion  of  rosin  intended  for  the  soap* 
In  order  to  facilitate  the  solution  of  the  rosin  in  the  soap,  it  should  be  reduced  to  coane 
powder,  and  well  incorporated  by  stirring  with  the  rake.  The  proportion  of  rasis  ii 
usually  from  one  third  to  one  fourth  the  weight  of  the  tallow.  The  boil  must  be  kept 
up  for  some  time  with  an  excess  of  caustic  ley ;  and  when  the  paste  is  found,  on  copStg 
a  sample  of  it,  to  acquire  a  solid  consistence,  and  when  diffused  in  a  little  water,  Ml 
to  leave  a  resinous  varnish  on  the  skin,  we  may  consider  the  soap  to  be  finished.  Wt 
next  proceed  to  draw  off  the  superfluous  leys,  and  to  purify  the  paste.  For  Ikil 
purpose,  a  quantity  of  leys  at  80^  B.  being  poured  in,  the  mass  is  heated,  wodni 
weU  with  a  rake,  then  allowed  to  settle,  and  drained  of  its  leys.  A  second  service  d 
leys,  at  4**  B.,  is  now  introduced,  and  finally  one  at  2?;  after  each  of  which,  there  is  tk 
usual  agitation  and  period  of  repose.  The  pan  being  now  skimmed,  and  the  scam  i»> 
moved  for  another  operation,  the  soap  is  laded  oflf  by  hand-pails  into  its  frame-moulds.  A 
Vttle  palm  oil  is  usually  employed  in  the  manufacture  of  yellow  soap,  in  order  to  oomBI 
the  flavor  of  the  rosin,  and  brighten  the  color.  This  soap,  when  well  made,  ought  to  k 
of  a  fine  wax-yellow  hue,  be  transparent  upon  the  edges  of  the  bars,  dissolve  readily  ii 
water,  and  aflford,  even  with  hard  pump-water,  an  excellent  lather. 

The  frame-moulds  for  hard  soap  are  composed  of  strong  wooden  ban,  made  into  fti 
form  of  a  parallelogram,  which  are  piled  over  each  other,  and  bound  together  by  mcasi 
iron  rods,  that  pass  down  through  them.  A  square  well  is  thus  formed,  which  in  laifs  Mip 
factories  is  sometimes  10  feet  deep,  and  capable  of  containing  a  couple  of  tons  of  soap. 

Mr.  Sheridan  some  time  since  obtained  a  patent  for  combining  silicate  of  soda  vHI 
hard  soap,  by  triturating  them  together  in  the  hot  and  pasty  state  with  a  erutdi  il 
an  iron  pan.  In  this  way  from  10  to  30  per  cent  of  the  silieate  may  be  introdncii 
Such  soap  possesses  very  powerful  detergent  qualities,  but  it  is  apt  to  feel  hard  aad  It 
somewhat  gritty  in  use.  The  silicated  soda  is  prepaired  by  boiling  ground  flints  i>  * 
strong  caustic  ley,  till  the  specific  gravity  of  the  compouod  rises  fo  neariy  donbk  tk 
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'^  taiftity  of  water.    It  then  contains  about  35  grains  of  siliea,  and  46  of  soda-hydrate,  im 
100  grain?.* 
*       Hard  soap,  aAer  remaining  two  days  in  the  frames,  is  at  first  divided  horizontally 
^^  iilo  parallel  tablets,  3  or  4  inches  thick,  by  a  brass  wire ;  and  these  tablets  are  again  cat 
■■  iwrtieally  into  oblong  nearly  square  bars,  called  wedges  in  Scotland, 
■i      The  soap-pans  used  in  the  United  Kingdom  are  made  of  cast  iron,  and  in  three  sepa^ 
tite  pieces  joined  together  by  iron-rust  cement.    The  following  is  their  general  form  i-* 
■i-  Hie  two  upper  frusta  of  cones  are  called  curbs ;  the  third,  or  undermost,  is  the  pan,  to 
■■  which  alone  the  heat  is  applied,  and  which,  if  it  gets  cracked  in  the  course  of  boiling, 
■t  Wmf  easily  be  lifted  tip  within  the  conical  pieces,  by  attaching  chains  or  cords  for  raising 
ii  k,  without  disturbing  the  masonry,  in  which  the  curbs  are  firmly  set    The  surface  of 
In  Hhm  hemispherical  pan  at  the  bottom,  is  in  general  about  one  tenth  part  of  the  surface 
W  €f  the  conical  sidest 

t^i        The  white  ordinary  tallow  soap  of  the  London  manufacturers,  called  curd  soap,  eon* 
■iats,  by  my  ezperiihents,  of — fat,  52 ;  soda,  6 }  water,  42 ;  zs  100.    Nine  tenths  of  the 
r    lilt,  at  least,  is  tallow. 

E         I  have  examined  sereral  other  soaps,  and  ha?e  found  their  composition  somewhat 
different. 

l^e  foreign  Castile  soap  of  the  apothe- 
tmrj  has  a  specific  gravity  of  1*0705,  and 
ooBsivts  of-^ 

Soda        «•  •  -  -    9 

Oily  fat  .  .  .  .  76-5 

Water  and  coloringnnatter  -  14*5 

1000 
Bnglish  imitation  of  Castile  soap,  spec. 
nrrnT.  0-9669,  consists  of-~ 
Soda      - 

pasty  consistenced  fat  - 
Water,  with  a  little  cobring* 
matter 


10-5 
75-2 


14*3 


100*0 

A  perAimer's  white 

toap  was 

found 

QODsist  of— 

Soda                    • 

• 

•    9 

F^tty  matter 

• 

.  76 

Water     - 

• 

-  16 
100 

OlasgDw  white  8oap-« 

Soda 

• 

•    6*4 

Tallow    - 

• 

.  60*0 

Water     • 

• 

-  33-6 
100*0 

CHasgow  brown  rona  •oip'^ 

Soda 

. 

•     6*6 

Fat  and  rosin      - 

. 

.  70*0 

Water     - 

* 

«23*5 

to 


A  London  coooa-nnt  oil 

soap 

wasfoond 

to  consist  of— 

Soda       . 

-    4*6 

Cocoa-nut  lard  • 

-  220 

Water    - 

.  73-6 

lOOH) 

This  lemaikable  aoap  was  sufilcientW 
solid;  but  it  dissolved  in  hot  water  witil 
extreme  facility.  It  Is  called  marine  soap, 
because  it  washes  linen  with  sea  water. 

A    poppy*niit-oil   hard    soap   consisted 
of— 
Soda  ... 

Oil  ... 

Water        ... 


100-0 


The  soap  known  in  France  by  the  name 
of  toap  la  tabUty  consists,  according  to 
M.  Thenaid's  analysis,  of—- 
Soda  ...  4*6 

Fatty  matter  •  •         604 

Water         ...         464 

100*0 

M.  IVAreet  states  the  analysis  of  Afaik 
seilles  soap  at— 
Soda  ...  6 

OU  ...        60 

Water  •  •        84     . 

100 


sorrsoAp* 

The  principal  difference  between  soaps  with  base  of  soda,  and  soaps  with  base  of  pot* 
mtt,  depends  upon  their  mode  of  combination  with  water.  The  former  absorb  a  large 
qvantity  of  it,  and  become  solid ;  they  are  chemical  hydrates.  The  others  experience  a 
much  feebler  cohesive  attraction ;  but  they  retain  much  more  water  in  a  state  of  mere 
Biixture. 

Three  parts  of  fat  afiTord,  in  general,  fully  five  parts  of  soda  soap,  well  dried  in  the  open 
mir ;  but  three  parts  of  fat  or  oil  will  afford  from  six  to  seven  parts  of  potash  soap  of 
ttoderate  consistence.  This  feebler  cohesive  force  renders  it  apt  to  deliquesce,  especially 
if  there  be  a  small  excess  of  the  alkali.  It  is,  therefore,  impossible  to  separate  it  fVom 
the  leys ;  and  the  washing  or  rtlargagt^  practised  on  the  haid-aoap  process,  is  inadmissl* 
hie  in  the  soft.  Perhaps,  however,  this  concentration  or  abstraction  of  water  might  be 
effected  by  using  dense  leys  of  muriate  of  potash. .  Those  of  muriate  or  sulphate  of 
eoda  change  the  potash  into  a  soda  soap,  by  double  decomposition.    From  its  superior 

*  By  mj  own  exintiaMBts  vpoa  tb*  Uaiiid  nlicato  sad*  at  Mr.  Oibbi^  «ratn«Bt  wap  faetmy. 
t  Mj  owB  axptrtaMatB.    f  aa  Pala,  Ouii  aad  Staaiiaa. 
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solubility,  more  alkaline  reaction,  and  lower  price,  potash  soap  ii  preferred  for  DUf 
purposes,  and  especially  for  scouring  woollen  yarns  and  sluifs. 

SoA  soaps  are  usually  made  in  this  country  with  whale,  seal,  oUye,  and  linseed  oil% 
and  a  certain  quantity  of  tallow;  on  the  continent,  with  the  oils  of  hempseed,  seMae^ 
rapeseed,  linseed,  poppy-seed,  and  colza ;  or  with  mixtures  of  sereral  of  these  oils.  Wha 
tallow  is  added,  as  in  Great  Britain,  the  object  is  to  produce  white  and  somewhat  solid 
grains  of  stearic  soap  in  the  transparent  mass,  called  figging,  becanse  the  soap  thea  ra> 
sembles  the  granular  texture  of  a  fig. 

The  potash  leys  should  be  made  perfectly  caustic,  and  of  at  least  two  diflieral 
strengths ;  the  weakest  being  of  specific  gravity  1*05 ;  and  the  strongest,  1*30,  or  eiei 
1*25.  Being  made  from  the  potashes  of  commerce,  which  contain  seldom  more  tku 
60  per  cent.,  and  oAen  less,  of  real  alkali,  the  leys  correspond  in  specific  granly  lo 
double  their  alkaline  strength  ;  that  is  to  say,  a  solution  of  pure  potash,  of  the  nbm 
density,  would  be  fully  twice  as  strong.  The  following  is  the  process  followed  by  n. 
spectable  manufacturers  of  soA  soap  {aavon  vert,  being  naturally  or  artificially  greo) 
upon  the  continent. 

A  portion  of  the  oil  being  poured  into  the  pan,  and  heated  to  nearly  the  boiling  puiil 
of  water,  a  certain  quantity  of  the  weaker  ley  is  introduced;  the  fire  being  kept  ap  « 
as  to  bring  the  mixture  to  a  boiling  state.  Then  some  more  oil  and  ley  arc  added  tl* 
ternately,  till  the  whole  quantity  of  oil  destined  for  the  pan  is  introduced.  The  ebil* 
lition  is  kept  up  in  the  gentlest  manner  possible,  and  some  stronger  ley  is  occasiooili; 
added,  till  the  workman  judges  the  saponification  to  be  perfect.  The  boiling  beeoaa 
progressively  less  tumultuous,  the  frothy  mass  subsides,  the  |>aste  grows  transparent, tsd 
it  gradually  thickens.  The  operation  is  considered  to  be  finished  when  the  paste  cca«f 
to  atfect  the  tongue  with  an  acrid  pungency,  when  all  milkiness  and  opacity  disappeUf 
and  when  a  little  of  the  soap  placed  to  cool  upon  a  glass  plate,  assumes  the  proper 
consistency. 

A  peculiar  phenomenon  may  be  remarked  in  the  cooling,  which  affords  ft  good  crlfeiios 
of  the  quality  of  the  soap.  When  there  is  formed  around  the  little  patch,  an  opaque  lonc^ 
a  fraction  of  an  inch  broad,  this  is  supposed  to  indicate  complete  saponification,  and  it 
cidled  the  strength ;  when  it  is  absent,  the  soap  is  said  to  want  its  strength.  When  tkii 
zone  soon  vanishes  aAer  being  distinctly  seen,  the  soap  is  said  to  have/a/«e  strength. 
When  it  occurs  in  the  best  form,  the'soap  is  perfect,  and  may  be  secured  in  that  sUte 
by  removing  the  fire,  and  then  adding  some  good  soap  of  a  previous  round,  to  cool  it  down, 
and  prevent  further  change  by  evaporation. 

200  pounds  of  oil  require  for  their  saponification — 72  pounds  of  American  potash  of 
moderate  quality,  in  leys  at  15°  B. ;  and  the  product  is  460  pounds  of  well-boiled  sosp. 

If  hempseed  oil  have  not  been  employed,  the  soap  will  have  a  yellow  color,  insted 
of  the  green,  so  much  in  request  on  the  continent.  This  tint  is  then  given  by  the  ad- 
dition of  a  little  indigo.  This  dye-stuff  is  reduced  to  fine  powder,  and  boiled  for  sooe 
hours  in  a  considerable  quantity  of  water,  till  the  stick  with  which  the  water  is  stirred 
presents,  on  withdrawing  it,  a  gilded  pellicle  over  its  whole  surface.  The  indigo  piste 
diffused  through  the  liquid,  is  now  ready  to  be  incorporated  with  the  soap  in  the  pta, 
before  it  stiffens  by  cooling. 

M.  Thenard  states  the  composition  of  soA  soap  at — potash  9*5,  -{-  oil  44*0,  -|-  wtter 
46-5,  =  100. 

Good  soA  soap  of  London  manufacture,  yielded  to  me — potash  8*5,  -{-  oil  and  tallow 
46,  +  water  46-5. 

Belgian  soA  or  green  soap  afforded  me — potash  7,  +  oil  36,  +  water  57,  =  100. 

Scotch  soA  soap,  being  analyzed,  gave  me — potash  8,  -|-  oil  and  tallow  47,  -{-  wata  tfi 

Another  well-made  soap — potash  9,  4-  oil  and  fat  34,  -f-  water  57. 

A  rapeseed-oil  soA  soap,  from  Scotland,  consisted  of — potash  10,  -f-  oil  51*66,  -f- 
water  38-33. 

An  olive-oil  (gallipoli)  soA  soap,  from  ditto,  contained — potash  with  a  good  deslflf 
carbonic  acid  10,  oil  48,  water  42,  =  100. 

A  semi-hard  soap,  from  Vcrviers,  for  fulling  woollen  cloth,  called  savon  teommif^ 
consisted  of,  potash  11-5,  +  fat  (solid)  62,  +  water  26*5,  =  100. 

The  following  is  a  common  process,  in  Scotland,  by  which  good  soA  soap  is  made:^ 

273  gallons  of  whale  or  cod  oil,  and  4  cwts.  of  tallow,  are  put  into  the  soap-pan,  with 
250  gallons  of  ley  from  American  potash,  of  such  alkaline  strength  that  1  gallon  cos- 
tains  6600  grains  of  real  potash.  Heat  being  applied  to  the  bottom  pan,  the  miznr^ 
froths  up  very  much  as  it  approaches  the  boiling  temperature,  but  is  prevented  fios 
boiling  over  by  being  beat  down  on  the  surface,  within  the  iron  curb  or  crib  which  isr- 
mounts  the  ealJron.  Should  it  soon  subside  into  a  doughy-looking  paste,  wa  may  ioftr 
that  the  ley  has  been  too  strong.  Its  proper  appearance  is  that  of  a  thin  glue.  Wc 
should  now  introduce  about  42  gallons  of  a  stronger  ley,  Minivalent  to  8700  gr.  of  pot- 
ash per  gallon;  and  aAer  a  short  interval,  an  additional  42  galloBs;  aad  thus  m^ 
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eessively  till  nearly  600  such  gallons  have  been  added  in  the  whole.  AAer  suitable  boil- 
ing to  saponify  the  fats,  the  proper  quality  of  soap  will  be  obtaine<I,  amounting  in  quan- 
tity to  100  firkins  of  64  pounds  each,  from  the  above  quantity  of  materials. 

It  is  generally  supposed,  and  I  believe  it  to  be  true,  from  my  own  numerous  experi- 
ments upon  the  subject,  that  it  is  a  more  difficult  and  delicate  operation  to  make  a  fine 
aoft  soap  of  glassy  transparency,  interspersed  with  the  figged  granulations  of  stearate  of 
potash,  than  to  make  hard  soap  of  any  kind. 

Soft  soap  is  made  in  Belgium  as  follows  : — For  a  boil  of  18  or  20  tons,  of  100  kilo- 
in'Ainmes  each,  there  is  employed  for  the  leys — 1500  pounds  of  American  potashes,  and 
500  to  600  pounds  of  quicklimt?. 

The  ley  is  prepared  cold  in  cisterns  of  hewn  stone,  of  which  there  are  usually  five  in  a 
image.  The  first  contains  the  materials  nearly  exhausted  of  their  alkali;  and  the  last 
the  potash  in  its  entire  state.  The  ley  run  off  from  the  first,  is  transferred  into  the  se- 
cond; that  of  the  second  into  the  third ;  and  so  on  to  the  fifth. 

In  conducting  the  empatage  uf  the  soap,  they  put  into  the  pan,  on  the  eve  of  the  boil- 
ing-day, 6  aimes  (1  ohm,  =  30  gallons  imperial)  of  oil  of  colza,  in  summer,  but  a  mixture 
of  that  oil  with  linseed  oil  in  winter,  alonx;  with  2  aimes  of  potash  ley  at  13^^  B.,  and 
leave  the  mixture  without  heat  durinif  ei^ht  hours.  After  applying:  the  fire,^lhey  con- 
tinue to  boil  gently  till  the  materials  cease  lo  swell  up  with  the  heat ;  after  which,  ley 
of  16^  or  17°  must  be  introduced  successively,  in  rjuanlities  of  J  of  an  aime  after  another, 
till  from  2  to  4  aimes  be  used.  The  boil  is  finished  by  pouring  some  ley  of  20**  B.,  so 
that  the  whole  quantity  may  amount  to  9j[  aimes. 

It  is  considered  that  the  operation  will  be  successful,  if  from  the  time  of  kindling  the 
fire  till  the  finish  of  the  boil,  only  five  hours  elapse.  In  order  to  prevent  the  soap  from 
boiling  over,  a  wheel  is  kept  revolving  in  the  pan.  The  opemtive  considers  the  soap  to 
be  finished,  when  it  can  no  longer  be  drawn  out  into  threads  between  the  finger  and 
thumb.  He  determines  if  it  contains  an  excess  of  alkali,  by  takins  a  sample  out  during 
the  boil,  which  he  puts  into  a  tin  dish  ;  where  if  it  gets  covered  with  a  skin,  he  pours 
fresh  oil  into  the  pan,  and  continues  the  boil  till  the  soap  be  perfect.  No  wonder  the 
Belgian  soap  is  bad,  amid  such  groping  in  the  dark,  without  one  ray  of  science  I 

SOFT   TOILKT    S0AJ»8. 

The  soft  fancy  toilet  soaps  are  divisible  into  tw^o  classes :  ].  good  potash  soap^  colored 
and  scented  in  various  ways,  forms  the  basis  of  the  Naples  and  other  ordinary  soft  soaps 
of  the  perfumer;  2,  }>carl  soap^  (saron  nacre  j)  which  diRcrs  from  the  other  both  in  phys- 
ical aspect  and  in  mode  of  preparation. 

Ordinary  soft  Toilet  Soap. — Its  manufacture  betnc  conducted  on  the  principles  already 
laid  down,  presents  no  difficulty  to  a  man  of  ordinary  skill  and  experience;  the  only 
point  to  be  strictly  attended  to,  is  the  decree  of  evaporation,  so  as  to  obtain  soap  alwayd 
of  uniform  consistence.  The  fat  generally  preferred  is  good  hog's  lardj  of  which  thirty 
pounds  are  to  be  mixed  with  forty-five  pounds  of  a  caustic  ley  marking  17^  on  Baumc's 
scale;  the  temperature  is  to  be  gradually  raised  to  ebullition,  but  the  boil  must  not  be 
kept  up  too  long  or  too  brisklj',  till  after  the  empatas^c  or  saponification  is  completed,  and 
the  whole  of  the  ley  intimately  combined  with  the  fatty  particles;  after  this,  the  evapora- 
tion of  the  water  may  be  pushed  pretty  quickly,  by  a  steady  boil,  till  copious  vapors  cease 
to  rise.  This  criteiion  is  observed  when  the  paste  has  become  loo  stiff  to  be  stirred  free- 
ly. The  sonp  should  have  a  dazzling  snowy  whiteness,  provide<l  the  lanl  has  been  well 
refined,  by  beins:  previously  triturated  in  a  mortar,  melted  by  a  steam  heat,  and  then 
strained.  The  lard  soap  so  prepare<l,  is  semi-solid,  and  preserves  always  the  same  ap- 
pearance. If  the  paste  is  not  sufficiently  boiled,  however,  it  will  show  the  circumstance 
Tery  soon ;  for  in  a  few  days  the  soap  will  become  gluey  and  stringy,  like  a  tenacious 
mass  of  birdlime.  This  defect  may  not  only  be  easily  avoided,  but  easily  remedied,  by 
subjecting  the  paste  to  an  adequate  evaporation.  Such  soaps  are  in  great  request  for 
shaving,  and  are  most  convenient  in  use,  especially  for  travellers.  Hence  their  sale  has 
become  very  considerable. 

Pearl  .w/t  Soap, — It  is  only  a  few  years  since  the  process  for  making  this  eleenni  soap 
became  known  in  France.  It  differs  little  from  the  preceding,  and  owes  its  beautiful 
aspect  merely  to  minute  manipulations,  about  to  be  described.  Weixh  out  20  pounds 
of  purified  hog's  lard  on  the  one  hand,  and  10  pounds  of  potash  ley  at  36^  B.  on  the 
other.  Put  the  lard  into  a  porcelain  capsule,  gently  heated  upon  a  sand-bath,  stirring 
it  constantly  with  a  wooden  spatula;  and  when  it  is  half  melted,  and  has  a  milky 
appearance,  pour  into  it  only  one  half  of  the  ley,  still  stirrine,  and  keeping  up  the  same 
temperature,  with  as  little  variation  as  possible.  While  the  saponification  advances 
gradually,  we  shall  perceive,  after  an  hour,  some  fat  floating  on  the  siyrface,  like  a  film  of 
oil,  and  at  the  same  time  the  soapy  granulations  falling  to  the  bottom.  We  must  then 
add  the  second  portion  of  the  ley ;  whereon  the  granulations  immediately  disappear 
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and  the  pa^te  is  formed.  After  conducting  this  operation  durins:  foar  hoars,  the  paite 
beconncs  so  slitfairl  compact,  that  it  cannot  be  stirred;  and  must  then  helishllv  beata. 
At  this  time  the  capsule  must  be  transferred  from  the  sand-bath  into  a  basin  of  win 
water,  and  allow*  d  to  cool  very  slowly. 

Tlie  s»ap,  thoni;h  completely  made,  has  yet  no  pearly  appearance.  This  phywd 
properly  is  developetl  only  by  poumlin?  it  stronsrly  in  a  marble  mortar ;  whereby  all  id 
parliclo",  which  seemed  previouMy  separatiMJ,  combine  lo  form  a  homofireneoas  pule. 
The  perfume  civen  In  il,  !«;  alwaw  essence  of  bitter  almonds;  on  which  accoanl  theso^ 
is  called  alinotul  nv7//i,  cii:nc  d*amandeH, 

HAHl)   SOAP?    FOR    THE   TOILET. 

The  soaps  prepared  for  the  perfumer,  are  dislinuuished  into  diflerent  species,  accordia; 
to  the  fat  wliirh  forin^;  ihrir  h:i<\<.  Thus  there  i?  s«>ap  of  tallow,  of  hog^  lard,  ofoilif 
olives,  of  almon<is,  anil  palm  oil. 

It  i-i  from  the  cdmbination  of  ihe<e  diirprrnt  sorts,  mini:l»»»l  in  varions  proportions,  ni 
perfumed  asrneahiy  to  the  tasie  of  ihe  con'^iuner,  that  we  owe  the  vast  namber  of  toifcl 
soaps  sold  under  so  mmy  lantn<lic  nairie«.  Otk*  sort  is  rarely  scented  by  itself,  as  aoii- 
ture  of  several  is  ireiierally  preffrre.l ;  in  which  respect  every  perfumer  has  his  pecditf 
secret.  S*»me  toilet  sonps,  however,  require  the  employment  of  one  kind  more  than  rf 
another. 

Formerly  the  WinNor  soap  was  made  in  France,  wholly  with  mntton  suet ;  and  it  w» 
arcordi:i'jly  of  inferior  value.  \ow,  by  mixins  some  olive  oil  or  lard  with  the  saet,  t 
very  i?o«»l  \Vinds(»r  soap  is  pro<luce(i.  I  have  already  statetl,  that  the  fat  of  the  Loodsa 
Windsor  is,  nine  parts  of  q:o(k1  ox  tallow,  and  one  of  olive  oil.  A  9oap  made  eotirclf 
with  oil  and  s(»da,  does  not  afford  so  etHxl  a  lather  as  when  it  contains  a  considerable 
proportion  of  tallow. 

The  soaps  made  with  palm  oil  are  much  used ;  when  well  mnde«  they  are  of  exceDeit 
quality,  and  oupht  to  enter  largely  into  all  the  colored  sorts.  They  aatnrally  possess  lbs 
odor  of  violets. 

The  soaps  made  with  oil  of  almonds  are  very  beautiful,  and  preiterre  the  a?recaUe 
smell  of  their  peifume;  but  being  expensive,  are  introduced  sparini^ly  into  the  mixtoRi 
bv  most  manufacturers. 
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Some  perfumers  are  in  the  habit  of  making  what  maybe  called  extempore  soaps,  €■• 
ployini:  leys  at  3()°  Baumi'  in  their  formaiion.  This  method,  however,  ought  never  to 
be  adopted  by  any  person  who  prefers  (|uality  to  beauty  of  appearance.  Such  soap  ii, 
indeed,  adinivably  white,  rli<feninir,  contains  no  more  water  than  is  necessary  toitseoi- 
stitulion,  and  may  therefore  be  sold  the  day  after  it  is  made.  Bui  it  has  counter-batoa- 
cinj»  di>advanla2:es.  It  becomes  s«)on  very  hard,  is  difficultly  soluble  in  water,  aal  if 
not  made  with  tallow,  does  not  lather  well.  Hoir's  lanl  is  very  commonly  used  foriM- 
kin?  that  soap.  Twenty  kilogrammes  of  the  fat  are  taken,  to  ten  kilo&rrammes  of  ndi 
ley,  at  3t)°  B.  (specific  trraviiy  1-324) ;  as  soon  as  the  former  is  nearly  fluid,  five  kila> 
grammes  of  the  ley  are  introduce*!,  and  the  mixture  is  continually  aeitated  dnrinf  ta 
hour  with  a  woo<len  spatula.  The  temperature  should  never  be  raised  above  lftO*Fthr. 
at  the  commencement  of  the  operation  ;  at  the  end  of  one  hour,  five  other  kiloirnunnies 
of  ley  are  to  be  added,  with  careful  rceulation  of  the  heat.  The  paste  thus  formed  by  tte 
union  of  the  fat  an!  alkali,  oujiht  to  be  perfectly  homogeneous,  and  should  increase  ia 
consistence  every  h(ujr,  till  it  becomes  firm  enough  to  be  poured  into  the  frame ;  dariif 
which  transfer,  the  essential  oils  destineil  to  scent  it,  should  he  introducerl.  Next  day 
the  soap  is  hard  enough;  nor  docs  it  difier  in  appearance  from  ordinary  soap,  only  ft 
requires  ])rompt  manipulation  to  be  cut  into  bars  and  cakes;  for  when  neglected  a  day 
or  two,  it  may  b^^come  too  brittle  for  that  purpose,  and  too  hard  to  take  the  impressiot 
of  the  stamps  in  relief.  Such  an  article  gets  the  name  of  little-pan  joap,  on  account  of 
the  small  quantity  in  which  it  is  usimlly  manufactured.  Hard  soap,  made  in  the  com- 
mon way,  is,  on  the  contrary,  called  larzc-pan  xotjp.  This  extemporaneous  compoand  if 
now  seldom  or  never  made  by  respectable  manufacturers.  In  making  Windsor  soap,  the 
admixture  of  olive  oil  is  advantageous;  because,  being  richer  in  oleine  than  suet,  it»- 
ponifies  less  readily  than  it,  and  thus  favors  the  formation  of  a  more  perfect  neutral  coai- 
bination.  When  the  soap  cuts,  or  parts  from  the  ley,  when  the  paste  becomes  dotty,  or, 
in  the  language  of  the  operative,  when  the  grain  makes  its  appearance,  the  fire  sboold 
be  immediately  withdrawn,  that  the  impurities  may  be  allowed  to  subside.  This  part  of 
the  operation  lasts  twelve  hours  at  least ;  af\er  which,  the  soap,  still  hot,  beeomes  all»* 
gether  fluid  and  perfectly  neutral. 

For  every  1000  pounds  of  the  paste,  there  must  be  introduced  nine  poands  of  essenees, 
mingled  in  the  following  proportions  :~six  pounds  of  essence  of  earni;  one  and  a  half 
ditto  lavender,  (finest) ;  one  and  a  half  ditto  rosemary. 

The  mixture  mast  be  well  stirred,  in  order  to  get  completely  saturated  with  tbt 
perfumes;  and  This  may  be  readily  done  without  at  all  tooefaiiig  or  stining  «p  tht 
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subjacent  leys ;  in  the  course  of  two  hours,  the  soap  may  be  transferred  into  the  ordinary 
frames.  In  twenty-four  hours,  the  mass  is  usually  solidified  enough  for  cutting  into  bars 
and  cakes,  ready  to  be  stamped  for  sale. 

The  above  method  of  scenting  Windsor  soap  is  practised  only  in  the  largest  establish- 
■>ents;  in  the  smaller,  the  soap  is  pailed  out  of  the  soap-pans,  into  a  pan  provided  with 
a  steam  case  or  jacket,  and  there  mixed  with  the  essential  oils,  by  means  of  appropriate 
heat  and  agitation. 

The  most  fashionable  toilet  soaps  are,  the  rose,  the  bouquety  the  cinnamon,  the  orange- 
flower,  the  musk,  and  the  bitter  almond  or  peach  blossom. 

Soap  d  la  rose. — This  is  made  of  the  following  ingredients :  30  pounds  of  oliTe-oO 
soap ;  20  of  good  tallow  soap. 

Toilet  soaps  must  be  reduced  to  thin  shavings,  by  means  of  a  plane,  with  its  under 
face  turned  up,  so  that  the  bars  may  be  slid  along  it.  These  shavings  must  be  put  into 
•n  unrinned  copper  pan,  which  is  surrounded  by  a  water-bath,  or  steam.  If  the  soap  be 
old  and  hard,  5  pounds  of  water  must  be  added  to  them ;  but  it  is  preferable  to  take 
Iresh-mnde  soaps,  which  may  meli  without  addition,  as  soap  some  time  kept  does  not 
readily  form  a  homogeneous  paste.  The  fusion  is  commonly  completed  in  an  hour,  or 
thereby,  the  heat  beinj?  applied  at  212°  F.,  to  accelerate  the  process,  and  prevent  the 
dissolution  of  the  constituent  water  of  the  soap.  For  this  purpose  the  interior  pan  may 
be  covered.  Whenever  the  mass  is  sufficiently  liquefied,  ]^  ounces  of  finely  ground  ver- 
milion are  to  be  introduced,  and  thoroughly  mixed,  aAer  which  the  heat  may  be  taken 
off  the  i)an  ;  when  the  following  perfumes  may  be  added  with  due  trituration  : — 3  ounces 
of  essence  of  rose ;   1  ditto  cloves  ;   1  ditto  cinnamon  ;  2^  ditto  bergamot ;  =  7J. 

The  scented  soap  being  put  into  the  fiames,  speedily  consolidates.  Some  recommend 
to  pass  the  finished  fused  soap  through  a  tammy  cloth,  in  order  to  free  it  from  all  clots 
mnd  impurities;  a  ver>'  proper  precaution  in  the  act  of  transferring  it  to  the  frame.  If 
the  preceding  instructions  be  observed,  we  obtain  a  soap  perfect  in  every  point  of  view; 
possessing  a  delicious  frasrance,  equally  rich  and  agreeable,  a  beautiful  roseate  hue,  and 
the  soAest  detergent  qualities,  which  keeping  cannot  impair.  Such  a  soap  has,  in  fact, 
been  known  to  retain  every  property  in  perfection  during  four  or  five  years.  When  the 
essential  oils  are  particularly  volatile,  they  should  not  be  added  to  the  soap  till  its  tem- 
perature has  fallen  to  about  140°  Fahr. ;  but  in  this  case  a  more  careful  trituration  is 
required.  The  economy  is,  however,  ill  bestowed  ;  for  the  cakes  made  of  such  cooler 
soap  are  never  so  homogeneous  and  glossy. 

Soap  au  bouquet. — 30  pounds  of  good  tallow  soap ;  4  ounces  of  essence  of  bergamot ; 
oil  of  cloves,  saicgafras,  and  thyme,  1  ounce  each ;  neroli,  }  ounce.  The  color  is  given 
with  7  ounces  of  brown  ochre. 

Cinnamon  Soap. — 30  pounds  of  good  tallow  soap ;  20  ditto  of  palm-oil  soap.  Per- 
fames: — 7  ounces  of  essence  of  cinnamon;  1|  ditto  sassafras;  1}  ditto  bergamot. 
Color : — 1  pound  of  yellow  ochre. 

Orange-Jtoxcer  Soap. — 30  pounds  of  good  tallow  soap ;  20  ditto  palm-oil  soap.  Per- 
Aimes : — 1^  ounces  essence  of  Portugal ;  7^  ditto  amber.  Color : — 91  ounces,  consisting 
of  8  J  of  a  ycllow-ffreen  pigment,  and  1}  of  red  lead. 

Musk  Soap. — 30  pounds  of  good  tallow  soap ;  20  ditto  palm-oil  soap.  Perfumes  : — 
Powder  of  cloves,  of  pale  roses,  gilliflower,  each  4i  ounces ;  essence  of  bergamot,  and 
essence  of  musk,  each  3i  ounces.     Color  :—4  ounces  of  brown  ochre,  or  Spanish  brown. 

Bitter  Mmond  Soap — Is  made  by  compounding^  with  50  pounds  of  the  best  white  soap, 
10  ounces  of  the  essence  of  bitter  almonds. 

UOHT  SOAPS. 

The  apparatus  employed  for  making  these  soaps  is  a  copper  pan,  heated  by  a  water- 
bath  ;  in  the  bottom  of  the  pan  there  is  a  step,  to  receive  the  lower  end  of  a  vertical  shaft, 
to  which  arms  or  paddles  are  attached,  for  producing  constant  aeitation,  by  causing  them 
to  revolve  among  the  liquefied  mass.  Into  a  pan  so  mounted,  50  pounds  of  good  oil  soap 
of  any  kind  are  put  (for  a  tallow  soap  does  not  become  frothy  enough),  and  melted  by 
proper  heat,  with  the  addition  of  3  or  4  pounds  of  water.  By  the  rapkl  rotlition  of  the 
machine,  an  abundant  thick  lather  is  produced,  beginning  first  at  the  bottom^  and  creep- 
ing gradually  upwards  to  the  top  of  the  pan,  when  the  operation  should  be  stopped  ;  the 
soap  having  by  this  time  doubled  its  volume.  It  must  now  be  pailed  oflT  into  the  frame^ 
allowed  to  cool,  and  then  cut  into  cakes.  Snch  soap  is  exceedingly  pleasant  at  the  wash- 
stand,  feeing  very  soft  upon  the  skin,  afifording  a  copious  tbidc  lather,  and  dissolving 
with  the  greatest  ease. 

TRANaPABSNT  SOAPS. 

These  soaps  were  for  a  long  time  mannfactnred  only  in  England^  where  the  process 
was  'kept  a  proAraad  seeret.    They  are  now  made  every  where. 
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SODA,  CARBONATE  OF. 


Equal  parts  of  tallow  soap,  made  perfectly  dry,  and  spirit  of  wine,  «rc  to  be  pnt  iMi 
a  copper  still,  which  is  plunged  in  a  water-bath,  and  famished  with  its  cmpita)  td 
refrigeratory.  'Hie  heat  applied  to  effect  the  solution  should  be  as  slight  as  po8siUe,li 
aToid  evaporating  too  much  of  the  alcohol.  The  solution  being  effected,  must  be  n^ 
fered  to  settle  ;'^^d  after  a  few  hours'  repose,  the  clear  supernatant  liquid  is  drawn  d 
into  tin  frames,  of  the  form  desired  for  the  cakes  of  soap.  These  bars  do  not  aeque 
their  proper  degree  of  transparency  till  aAer  a  few  weeks'  exposure  to  dry  air.  TVj 
are  now  planed,  and  subjected  to  the  proper  mechanical  treatment  for  making  cakes  of 
any  form.  The  soap  is  colored  with  strong  alcoholic  solution  of  archil  for  the  rose  tii^ 
and  of  turmeric  for  the  deep  yellow.  Transparent  soaps,  however  pleasing  to  the  eft, 
are  always  of  indifferent  quality;  they  are  never  so  detergent  as  ordinary  floap6,ni 
they  eventually  acquire  a  disagreeable  smell. 


Soap  chargred  with  duty  in 


1634. 


Hard 
Sort  - 


Amount  of  duty  at  1  Jrf.  per  lb.  on  hard  soap 
do.   at  \d.  soft  »oap 


144,344,043 
10,401,281 

X902,150 
43,339 


1835. 


Iha. 


1836. 


lbs. 


148,806,207  ,  146,539JS10 
12,103,109       13,358,894 


X930,039 
50,429 


£915,861 
55,662 


SOAPSTONE ;  see  Steatite. 

SODA,  Caustic  soda  {Hydrate  de  sonde,  Fr. ;  Mtznatro^i,  Germ.),  is  an  alkaline  sa^ 
stance,  used  in  chemical  researches,  in  bleaching,  and  in  the  manufactare  of  soap.  It  it 
prepared  by  boiling  a  solution  of  crystallized  carbonate  of  soda  in  4  or  5  parts  of  witti^ 
with  half  its  weight  of  recently  slaked  and  sif\ed  lime.  At  the  end  of  half  an  boor,  tk 
vessel  of  iron,  porcelain,  or  preferably  silver,  may  be  removed  from  the  fire,  and  coverei 
carefully,  till  the  calcareous  matter  has  settled  into  a  solid  magma  at  the  bottom.  Tke 
clear  supernatant  ley  may  be  then  decanted  into  bottles  for  use  in  the  liquid  state,  er 
evaporated,  out  of  contact  of  air,  till  it  assumes  an  oily  appearance,  then  poured  upot 
an  iron  or  marble  slab,  broken  into  pieces,  and  put  up  in  vials  secured  with  greaded  stop* 
pers  or  corks. 

Caustic  soda  is  a  white  brittle  mass,  of  a  fibrous  texture,  a  specific  gravrty  of  1*596^ 
melting  at  a  heat  under  rtdness,  having  a  most  corrosive  taste  and  action  upon  animl 
matters,  dissolving  readily  in  both  water  and  alcohol,  attraclin?  carbonic  acid  wbei 
exposed  to  the  atmosphere,  but  hardly  any  water,  and  falling  thereby  into  an  effloresmt 
carbonate  ;  it  forms  soaps  with  tallow,  oils,  wax,  rosin  ;  dissolves  wool,  hair,  silk,  bora, 
alumina,  silica,  sulphur,  and  some  metallic  sulphurets.  It  consists  of  77*66  soda,  aad 
22-34  water.  A  solution  of  caustic  soda  affords  no  precipitate  with  solution  of  chloride 
of  platinum,  or  tartaric  acid,  as  a  solution  of  caustic  potash  never  fails  to  do. 

The  following  Tadi.k  of  the  quantity  of  Caustic  Soda  contained  in  Leys  of  differoit 
densities,  has  been  given  by  Richter  : — 


Spec. 

Soda 

Spec. 

Soda 

Spec. 

Soda 

Spec. 

Soda 

firrav. 

per  cent. 

irrav. 

per  cent. 

grar. 

per  cent. 

giav. 

per  ceal 

1-00 

0-00 

M2 

IMO 

1-22 

20-66 

1-32 

29-96 

1-02 

2-07 

M4 

12-81 

1-24 

22-58 

134 

31-67 

1*04 

4-02 

M6 

14-73 

1-26 

24-47 

1-36 

32-40 

1-06 

5-89 

M8 

16-73 

1-28 

26-33 

1-36 

33-08 

1-08 

7-69 

1-20 

18-71 

1-30 

28-16 

1-38 

34-41 

MO 

9-43 

Soda  free  from  water  can  be  obtained  only  by  the  combustion  of  todtiim,  which  see. 

SODA,  CARBONATE  OF  {KoMensaurtM  natron.  Germ.),  is  the  soda  of  commerce 
in  various  states,  either  crystallized,  in  lumps,  or  in  a  crude  powder  called  soda  ash.  It 
exists  in  small  quantities  in  certain  mineral  waters;  as,  for  example,  in  those  of  Seltier, 
Seydschutz,  Carlsbad,  and  the  volcanic  springs  of  Iceland,  especially  the  Geysfr;  it 
frequently  occurs  as  an  efflorescence  in  slender  needles  upon  damp  walls,  being  prodqeed 
by  the  action  of  the  lime  upon  the  sea  salt  present  in  the  mortar.  The  mineral  aoda  is 
the  sesquicarbonate,  to  be  afterwards  described. 

Of  manufactured  soda,  the  variety  most  anciently  known  is  barilla,  the  incinerated 
ash  of  the  Sahola  soda.  This  plant  is  cultivated  with  great  care  by  the  Spanianis, 
especially  in  the  vicinity  of  Alicant.  The  seed  is  sown  in  li?hl  low  soils,  which  ar« 
embanked  towards  the  sea  shore,  and  furnished  with  sluices,  for  admitting  an  occasional 
overflow  of  salt  water.    When  the  plants  are  ripe,  the  crop  is  cut  down  and  dried ;  tlit 
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■unrtii  are  mbbed  oat  and  preservnl ;  lilt  reil  of  ihe  plant  is  burned  in  rude  rurnaces,  at 
a  temperature  just  sulttcieni  <o  rause  the  asbee  to  «nter  into  a  tlale  of  Bemi-fuBion,  so 
«■  to  coDCrele  on  cooling  ialQ  cellular  masses  moderalely  cnn][>acl.  The  most  valuable 
TKiely  of  ihis  article  is  CKiled  sattl  barilla.  Il  bai  a  grajish-btue  eolor,  and  e^t* 
eorered  with  a  saline  efBorescence  when  eiposed  for  some  lime  to  Iha  air.  It  is  hard 
«nd  difficult  to  break  ;  when  applied  to  the  tongue,  It  eicites  a  puniienl  alkaline  lasle. 

I  have  analyzed  many  varieties  of  barilla.  Their  average  quantity  of  free  or  alkali- 
BMtricil  9oda  is  about  IT  per  cent. ;  though  several  contain  only  14  purls  in  the  hundred, 
■■d  a  few  upwards  of  SO.  This  soda  is  cbiefij  a  carbanale,  with  a  little  sulphnrel  and 
mlphiie  ;  and  is  mixed  with  sulphate  and  muriate  of  soda,  carbonate  of  lime,  vegetable 

Another  mode  of  manufacturing  crude  Boda,  is  b;  burning  sea-weed  into  kelp.  For- 
merly very-  large  revenues  were  derived  by  the  proprietors  of  the  shores  of  the  Scottish 
Wmnds  and  Highlands,  fh>m  (he  incineralion  of  sea-weed  by  their  tenants,  who  usually 
paid  their  rents  in  bel|) ;  but  since  the  lai  has  been  taken  ofT  salt,  and  (he  manafacture 
of  a  crude  soda  from  it  has  been  generally  established,  the  price  of  kelp  has  fallen 
cslremely  low. 

The  crystals  of  soda-en rbon ale,  as  well  as  the  soda-juh  of  British  ci 
made  altogether  by  the  decomposiliun  of  sea  salt. 


The  manufacture  divides  itself  into  three  branches  :— 1.  The  conversion  of  sea  tall, 
flr  chloride  of  sodium,  into  sulphate  of  soda.  2.  The  decomposition  of  this  sulphate  into 
onde  soda,  called  black  balli  by  the  workmen.  3.  The  purilicaiion  of  these  balls,  either 
ialo  a  dry  white  soda-ash  or  into  crystals. 

1.  Tht  prtparatiou  of  tht  tulpliaU  of  loda.—FigM.  1033,  1034,  t039,  represent  the 
flirnace  for  converting  the  muriate  of  soda  into  the  sulphate.  The  fumaee  must  be 
bnilt  interiorly  of  the  most  refiactory  fire-bricks,  such  a<  are  used  for  glasshouses,  but 
of  the  ordinary  brick  sizej  except  the  bridges  c,  g,  n,  which  should  he  Ibimed  of  one 
UMs,  such  as  what  is  called  a  Welsh  lump,  a  is  the  ash-pit;  B,  the  grate;  c,  the 
fnl  bridge,  between  the  fire  and  the  first  calcining  hearth  n,  D ;  r,  r,  is  its  roof)  c,  the 
Mcond  bridse,  between  the  calcining  hearth  and  the  decomposing  hearth  i,  I,  i;  the 
nmf  of  which  is  k,  k.  This  hearth  i,  I,  is  lined  with  a  lead  square  pan,  5  or  6  inchex 
deep,  sloped  at  the  back  opening,  in  Jig.  1035,  marked  «';  which  deficient  part  of  the 
nprighl  side  is  filled  up  with  two  bricks  placed  one  over  Ihe  other,  as  shown  at  m,  m, 
fig  I0J4,  and  luted  with  clay,  to  confine  the  semi-hqnid  mass  in  Ihe  pan,  t,  I  Some 
manufaeiurcrs  make  this  pan  6  inches  deep,  and  line  its  bottom  and  sides  with  briclu 
or  silicious  sandstone,  to  protect  the 
lead  from  the  corrosive  action  of  Ihe 
acid  There  are  others  who  consider 
Ibis  precaution  troublesome,  as  the 
points  of  the  pan  which  become  leaky 
are  thereby  concealed  In  the  roof  of 
the  decomposing  hearth,  one  or  two 
syphon  funnels  a,  of  lead,  are  in- 
serted  when  the  charf[e  of  acid  (SnU 
pburie)  IS  to  be  poured  down  upon 
the  salt  in  i,  i,  to  save  the  risk  of  any 
:  acid  0,  o,  IS  a  chimney  filled  with  round 
loist  by  the  trickling  of  a  streamlet  of  water 
upon  the  topmost  layer  The  mnnatic  gas, 
meeting  this  descending  film  of  water  upon 
80  citensive  a  surface.  Iff  comes  absorbed,  and 
runs  out  below  in  a  liquid  form.  When  the 
acid  is  required  in  a  somewhat  concentrated 
py  should  be  made  boih  high 


very  valuable  for  abating  ihe  nuisance  t 

by  (he  diaengagemenl  of  the  muriatit 

gu;  which  is  otherwise  apt  to  sterilize  the  surrounding  vegetation. 

A  fire  being  kindled  in  the  grate  ii.figi.  1033  and  1034,  3  cwts.  of  salt  in  p 
are  to  be  thrown  by  a  shovel  into  the  pan  i,  Ihrouah  Ihe  door  it,fig.  1035,  or  m,  r 
1034.  Two  hundred  weiithts  and  a  balf  of  oil  of  vitriol,  of  specific  gravity  1-844,  b 
been  diluted  with  from  25  to  30  per  cent,  of  water,  and  well  miied,  or  3  cwts.  i 
Btnin^,  are  to  be  slowly  poured  in  by  the  funnel,  and  diffused  among  the  murii 
Mda,  by  an  occasional  stir  with  an  iron  rake  eased  with  sheet  lead.     Turner  of  n 


id  Will  n< 


r  plenlifully  escape,  and,  pauing  up  Ihe  condensing-ihafl  o,  will  flow  down 
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in  Ihe  form  of  liquid  spirit  of  rail,  and  escape  by  Ibe  slonewue  itopcoek  r,  intolbi 
pipe  oTh  sunk  cistern.  The  fire  linvin;  been  »lcaiiily  kept  up  at  &  moderate  degm,  Ikr 
chemical  reaciion  will  be  lolerablj  eomplele  in  the  eourae  of  two  hoan  ;  but  ai  tluil 
retalive  lo  ibe  nature  of  the  fuel,  «ad  tbc  draueht  of  the  farnace,  no  tut  ptccIm  nlc 
in  imint  o(  tine  can  be  laid  down  ;  btil  it  is  solGcienl  TnT  this  atajt  of  the  proceH,  vbti 
the  Innies  cease  to  be  reiy  denie  and  copious  as  may  be  ascertained  by  opening  ibe  dmii 
m,  and  lookin?  in,  or  by  the  appearance  at  the  lop  or  the  sbafl  o.  Orer  the  door  ■',  ii 
the  oppoaile  tide  o(  the  decnmpotia^  heatth,^;.  103S,  there  must  be  an  arch  or  hid 
terminating  in  a  umaU  chimney,  15  or  30  feet  hiiih,  foi  the  ascent  of  the  muriatic  npMii 
when  the  charge  is  drawn  or  run  ontoflhe  hearth,  and  allowed  to  foil  into  a  iqwR 
shallow  iron  iray,  placed  on  the  irounci  bI  Ihe  back  of  Ihe  Airnace.  For  this  diMlwin 
the  two  bricks  which  serve  as  stoppers  to  that  orifice,  mUBt  be  unlated  and  remoTcd. 

As  soon  as  that  charee  is  taken  oul,  (the  fire  bein^  meanwhile  checked  by  op«U| 
the  door  T,JIg.  1031,  and  shaliinc  piriially  the  ash-pit  ojieDing  at  a,)  a  Tresh  chip 
must  be  inlroduce<l  as  above  described.  The  nearly  decompoit^  saline  matter,  dsria) 
the  second  eharcine  of  the  hearth  i,  will  have  grown  cool  and  concrete.  It  miullt 
shovelled  into  the  calrmin"  hearth  i),  D,fig  1031,  by  the  back  door  9,  fig.  1039,  when 
it  will  receive  a  hi. her  decree  o[  heat,    and,  bj  Ihe  expulsion  of  the  remaininii  paimT 

Idj, ,  -1^-   --  -,}-,. — _. —       the    muriatic    acid,   it    will   bteooe  » 

perfect  sulphate  of  soda.  It  shotlj 
be  finally  brought  into  a  state  of  loi- 
fusion  When  a  sample  of  it,  tibi 
out  on  Ihe  end  of  the  rake  or  trovd- 
shaped  scraper,  emits  no  fumes,  the  oa- 
version  is  accomplished 
From  3  cwls  of  comtnon  tall,  or  bs- 
'  riate  of  sods,  nther  more  than  31  twii 
e  free  fi-om  metallic  impnnlj 
±  lie  iicKL  ALe|)  IS  Mil?  cunt  pisiuij  ui  (lie  sulphatc  Into  a  crude  soda 
One  of  the  most  improved  suda  furnaces  is  thai  emploved  in  a  few  fkeloriet,  re^ 
aented  in  figr,  1036,  103T,  and  I03H.  In  the  section  fig.  1037,  there  are  two  heailh 
in  one  furnace,  the  one  elevated  above  the  level  of  the  other  by  Ihe  thickness  of  a  brid^ 
or  about  3  inches-  a  is  the  preparatory  shelf,  where  the  mixture  to  he  decomposed  * 
first  laid  in  order  to  be  thoroughly  healed,  so  that  when  irankferred  to  Ihe  lawn  « 
decomposiog  hearth  b,  it  may  nol  essentially  cbill  it,  and  throw  back  the  opentios. 
1036  c  is  the  fire-bridge,  a    '  ' 


of  perfect  si 


e  should  be  obli 


In   Ihe 

plnn.yip.  10:t8,  we  se 
Ihe  from  corresponding  to  each  hnrlli- 
Thi4  11  a  door,  as  thown  in  Ihe  tidt 
\iew  nr  ekvation  of  the  rumirt, 
fig  lOlfi ,  and  each  door  is  shot  ij 
an  iron  square  fiame  filled  wili  • 
and     so'peiiifJ 


lillblll, 


.  .     1047.    The  , 
on     pushini;    up     Ihe 
makes  il  rise,  bccaase  tl 

at    the  other  end  of  tad 

chain,  which  balances  Ihe  weight  of  tte 
frame  and  bncks.  In  the  (rrannd  phi, 
only  one  smoke-Sue  is  shown;  uA 
I  prefoTcd  by  nanj 
t  others  choose  w 
have  two  flues,  one  from  each  shoiiU'i', 

unite  in  one  vertical  chimney,  fro" 
25  to  40  feet  high  ;  becaase  the  draifhl 
of  a  soda-furnace  must  be  very  star?. 
Having  sufficiently  ei  plained  Ii* 
on  of  this  improTed  fl^ 
nace,  I  shall  now  proceed  to  tonik 

-  _-,  ,  .  ■    ■w.  t_i     the  mode  of  making  soda  with  iL 

TV  materials  w.lh  which  the  sulphate  is  decomposed  into  a  rou^h  carbonate  rf  »^ 
nt  chdk  or  ground  limestone,  and  ground  coal  or  charcoaL  ThriW(DWt»«»  »  whii 
tnete  tliree  •nbstances  are  mixed,  inBuence  in  a  remarkable  degrac  Iha  hkccm  rf  IW 
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decomposing  process.  I  have  known  a  false  proporllon  introduced,  and  persevered  in, 
at  a  factory,  with  the  most  prejudicial  effect  to  the  product;  the  soda-ash  produced  being 
IQ  a  small  quantity  relatively  to  the  sulphate  employed,  and  bein<j:  much  charged  wiih 
sulphur.  AAer  very  numerous  trials  which  I  have  made  on  the  great  scale,  and  many 
inquiries  at  the  most  successful  soda-works,  both  in  this  country  and  ifbroad,  I  am  wai- 
ranted  to  offer  the  following  proportions  as  the  most  profitable  : — 

Sulphate  of  soda,  100  parts;  carbonate  of  lime  (chalk  or  limestone),  from  110  to  1£0 
parts;  if  pure,  110;  if  a  little  impure  or  damp,  120;  pitcoal,  50  parts. 

These  materials  must  be  separately  giound  by  an  edge-stone  mill,  and  siAed  into  a 
tolerably  fine  powder.  They  must  be  then  very  carefully  mixed.  Attention  to  these  par- 
ticulars is  of  no  little  importance  to  the  success  of  the  soda  process. 

One  hundred  parts  or  pounds  of  sulphate  of  soda  are  equivalent  to  75  parts  of  car- 
bonate, and  when  skilfully  decomposed,  will  generally  yield  fully  70  pounds.  A  charge 
for  the  decomposins^  furnace  with  the  preparatory  shelf  should  not  exceed  200  lbs.,  or 
perhaps  180 ;  therefore  if  75  pounds  of  ground  sulphate  of  soda,  with  80  pounds  of  chalk 
or  limestone  (ground),  and  37  pounds  of  irround  coal,  be  well  mixed,  they  will  constitute 
one  charge.  This  charge  must  be  shovelled  in  upon  the  hearth  a,  or  shelf  of  preparation, 
ijis.  1037);  and  whenever  it  has  become  hot  (the  furnace  having  been  previously  brought 
to  bright  ignition),  it  is  to  be  transferred  to  the  decomposing  hearth  or  laboratory  b,  by 
an  iron  tool,  shaped  exactly  like  an  oar,  called  the  spreader.  This  tool  has  the  flattened 
part  from  2  to  3  feet  lonir,  and  the  round  part,  for  laying  hold  of  and  workins:  by,  from 
6  to  7  feet  long.  Two  other  tools  are  used  ;  one,  a  rake,  bent  down  like  a  garden  hoe  at 
the  end;  and  another,  a  small  shovel,  consisting  of  a  long  iron  rod  terminated  with  a  piece 
of  iron  plate,  about  6  inches  long,  4  broad,  sharpened  and  tipped  with  steel,  for  cienninz 
the  bottom  of  the  hearth  from  adhering  cakes  or  crusts.  Whenever  the  charge  is  shoved 
by  the  sliding  motion  of  the  oar  down  upon  the  working  hearth,  a  fresh  charge  should 
be  thrown  into  the  preparation  shelf,  and  evenly  spread  over  its  surface. 

The  hot  and  partially  carbonized  charge  being  also  evenly  spread  upon  the  hearth  u, 
is  to  be  leA  untouched  for  about  ten  minutes,  during  which  time  it  becomes  ignileil,  and 
begins  to  fuse  upon  the  surface.  A  view  may  be  taken  of  it  through  a  peep-hole  in 
the  door,  which  should  be  shut  immediately,  in  order  to  prevent  the  reduction  of  the 
temperature.  When  the  mass  is  seen  to  be  in  a  sjate  of  incipient  fusion,  the  workman 
takes  the  oar  and  turns  it  over  breadth  by  breadth  in  regular  layers,  till  he  has  reversed 
the  position  of  the  whole  mass,  placing  on  the  surface  the  particles  which  were  formerly 
in  contact  with  the  hearth.  Having  done  this,  he  immediately  shuts  the  door,  and  lets 
the  whole  get  another  decomposing  heat.  After  five  or  six  minutes,  jets  of  flame  begin 
to  issue  from  various  parts  of  the  pasty-consistenced  mass.  Now  is  the  lime  to  incorpo- 
rate the  materials  together,  turning  and  spreading  by  the  oar,  cathering  them  tosethei 
by  the  rake,  and  then  distributing  them  on  the  reverse  part  of  the  hearth;  that  is,  ihe  oar 
should  transfer  to  the  part  next  the  fire-bridge  the  portion  of  the  mass  lyinsr  next  the 
shelf,  and  vice  versa.  The  dexterous  management  of  this  transi)osition  charnci prizes  a: 
good  soda-furnacer.  A  little  practice  an  1  instruction  will  render  this  operation  easy  to  3 
robust  clever  workman.  After  this  transposition,  incorporation,  and  sprendinsr,  the  door 
may  be  shut  again  for  a  few  minutes,  to  raise  the  heat  for  the  finishing  off.  Lastly,  the 
rake  must  be  dexterously  employed  to  mix,  shift,  spread,  and  incorporate.  The  jcis, 
called  candles,  are  very  numerous,  and  bright  at  first ;  and  whenever  they  begin  to  fade, 
the  mass  must  be  raked  out  into  cast-iron  moulds,  placed  under  the  door  of  the  labora- 
tory to  receive  the  ignited  paste. 

One  batch  being  thus  worked  oflf,  the  other,  which  has  lain  undisturbed  on  the  shelf, 
is  to  be  shoved  down  from  a  to  b,  and  spread  equally  upon  it,  in  order  to  be  treated  as 
above  described.    A  third  batch  is  then  to  be  placed  on  the  shelf. 

The  article  thus  obtained  should  contain  at  least  22  per  cent,  of  real  soda,  equivalent 
to  '^7  per  cent,  of  dry  carbonate,  or  to  100  of  crystals.  A  skilful  workman  can  turn  out 
a  batch  in  from  three  quarters  of  an  hour  to  an  hour,  producing  a  perfect  carbonate, 
which  yields  on  solution  an  almost  colorless  liquid,  nearly  destitute  of  sulphur,  and  con- 
taining hardly  any  decomposed  sulphate. 

In  some  soda* works,  where  the  decomposing  furnace  is  very  large,  and  is  charged  with 
a  ton  of  materials  at  a  time,  it  takes  two  men  to  work  it,  and  from  five  to  six  hours  to 
complete  a  batch.  Having  superintended  the  operation  of  the  above-described  small  fur- 
nace, and  examined  its  producis,  I  feel  warranted  to  recommend  its  adoption. 

The  following  materials  and  products  show  the  average  state  of  this  soda  process : — 
MaterutU, — 100  parts  of  sulphate  of  soda,  ground,  equivalent  to  75  of  carbonate; 
110  of  chalk  or  ground  limestone  ;  55  of  ground  coal ;  in  the  whole,  265. 

Products, — 168  parts  of  crude  soda,  at  33  per  cent.  =  55*5  of  dry  carbonate. 

^        (  130    —    crystals  of  carbonate  of  soda  =  48  of  dry    carbonate ;   and 
'      J  100    —    insoluble  matter. 

Bat  these  products  necessarily  vary  with  the  skill  of  the  workman. 
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In  Brolher  mBnorariorr  the  foltowing  proportion*  are  nsed  s — SizEUaettoT  Mlk. 
«ach,  of  <lry  emnnd  Fulphfitr  of  wHa,  are  niiicd  with  3  of  ctialk  and  3  oT  eaml.  Tta 
mitlure,  wciihinii  U  cul.,  fbrnif  a  baich,  which  is  spread  npon  the  fireparation  tMI 
«f  the  fiirnaec  (fifi.  W31  nnil  1U3N),  as  abnTC  JrKribril,  and  gradnallr  h««ted  lo  iid- 
pient  lEiiilinn.  li  If  llitn  s«ri:l  rinnonlE  lo  ihr  luKcr  area  b,  by  the  iron  oar,  ud 
Fprrad  evrnly  bj-  lh«  inke.  Wbencrrr  it  bpsins  to  >oncn  nader  Ibc  tiring  hral  tt  ik 
laboraiori- (ihe  ?idc  Joors  bcine  iiipnnnliilp  Bhiit>,  Ihe  iiirsa  must  be  laborious.li  Inimi 
vvrrancl  inrorpuralrd ;  (hi?  sniaM  shovel,  or  pnddle,  being  Foiptajei)  to  Inaifer,  bilk 
inliTclianEC  of  tiuall  porlli'ii!'  nt  a  limf,  in  rapid  bul  Ordirly  succpcbiod,  the  whole  salt- 
rials  frcro  Ihe  colder  to  Ihr  holier,  and  from  thv  holler  lo  Ihe  colder  parts  of  ibe  hnilL 
The  priicrss  ar  workine  one  batch  lakes  sboul  an  hour,  during  Ihe  first  faatf  of  Tbid 
period  il  remains  u|-on  (be  [<reparali<in  >'heir.  The  acf  m»  weight  of  ihe  finiibed  lal 
ia  1  cB't.,  and  iis  eonienis  in  alknlimeirieol  soda  are  33  pounds. 

Where  Ihe  acidulous  (.uljihalf  cf  iron  fr<im  pyrites  may  be  had  at  a  cheap  rale,  it  im 
been  Ion;  n^  cinphi;i4,  as  ol  Km  lell  in  Scotland,  intlrnd  of  sulphuric  acid,  lor  dettB- 
posins  Ihe  chloride  at  soiliuin.  Ali.  Turner'!'  proeiss  of  preiarins:  soda,  bj  decoir|><«iB| 
MB  Mil  wilh  litharee  and  i]iiiekliiiie,  hao  been  Ion?  abandoned,  the  resultiog  paleol  jd- 
low,  or  fub-chlTMlc  (f  lind,  haiine  n  virj  liniied  •.ale 

2  Tbe  titraJuH  aj  jnrt  nJa  /rOm  ihr  null  nrlirlr—The  black  balls  BiM 
be  briiken  intu  fin  n  mis  and  lliiown  inin  lame  M|Uare  iron  cisterns,  foniitM 
wilh  falhc  lultm  «  I  r  wifldtn  s]»i«  *hen  ibe  ri'-lcni'.  are  nearl>  full  of  these  1dii[*, 
water  is  piiinii^  in  tij  on  (Lrin  lill  Ihiy  air  all  cottied  AHer  a  few  dayi,  (k 
lixiiinliin  IS  (flecti^,  and  Ibe  tei  i<  drann  ott  cilbrr  bt  a  syphon  or  by  a  plue-bok 
near  the  billoin  of  the  ri^tern  and  run  inio  ctaporaling  \esselB  1  bese  may  k 
III  Ino  kinds  [\,e  siiirtee  d'apiraUnE  furnace,  ihinn  in  Jig  lOS*),  is  a  Ttry 
"  admimhle   invention    fur    economiiinj 

vessels  lin  e,  end  fuel  The  crate  i, 
and  fii(|lBt-e,  are  separaleil  Irani  tk 
ei-aporaliiiE  lahoi-aturr  ti,  by  a  doable 
/Ire  bndce  n,  c  bating  an  inlenliliil 
space  in  ihe  middle,  to  arrerl  Ibt 
coiniiiunicnijon  of  a  viFltine  or  ig- 
nilin:;  heal  towards  Ibe  lead-liuil 
CKlcin  p  Tlis  cislem  may  be  S, 
10,  or  30  fiet  lone,  according  lo  ibe 
mnvniliide  of  the  soda  work,  and  4 
Id  he  nbi  iil  4  fc.  t  11  ci  n-i-ls  of  >!  eel  lead,  of  ibMt 
nnd  It  IS  tineil  n  ilh  i  nc  la\  er  of  bricks.  Bet  in  Romaa 
'  botti  m  anil  up  the  sules  and  ends.  The  Irad  cobki 
,  r  ley,  nine  be  filliil  in  lo  neatly  ihat  height.  Thiagi 
iC  thus  arranEed,  a  Kre  is  kindled  npon  ihe  crate  a  ;  Ihe  flanie  and  hot  air  swttf 
ic  the  surHict  of  the  lic[nor,  rai-c  its  tcmrerBliire  Ihere  ]a|iidli  to  ihe  botlinir  rmt, 
and  carry  oil'  Ihe  watery  pans  in  vapor  up  Ihe  ehiinncy  r.  which  should  be  15  or  2)1  fed 
bilch,  lo  command  a  (tocid  dinuchl.  Rut,  indeed,  it  wilt  be  inofl  econoniical  to  build  one 
biali  cnpneiiiue  chimney  sinik,  as  Is  now  Join-  nt  Glu^^sow,  Manchester,  and  Nen-casUe, 
and  to  lead  Ihe  Hues  of  Ihe  several  furnaces  alwvc  described  into  il.  In  this  evaporalinf 
furnore  the  heavier  and  stronccr  let'  eoes  to  Ihe  hiilti>m,  as  well  as  Ihe  impurilie!,  when 
ihey  remain  undislurhcd.  Whenever  Ihe  litjuor  llos  attained  lo  Ihr  denFity  of  l'3,(i 
thereby,  it  is  pumped  np  inlo  Fva|>orBlInii  casl-irun  pans,  of  a  Hailened  somewhat  heini- 
rpheiical  ihope,  and  eraporaled  to  dii  liens  white  heinif  ditigenlly  stirred  niih  an  iroi 
rake  and  iron  scraper. 

This  alkali  lets  |«rtially  earbonalid  by  Ihe  above  surface.^vaporaling  furnace,  and  it 
an  excellent  article. 

When  pure  caibonnlc  is  wnntcd,  ihal  dry  mass  must  be  mixed  wilh  il«  own  bulk  ef 
(ntinnd  coal,  sawdusl.orehareoal,  and  Ihrowninton  reverberator)  furnace,  like /fr.  103^ 
but  with  (he  sole  all  u]>un  one  level.  Here  i(  inusl  be  exposed  to  a  heal  no!  eiceediac 
SMP  or  700°  F. ;  Ihnt  is,  a  little  above  Ihe  tni  llini:  heal  of  lead  ;  the  only  objeel  beinii  ID 
volatilize  Ihe  sniphur  preseni  in  Ihe  nias:<,  nnd  eaibonatc  the  alkali.  Now,  it  has  ben 
fonnd,  that  if  Ihe  heat  be  raised  lo  distinct  redness,  the  su1[<hur  will  not  ^o  ofT,  but  wi& 
roniinne  in  inlimnte  union  uiib  the  siiila.  This  process  ia  called  calking,  and  the  for- 
naee  is  cnlled  a  cnlker  fornaee.  Il  may  be  six  or  eiitht  feel  lon^,  and  four  or  five  feel 
broad  In  the  henrlh,  and  requires  only  one  door  in  ils  side,  wilh  a  hanging  iron  fiane 
niled  with  a  fire-lite  or  bricks,  as  above  de^cribi^]. 

This  carhonalinE  process  may  be  pcifoimid  upon  several  ewts.  of  the  impnre  soda, 
mixed  wilh  sawdusl,  at  Blimp.  Il  lakes  three  or  four  hours  In  finish  the  desulpburalioa; 
and  il  mnsl  I*  earefnlly  turned  over  by  Ihe  our  and  the  mkc,  in  order  to  burn  the  eoal 
into  carbonic  acid,  and  to  present  ihe  carbonic  acid  to  Ihe  particles  of  caustic  coda  difla- 
■cd  through  the  mass,  so  that  it  may  combine  with  them. 
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When  the  blue  flames  cease,  and  the  saline  matters  become  white,  in  the  midst  of  the 
ooaly  matter,  the  batch  may  be  considered  as  completed.  It  is  raked  out,  and  when 
cooled,  lixiviated  in  great  iron  cisterns  with  false  bottoms,  covered  with  mats.  The 
watery  solution  being  drawn  ofl"  clear  by  a  plug-hole,  is  evaporated  either  to  dryness,  in 
hemispherical  cast-iron  pans,  as  above  described,  or  only  to  such  a  strength  that  it  shows 
m  pellicle  upon  its  surface,  when  it  may  be  run  off  into  crystallizing  cisterns  of  cast  iron, 
or  lead-lined  wooden  cisterns.  The  above  dry  carbonate  is  the  best  article  for  the  glass 
manufiacture. 

Crystallized  carbonate  of  soda  contains  621  P^r  cent,  of  water.  The  crj'stals  are  colorless 
transparent  rhomboids,  which  readily  effloresce  in  the  air,  and  melt  in  their  own  water  of 
crystallization.  On  decanting  the  liquid  from  the  fused  mass,  it  is  found  that  one  part  of 
the  salt  has  given  up  its  water  of  crystallization  to  another.  By  evaporation  of  that  fluid, 
•eiystals  containing  one  fidh  less  water  than  the  common  carbonate  are  obtained.  These 
^  not  effloresce  in  the  air. 

Mineral  soda,  the  sesquicarbonate  (^iderthalb  kohlensaures  natron.  Germ.),  is  found 
ia  the  province  of  Sukena,  in  Africa,  between  Tripoli  and  Fezzan.  It  forms  a  stratum 
no  more  than  an  inch  thick,  just  below  the  surface  of  the  soil.  Its  texture  is  striated 
crystalline;  like  fibrous  gypsum.  Several  hundred  tons  of  it  are  collected  annually, 
which  are  chiefly  consumed  in  Africa.  This  species  of  soda  does  not  effloresce  like  the 
Egyptian,  or  the  manufactured  soda  crystals,  owing  to  its  peculiar  state  of  composition 
and  density.  It  was  analyzed  by  Klaproth,  under  its  native  name  of  trona^  and  was  found 
to  consist,  in  100  parts,  of— soda,  37 ;  carbonic  acid,  38  ;  sulphate  of  soda,  2-5 ;  water, 
22-6,  in  100. 

This  soda  is,  therefore,  composed  of— 3  atoms  of  carbonic  acid,  associated  with  2  atoms 
of  soda,  and  4  of  water;  while  our  commercial  soda  crystals  are  composed  of — 1  atom  of 
carbonic  acid,  1  atom  of  soda,  and  10  atoms  of  water. 

There  are  six  natron  lakes  in  Egypt.  They  are  situated  in  a  barren  valley,  called  Bahr- 
bela-ma,  about  thirty  miles  to  the  west  of  the  Delta. 

There  are  natron  lakes  also  in  Hungary,  which  afford  in  summer  a  while  saline  efflo- 
rescent crust  of  carbonate  of  soda,  mixed  with  a  little  sulphate. 

There  arc  several  soda  lakes  in  Mexico,  especially  to  the  north  of  Zacatecas,  as  also  in 
many  other  provinces.  In  Columbia,  48  English  miles  from  Merida,  mineral  soda  is  ex- 
tracted from  the  earth  in  great  abundance,  under  the  name  iSurao, 

Bicarbonate  of  soda  (DojtpeU  kohlensaures  natron.  Germ.),  is  prepared,  like 
hicarbonate  of  polassa,  by  transmittin?  carbonic  acid  sas  through  a  cold  saturated  solution 
of  pure  carbonate  of  srxla,  till  cr^'stalline  crusts  be  formed.  The  bicarbonate  may  also' 
he  obtained  in  four-sided  tables  grouped  together.  It  has  an  alkaline  taste  and  reaction 
upon  litmus  paper,  dissolves  in  13  parts  of  cold  water,  and  is  converted  by  boiling  water 
into  the  sesquicarbonate,  with  the  disengagement  of  one  fourth  of  its  carbonic  acid.  It 
consists  of— 37  of  soda,  52*35  carbonic  acid,  and  10-65  water. 

SODA-WATER,  is  the  name  given  to  water  containing  a  minute  quantity  of  soda, 
and  highly  charged  with  carbonic  acid  gas,  whereby  it  acquires  a  sparkling  appearance, 
an  asrreeable  pungent  taste,  an  exhilarating  quality,  and  certain  medicinal  powers.  It 
constitutes  a  considerable  object  of  manufacture  in  this  kingdom.  The  following  figure 
represents,  I  understand,  the  best  system  of  apparatus  for  preparing  it.  A  very  dilute 
solution  of  soda  is  put  into  the  globular  vessel  ir,  and  the  carbonic  acid  gas  is  forced  into 
it  from  the  gasometer  r,  by  means  of  the  powerful  j)ump- work,  as  will  be  understood  from 
the  subjoined  explanation. 

The  same  apparatus  may  serve  for  making  any  species  of  aerated  water,  in  imitation 
of  any  natural  spring.  All  that  is  necessary  for  this  purpose,  is  to  put  into  the  cistern 
Q,  the  neutro-saline  matter,  earths,  metallic  oxydes,  pure  water,  &c.,  each  in  due  pro- 
portion, according  to  the  most  accredited  analysis  of  the  mineral  water  to  be  imitated,  to 
agitate  that  mixture,  to  suck  it  into  the  condenser  h,  through  the  pi|)e  a,  and  then  to  im- 
pregnate it  to  the  due  degree,  by  pumping  in  the  appropriate  gas,  previously  contained  in 
the  gasometer  f. 

Thus,  to  make  Seltzer  water,  for  each  12  pounds  troy,  =  69,120  grains,  or  1  gallon 
imperial  very  nearly,  take  55  grains  of  dry  carbonate  of  soda,  17  of  carbonate  of  lime, 
18  of  carbonate  of  magnesia,  3]^  of  subphosphate  of  alumina,  3  of  chloride  of  potassium, 
155  of  chloride  of  sodium,  and  3  of  finely  precipitated  silica.  Put  these  materials  into 
the  cistern  Q,  and  charge  the  gasometer  f  with  353  cubic  inches  of  carbonic  acid  gas. 
Then  work  the  machine  by  the  handle  of  the  wheel  x,  as  explained  below,  and  regulate 
the  introduction  of  the  liquid  and  the  gas  in  aliquot  portions ;  for  example,  if  the 
condenser  h  admits  half  a  gallon  of  water  at  a  time,  that  quantity  of  liquid  should  be 
charged  with  176  cubic  inches  of  the  gas,  beineone  half  of  the  whole  quantity.  The  sol- 
phnreted  mineral  waters  may  be  imitated  in  like  manner,  by  taking  the  proportions  of 
their  con^ituents,  as  given  in  Table  II.  of  Waters,  Minuiax. 
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IMTBOVED  MDA-WATEE  APPABilTtlS,  A*  HADE  BT  MB.  HAtlTAKD  mxa, 
OF  HILTOK    STEEET. 

Fig.  1040,  Tiont  view  of  the  toda  water  machlDe.    Fig.  t041,  end  view  of  the  a 
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SODIUM,  the  metallic  basis  of  soda,  is  obtained  by  processes  similar  to  those  by  which 
potassium  is  procured.  By  fusing  hydrate  of  soda  with  a  little  hydrate  of  potassa,  a  mix- 
ture is  obtained,  %vhich  yields  more  readily  than  soda  by  itself  to  the  decomposing  action 
of  iron-turnings  at  a  high  heat,  in  a  bent  gun-barrel.  The  portion  of  potassium  pro- 
duced may  be  got  rid  of,  by  digesting  the  alloy  for  a  few  days  in  some  naptha  or  oil  of 
turpentine  contained  in  an  open  vessel.  The  sodium  remains  at  the  bottom  of  the 
liquid.  Pure  sodium  may,  however,  be  prepared  at  once,  by  subjecting  incinerated  tar- 
trate of  soda  to  heat  in  the  apparatus  of  Bninner,  described  under  Potassium.  It  is 
'white,  like  silver  ;  soAer  and  more  malleable  than  any  other  metal,  and  may  be  readily 
reduced  into  very  thin  leaves.  It  preserves  its  malleability  till  it  approaches  the  melting 
point.  Its  specific  gravity  is  0*970.  It  softens  at  the  temperature  of  1:22®  F.,  and  at 
200®  it  is  perfectly  fluid  ;  but  it  will  not  rise  in  vapor  until  heated  to  nearly  the  melting 
point  of  glass.  In  the  air  it  oxydizes  slowly,  and  gets  coven  d  with  a  crust  of  soda;  but 
it  does  not  take  fire  till  it  is  made  nearly  red  hot;  and  then  it  emits  brilliant  scintilla- 
tions. When  thrown  upon  water,  it  is  rapidly  cxydized,  but  without  kindling,  like 
potasi>ium.  If  a  drop  of  water  be  thrown  upon  it,  it  becomes  so  hot  by  the  chemical  ac- 
tion as  to  take  fire.  There  are  three  oxjdes  of  sodium ;  1.  the  suboxyde ;  2.  the  oxyde, 
or  the  basis  of  common  soda;  and,  3.  the  suroxyde ;  the  last  being  formed  when  sodium 
is  heatfd  to  redness  upon  a  plate  of  silver. 

fciOLDERlNG  {Suiuhr,  Fr. ;  Lolhen,  Germ.>,  is  the  process  of  uniting  the  surfaces 
of  metals,  by  the  intervention  of  a  more  fusible  metal,  which  being  melted  upon  each 
surface,  serves,  partly  hy  chemical  attraction,  and  partly  by  cohesive  force,  to  bind  them 
together.  The  metals  thus  united  may  be  either  the  same  or  dissimilar ;  but  the  uniting 
metal  must  always  have  nn  affinity  for  both.  Solders  must  be,  therefore,  selected  in 
reference  to  their  appropriate  metals.  Thus  tin-plates  are  soldered  with  an  alloy  con- 
sisting of  from  1  to  2  parts  of  tin,  with  1  of  lead;  pewter  is  soldered  with  a  more  fusible 
alloy,  containing  a  certain  proyvortion  of  bismuth  added  to  the  lead  and  tin  ;  iron,  copper, 
and  brass  are  soldered  with  spelter,  an  alloy  of  zinc  and  copper,  in  nearly  equal  parts; 
silver,  sometimes  with  pure  tin,  but  cenerally  with  silver-solder,  an  alloy  consisting  of 
5  parts  of  silver,  6  of  brass,  and  2  of  zinc ;  zinc  and  lead,  with  an  alloy  of  from  1  to  2 
parts  of  lend  with  1  of  tin ;  jilatinum,  with  fine  gold ;  gold,  with  an  alloy  of  silver  and 
gold,  or  of  copper  and  cold  ;  &c. 

In  all  soldering  processes,  the  following  conditions  must  be  observed;  I.  the  surfaces 
to  be  united  must  be  entirely  free  from  oxyde,  blight,  smooth,  and  level ;  2.  the  contact 
of  air  must  be  excluded  during  the  soldering,  because  it  is  apt  to  oxydize  one  or  other 
of  the  surfaces,  and  thus  to  prevent  the  foimation  of  an  alloy  at  the  points  of  union. 
This  exclusion  of  air  is  eflected  in  various  ways.  The  locksmith  encases  in  loam  the 
objects  of  iron,  or  brass,  that  he  wishes  to  subject  to  ■  soldering  heat ;  the  silversmitli 
and  hrasier  mix  their  respective  solders  with  moistened  borax  powder;  the  coppersmith 
and  tinman  apply  sal  ammoniac,  rosin,  or  both,  to  the  clear.rd -metallic  surfaces,  before 
usinir  the  solderinir-iron  to  fuse  them  tojrether  with  the  tin  alh»y.  The  strong  solder  of 
the  copjersmith  consists  of  8  parts  of  brow's  and  1  of  zinc  ;  ihe  latter  being  added  to  the 
former,  jireviously  brou!i)»t  into  a  state  of  fusion.  The  crucible  must  be  immediately 
covered  up  for  two  minutfs  till  the  con>binati(  n  be  c<;mpUted.  The  melted  alloy  is  to 
be  then  poured  cut  upon  a  bundle  of  twi^s  htld  over  a  tub  of  water,  into  which  it  falls 
in  irmnulations.  An  alU»y  of  3  parts  of  copier  and  1  (f  zinc  foims  a  still  stronger 
s<»]der  for  the  coppersmiths.  When  several  parts  are  to  be  soldered  successively  upon 
the  same  piece,  the  more  fusible  alloys,  containing  more  zinc,  should  be  used  first.  A 
softer  solder  for  coppersmiths  is  made  with  6  parts  of  brass,  1  of  tin,  and  1  of  zinc ;  the 
tin  being  first  added  to  the  melted  brass,  then  the  zinc ;  and  the  whole  well  incorporated 
by  stirring. 

I'he  edges  of  sheet  lead  for  sulphuric  acid  chambers,  and  its  concentration  pans,  are 
joined  together  by  melted  lead  itself,  because  any  solder  containing  tin  would  soon  be 
corroded.  With  this  view,  the  two  edges  being  placed  in  contact,  are  flattened  down 
into  a  long  wooden  groove,  and  secured  in  their  situation  by  a  few  brass  pins  driven 
into  the  wood.  The  surfaces  are  next  brightened  with  a  triangular  scraper,  rubbed  over 
with  candle  grease,  and  then  covered  with  a  stream  of  hot  melted  lead.  The  riband  of 
lead  thus  applied  is  finally  equalized  by  being  brought  into  partial  fusion  with  the  plum- 
ber's conical  iron  heated  to  redness ;  the  contact  of  air  being  prevented  by  sprinkling 
rosin  over  the  surface.  The  sheets  of  lead  are  thus  bumed  together,  in  the  language  of 
the  workmen. 

SOOT  (Noir  defumte,  Suie,  Fr. ;  RuSy  Flattemu  Germ.),  is  the  pulverulent  chareoal 
condensed  from  the  smoke  of  wood  or  coal  fuel.  A  watery  infbsion  of  the  former  is  said 
to  be  antiseptic,  probably  from  its  containing  some  creosote. 

The  soot  of  pitcoal  has  not  been  analyzed  with  any  minuteness.    It  contains 
sulpha)^  and  carbonate  of  ammonia,  along  with  bituminous  matter. 
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SORBIC  ACID,  is  the  same  with  malic  acid ;  which  see. 

soy,  is  8  liquid  condiment-,  or  sauce,  imported  chiefly  from  China.  It  is  prepuii 
with  a  species  of  white  haricots,  wheat  flour,  common  salt,  and  water;  in  the  propor« 
tions  respectively  of  50,  t)(),  50,  and  250  pounds.  The  haricots  are  washed,  and  boiled 
in  water  till  they  become  so  soft  as  to  yield  to  the  fingers.  1'hey  are  then  laid  in  a  fiit 
dish  to  cool,  and  kneaded  alun^  with  the  flour,  a  little  of  the  hot  water  of  the  decoctia 
beinsT  added  from  time  to  time.  This  dough  is  next  spread  an  inch  or  an  inch  and  i 
half  thick  upon  the  flat  vessel  (made  of  thin  staves  of  bamboo),  and  when  it  becomes  k( 
and  mouldy,  in  two  or  three  days,  the  cover  is  raised  upon  bits  of  stick,  to  frive  free  accea 
of  air.  If  a  rancid  odor  is  exhaled,  and  the  mass  crows  green,  the  process  goes  on  wefl; 
but  if  it  grows  black,  it  must  be  more  freely  exposed  to  the  air.  As  sooa  as  all  the  ssr- 
face  is  covered  with  erecn  mouldiness,  which  usually  happens  in  eight  or  ten  dajs,  ik 
cover  is  removed,  and  the  luatter  is  placetl  in  the  sunshine  for  several  days.  AVhea  il 
has  become  as  hard  as  a  stone,  it  is  cut  into  small  fragments,  thrown  into  an  eartba 
vessel,  and  covered  with  the  250  jx^unds  of  water  having  the  salt  dissolved  in  iu  TV 
whole  is  stirred  tos;cther,  and  the  height  at  which  the  water  stands  is  noted.  The  ressd 
being  placed  in  the  sun«  its  contents  are  stirred  up  every  momins:  and  evening;  aodt 
cover  is  applied  at  ni^ht,  to  keep  it  warm  and  exclude  rain.  The  more  powerful  tk 
sun,  the  sooner  the  soy  will  be  completed  ;  but  it  generally  requires  two  or  three  of  tk 
hottest  summer  months.  As  the  mass  diminishes  by  eva|>oration,  well  water  is  added; 
and  the  digestion  is  continued  till  the  salt  water  has  dissolved  the  whole  of  the  floor  aid 
the  haricots ;  after  which  the  vessel  is  lef\  in  the  sun  for  a  few  days,  as  the  good  qoalitj 
of  the  soy  depends  on  the  completeness  of  the  solution,  which  is  promoted  by  regokr 
stirring.  When  it  has  at  lenuth  assumed  an  oily  appearance,  it  is  poured  into  bags,  tad 
strained.  The  clear  black  liquid  is  the  soy,  ready  for  use.  It  is  not  boiled,  but  is  put  up 
into  bottles,  which  must  be  carefully  corked.  Genuine  soy  was  made  in  this  way  at  Can* 
ton,  by  M  ichael  de  Grubbens.     See  Memoirs  of  ^Icademy  of  Scieiues  of  Stockholm  for  1803* 

SPECIFIC  GRAVITY,  desicnales  the  relative  weights  of  different  bodies  under  the 
same  hulk  ;  thus  a  cubic  foot  of  water  weighs  1000  ounces  avoirdupois ;  a  cubic  foot  cf 
coal,  1350  ;  a  cubic  foot  of  cast  iron,  7280  ;  a  cubic  foot  of  silver,  10,400  ;  and  a  cnbie 
foot  of  pure  gold,  19,200  ;  numbers  which  represent  the  specific  gravities  of  the  respectift 
substances,  compared  to  water  —  1*000.     See  Alloy. 

SPKCIJLUM  MKTAL,  is  an  alloy  of  copper  and  tin;  described  under  Copper. 

SPERMACETI ;  the  Cetinr  of  Chevreul.  In  certain  species  of  the  cackaloi  whale,  u 
the  Physeter  jnacrocephalus^  ttirsio,  microps,  and  orthodon,  as  also  the  Delphinus  edextiUutf 
the  fat  of  some  parts  of  their  bodies  contains  a  peculiar  kind  of  stearine,  called  spenna. 
ceti.  The  oil  obtained  from  cavities  in  the  bones  of  the  cranium  of  the  above  cetacesii 
the  richest  in  this  kind  of  stearine.  This  beinv'  thrown  into  great  filter-bags,  the  sper- 
maceti oil  passes  through,  and  is  subsequently  purified  by  the  addition  of  a  small  quantity 
of  potash  ley,  which  precipitates  certain  matters  by  neutralizing  the  acid  that  held  tbea 
in  solution.  The  solid  which  remains  on  the  filler  is  next  squeezed  in  bags,  by  metM 
of  a  horizontal  hydraulic  press  incn«sed  in  steam,  then  digested  with  a  weak  potash  ley, 
in  order  to  dissolve  out  any  oil  which  may  continue  to  adhere  to  it,  washed  with  watw-, 
finally  dissolved  in  a  tub  by  the  asency  of  steam,  laded  into  tin  pans,  and  allowed  slowly  to 
concrete  into  a  while,  semi-transparent,  biillle,  lamellar  cr}-stalHne  mass,  which  fom 
elegant  candles. 

At  60°  its  specific  gravity  is  0  943.  It  melts  at  1 12-5°;  100  parts  of  alcohol  at  0*821 
dissolve  34  of  it,  of  which  0-9  are  deposited  on  cooling.  Warm  ether  dissolves  it  in  very 
large  quantities.  It  is  soluble  also  in  the  fat  of  volatile  oils ;  and  if  the  solutions  have  beei 
saturated  while  hot,  the  greater  part  of  the  spermaceti  crystallizes  on  cooling.  Whea 
this  substance  has  been  purified  by  digesting  alcohcd  upon  it  repeatedly,  what  remains  it 
the  cetine  of  Chevreul,  or  pure  spermaceti.  Its  melting  point  has  now  become  116®  F., 
and  iis  boiling  point  616°  F,  at  which  it  distils  without  alteration.  Caustic  alkaliae 
leys  saponify  it  with  difficulty. 

SPIRIT  OF  AMMONIA  is,  properly  speakine,  alcohol  combined  with  ammonia  gas; 
but  the  term  is  often  applied  to  water  of  ammonia. 

SPIRITS,  VINOUS.  This  subject  has  been  fully  discussed  in  the  articles  ArcoHot, 
Distillation,  and  Fermentation.  I  have  shown  that  the  progressive  increase  of  al- 
cohol in  the  wash  tends  progressively  to  prevent  the  conversion  of  the  wort  into  spirit, or 
checks  the  fermenting  process,  though  a  great  deal  of  fermentable  matter  remains  aa- 
changed.  Mr.  Sheridan  has  sousht  to  remove  this  obstacle  to  the  thorough  trans- 
mutation of  saccharine  matter  into  alcohol,  by  drawing  off"  the  spirit  as  it  is  formed. 
For  this  purpose  he  ferments  his  wash  in  close  tuns,  connected  with  a  powerful  ahr- 
pump  worked  by  machinery',  thus  continually  removing  the  carbonic  acid  as  il  is  formed, 
and  maintaining  a  diminished  pressure  under  which  the  alcohol  readily  distils  at  a 
temperaiure  of  120°  or  ISO**  F.    He  finds  that  this  degree  of  heat  is  not  injuriooMto  the 
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lermentation,  provided  that  it  be  communicated  by  the  air  of  a  stove-room,  and  not  by 
irater  or  steam  pipes  traversing  the  liquid,  which  would  inevitablj'  scald  or  seeth  the  par- 
ticles in  succession,  and  thereby  extinguish  the  fermenting  principle.  , 

By  the  above  insrenious  plan,  Mr.  Sheridan  tells  me  he  has  obtained  28  gallons  of  proof 
spirit  from  a  quarter  of  grain,  instead  of  the  average  product  21,  being  an  increase  of  26 
per  cent.  The  experiment  was  tried  upon  a  considerable  scale  at  Messrs.  Currie's  great 
distillery  near  London ;  but  could  not  be  established  as  a  mode  of  manufacture,  on  ac- 
count of  the  excise  laws,  which  prohibit  the  distillers  from  currying  on  the  two  processes 
of  fermentation  and  distillation  at  the  same  time. 

SPIRIT  OF  WINE;  Alcohol. 

SPOXGE  (Eponge,  Fr. ;  Schwamrriy  Germ.),  is  a  cellular  fibrous  tissue  produced  by 
small  animals,  almost  imperceptible,  called  polypi  by  naturalists,  which  live  in  the  sea. 
This  tissue  is  said  to  he  covered  in  its  recent  state  with  a  kind  of  semi-fluid  thin  coat  of 
•nimal  jelly,  susceptible  of  a  slisrht  contraction  or  tremblins  on  being  touched ;  which 
is  the  only  symptom  of  vitality  displayed  by  the  sponge.  After  death,  this  jelly  disap- 
pears, and  leaves  merely  the  sponge ;  formed  by  the  combination  of  a  multitude  of  small 
capillary  tubes,  capable  of  receiving  water  in  tlieii  interior,  and  of  becoming  thereby  dis- 
tended. Sponges  occur  attached  to  stones  at  the  bottom  of  the  sea  j  and  abound  par- 
ticularly uiK)n  the  shores  of  the  islands  in  the  Grecian  Archipelago.  Although  analo- 
gous in  their  origin  to  coral,  sponges  arc  quite  diflferent  in  their  nature ;  the  former 
being  composed  almost  entirely  of  carbonate  of  lime;  while  the  latter  are  formed  of  the 
same  elements  as  animal  matters,  and  afford,  on  distillation,  a  considerable  qnantity  of 
ammonia. 

Dilute  sulphuric  acid  has  been  recommended  for  bleaching  sponges,  after  the  calcare- 
ous impurities  have  been  removed  by  muriatic  acid.     Chlorine  water  answers  better. 

SPOON  MANUFACTURE.     See  Stamping  op  Metals. 

STAINED  GLASS.  When  certain  metallic  oxydes  or  chlorides,  ground  up  with 
proper  fluxes,  are  painted  ui>on  glass,  their  colors  fuse  into  its  surface  at  a  moderate 
heat,  and  make  durable  pictures,  which  are  frequently  employed  in  ornamenting  the 
"windows  of  churches  as  well  as  of  other  public  and  private  buildings.  The  colors  of 
stained  ulass  are  all  transparent,  and  are  therefore  io  be  viewed  only  by  transmitted 
light.  Many  metallic  pisments,  which  afford  a  fine  effect  when  applied  cold  on  canvass 
or  paper,  are  so  changed  by  vitreous  fusion  as  to  be  quite  inapplicable  to  painting  in 
stained  glass. 

The  glass  proper  for  rcccivinu  these  vitrifying  pigments,  should  be  colorless,  uniform, 
and  difficult  of  fusion  ;  fur  which  reason  crown  glass,  made  with  little  alkali,  or  with 
kelp,  is  preferred.  When  the  design  is  too  large  to  be  contained  on  a  single  pane,  seve- 
ral are  fitted  together,  and  fixed  in  a  bed  of  soft  cement  while  painting,  and  then  taken 
asunder  to  be  serarntely  subjected  to  the  fire.  In  arranging  the  glass  pieces,  care  must 
be  taken  to  distribute  the  joinings  so  that  the  lead  frame-work  may  interfere  as  little  as 
possible  with  the  effect 

A  design  must  be  drawn  upon  paper,  and  placed  beneath  the  plate  of  glass;  though 
the  artist  cannot  regulate  his  tints  directly  by  his  palette,  but  by  specimens  of  the  colors 
producible  from  his  palette  pigments  after  they  are  fired.  The  upper  side  of  the  glass  be- 
ing sponged  over  with  gum-water,  affords,  when  dry,  a  surface  proper  for  receiving  the 
colors,  without  the  risk  of  their  running  irregularly,  as  they  would  be  apt  to  do,  on  the 
slippery  glass.  The  artist  first  draws  on  the  plate,  with  a  fine  pencil,  all  the  traces  which 
mark  the  great  outlined  and  shades  of  the  figures.  This  is  usually  done  in  black,  or,  at 
least,  some  strong  color,  such  as  brown,  blue,  green,  or  red.  In  laying  on  these,  the 
painter  is  guided  by  the  same  principles  as  the  engraver,  when  he  produces  the  effect  of 
light  and  shade  by  dots,  lines,  or  hatches ;  and  he  employs  that  color  to  produce  the 
shades,  which  will  harmonize  best  with  the  color  which  is  to  be  afterwards  applied ;  but 
for  the  deeper  shades,  black  is  in  general  used.  When  this  is  finished,  the  whole  pic- 
ture will  be  represented  in  lines  or  hatches  similar  to  an  engraving  finished  up  to  the 
highest  eflcct  possible ;  and  afterwards,  when  it  is  dry,  the  vitrifying  colors  are  laid  on 
by  means  of  larger  hair  pencils ;  their  selection  being  regulated  by  the  burnt  specimen 
tints.  When  he  finds  it  necessary  to  lay  two  colors  adjoining,  which  are  apt  to  run 
together  in  the  kiln,  he  must  apply  one  of  them  to  the  back  of  the  glass.  But  the  few 
principal  colors  to  be  presently  mentioned,  are  all  fast  colors,  which  do  not  run,  except 
the  yellow,  which  must  therefore  be  laid  on  the  opposite  side.  After  coloring,  the  artist 
proceeds  to  bring  out  the  lighter  effects  by  taking  off  the  color  in  the  proper  place,  with 
a  goose  quill  cut  like  a  pen  without  a  slit.  By  working  this  upon  the  glass,  he  removes 
the  color  from  the  parts  where  the  lights  should  be  the  strongest ;  such  as  the  hair,  eyes, 
the  reflection  of  bright  surfaces  and  light  parts  of  draperies.  The  blank  pen  maybe 
employed  either  to  make  the  lights  by  lines,  or  hatches  and  dots,  as  is  most  suitable  to  the 
subject.  * 
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By  the  metallic  preparations  now  laid  upon  it,  the  glass  is  made  ready  for  beinir  fired, 
in  order  to  fix  and  brin!<  out  the  proper  colors.  The  furnace  or  kilo  best  adapted  for  tltt 
par^se,  is  similar  to  that  used  by  enamellers.  See  Enamel,  and  the  Glazt-^cUny  nader 
Pottkjiy.  It  consists  of  a  muffle  or  arch  of  fire-clay,  or  pottery,  so  set  over  a  fireplace, 
and  so  surrounded  by  fluo«,  as  to  receive  a  ver>'  considerable  heat  within,  in  the  mint 
equable  and  rci^ular  manner;  otherwise  some  parts  of  the  glass  will  be  melted;  while, 
on  others,  the  suiterficial  iilm  of  colors  will  remain  unvitrified.  The  mouth  of  the  mofle^ 
and  the  entr}'  fur  introdiicini;  ftu'I  to  the  fire,  should  be  on  opposite  sides,  to  prerent  « 
much  as  possible  the  admission  of  dust  into  the  mufile,  whose  mouth  should  be  ckwel 
with  double  foldine-^loors  <»f  iron,  furnished  with  small  prep-holes,  to  allow  the  artist  tp 
watch  the  progress  of  the  stainins,  and  to  withdraw  small  trial  slips  of  glass,  painted  witt 
the  principal  tints  used  in  the  picture. 

The  muffle  must  be  rnaJe  of  very  refractor}*  fire-clay,  flat  at  its  bottom,  and  only  Sw 
6  inches  hiuh,  with  such  an  arched  top  ns  may  make  the  roof  strone,  and  so  close  oa  aB 
sides  as  to  exclude  entirely  the  smoke  and  flame.  On  the  bottom  of  the  muffle  a  smooll 
bed  of  sifted  lime,  freed  from  water,  about  half  an  inch  thick,  must  be  prepared  At 
receivini*  the  pane  of  cla^s.  Stimctimes  several  plates  of  glass  are  laid  orer  each  otbcr 
with  a  layer  of  dry  pulverulent  lime  between  each.  The  fire  is  now  liehted,  and  mart 
gradually  raised,  lest  the  glass  should  be  broken  ;  and  afler  it  has  attained  to  its  full  hot, 
it  must  be  kept  up  for  3  or  4  hours,  more  or  less,  according  to  the  indications  (^  tfce 
trial  slips;  the  yellow  color  bcinsr  principally  watched,  as  it  is  found  to  be  the  best  crite- 
rion of  the  state  of  the  others.  Wlien  the  colors  are  proi)erly  burnt  in,  the  fire  is  sofferei 
to  die  away,  so  as  to  anneal  the  glass. 

STAINKD-GU^SS  PrOMENTS. 

Fle^h  color. — Take  an  ounce  of  re<l  lead,  2  ounces  of  red  enamel,  (Venetian  glass  ens- 
mel,  from  alum  and  copperas  calcined  together,)  grind  them  to  fine  powder,  and  work  tbii 
up  with  spirits  (alcohol)  upon  a  hard  stone.  When  slightly  baked,  this  produces  a  fiie 
flesh  color. 

Black  color, — Take  14j|  ounces  of  smithy  scales  of  iron,  mix  them  with  two  ounces  cf 
while  glass,  (cr)'stal,)  an  ounce  of  antimony,  and  half  an  ounce  of  manganese ;  pound  sal 
grind  these  ingredients  together  with  strong  vinegar.  A  brilliant  black  may  aJso  be  ob- 
tained by  a  mixture  of  cobalt  blue  with  the  oxydes  of  manganese  and  iron.  Another  black 
is  made  from  three  parts  of  crystal  glass,  two  parts  of  oxyde  of  copper,  and  one  of  (ritfl 
of)  antimony  worked  up  together,  as  above. 

Brown  color, — An  ounce  of  while  glass  or  enamel,  half  an  ounce  of  good  manganese; 
ground  together. 

Retl,  rose,  and  broum  colors,  are  made  from  peroxyde  of  iron,  prepared  by  nitric  aeii 
The  flux  consists  of  borax,  sand,  and  minium  in  small  quantity. 

Red  color,  may  be  likewise  obtained  from  one  ounce  of  red  chalk  pounded,  mixed  witt 
two  ounces  of  white  hard  enamel,  and  a  little  peroxyde  of  copper. 

•^  red,  may  also  be  composed  of  rust  of  iron,  glass  of  antimony,  yellow  glass  of  leid, 
such  as  is  used  by  potters,  (or  litharge,)  each  in  equal  quantity ;  to  which  a  little  sulphv- 
ret  of  silver  is  added.  This  composition,  well  ground,  produces  a  very  fine  red  color  oi 
glass.  When  protoxyde  of  copper  is  used  to  stain  glass,  it  assumes  a  bright  red  or  greet 
color,  according  as  the  glass  is  more  or  less  heated  in  the  furnace,  the  former  corresponi- 
ing  to  the  prange  protoxyde,  the  latter  having  the  copper  in  the  state  of  peroxyde. 

Bistres  and  broum  reds,  may  be  obtained  by  mixtures  of  manganese,  orange  oxyde  of 
copper,  and  the  oxyde  of  iron  called  umber,  in  dififerent  proportions.  They  most  be  pre- 
yiously  fused  with  vitreous  solvents. 

Green  color. — Two  ounces  of  brass  calcined  into  an  oxyde,  two  ounces  of  minium,  ni 
eight  ounces  of  white  sand ;  reduce  them  to  a  fine  powder,  which  is  to  be  enclosed  in  t 
well  luted  crucible,  and  heated  strongly  in  an  air-furnace  for  an  hour.  When  the  mix- 
ture is  cold,  grind  it  in  a  brass  mortar.  Green  may,  however,  be  advantageously  proda- 
ced  by  a  yellow  on  one  side,  and  a  blue  on  the  other.  Oxyde  of  chrome  has  bec^  ahu 
employed  to  stain  glass  green. 

^fiiie  yellow  color, — ^Take  fine  silver  laminated  thin,  dissolve  in  nitric  acid,  dilute  witk 
abundance  of  water,  and  precipitate  with  solution  of  sea  salt.  Mix  this  chloride  of  s3- 
ver,  in  a  dry  powder,  with  three  times  its  weisrht  of  pipe-clay  well  burnt  and  pooode^ 
The  back  of  the  glass  pane  is  to  be  painted  with  this  powder ;  for  when  painted  on  the 
face,  it  is  apt  to  run  into  the  other  colors.  ^ 

Jinother  yellow  can  be  made  by  mixing  sulphuret  of  silver  with  glass  of  antimoiiy> 
and  yellow  ochre  previously  calcined  to  a  red-brown  tint.  Work  all  these  powden 
together,  and  paint  on  the  back  of  the  glass.  Or  silver  lamirut  melted  with  sulphur,  aai 
glass  of  antimony,  thrown  into  cold  water,  and  afterwards  ground  to  powdor^  affiird  t 
yellow. 
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•jS  pale  yellow  may  be  made  with  the  powder  resulting  from  braids,  sulphur,  and  glass 
of  antimony,  calcined  together  in  a  crucible,  till  they  cease  to  smoke ;  and  then  mixed 
wilh  a  little  burnt  yellow  ochre. 

The  fine  yellow  of  M.  Merand  is  prepared  from  chloride  of  silver,  oxyde  of  zinc,  white- 
clay,  and  rust  of  iron.     This  mixture,  simply  ground,  is  applied  on  the  glass. 

Orange  color. — Take  1  part  of  silver  powder,  as  precipitated  from  the  nitrate  of  that 
metal  by  plates  of  copper,  and  washed ;  mix  it  with  I  part  of  red  ochre  and  1  of  yellow, 
by  careful  trituration;  grind  into  a  thin  pap  with  oil  of  turpentine  or  lavender,  and  apply 
Uiis  with  a  brush,  dry,  and  bum  in. 

In  the  Philosophical  Magazine,  of  December,  1836,  the  anonymous  author  of  an  in- 
Itenious  essay,  "  On  the  Art  of  Glass-painting,"  says,  that  if  a  large  proportion  of  ochre 
has  been  employed  with  the  silver,  the  stain  is  yellow  ;  if  a  small  proportion,  it  is  orange- 
eolored ;  and  by  repeated  exposure  to  the  fire,  without  any  additional  coloring-matter, 
the  orange  may  be  converted  into  red  ;  but  this  conversion  re(|uires  a  nice  management 
of  the  heat.  Artists  oflen  make  use  of  panes  colored  throughout  their  substance  in  the 
Iflass-house  pots,  because  the  perfect  transparency  of  such  glass  gives  a  brilliancy  of 
effect,  which  enamel  paintine,  always  more  or  less  opaque,  cannot  rival.  It  was  to  a 
{(lass  of  this  kind  that  the  old  glass-painters  owed  their  splendid  red.  This  is,  in  fact, 
the  only  point  in  which  the  modern  and  ancient  processes  differ ;  and  this  is  the  only 
|Mirt  of  the  art  which  was  ever  really  lost.  Instead  of  blowing  plates  of  solid  red,  the 
old  glass-makers  (like  those  of  Bohemia,  for  some  time  back)  used  to  JIash  a  thin 
layer  of  brilliant  red  over  a  substratum  of  colorless  glass;  by  gathering  a  lump  of  the 
hitter  upon  the  end  of  their  iron  rod  in  one  pot,  covering  it  with  a  layer  of  the  former 
ui  another  pot,  then  blowing  out  the  two  together  into  a  globe  or  cylinder,  to  be  opehed 
into  circular  tables,  or  into  rectangular  plates.  The  elegant  art  of  tinging  glass  red  by 
protoxyde  of  copper,  and  flashing  it  on  common  crown  glass,  has  become  general  within 
these  few  years. 

That  gold  melted  with  flint  glass  stains  it  purple,  wa«  originally  discovered  and  prae- 
tised,  as  a  profitable  secret,  by  Kunckel.  Gold  has  been  recently  used  at  Birmingham 
for  giving  a  beautiful  rose-color  to  scent  bottles.  The  proportion  of  gold  should  be 
Tery  small,  and  the  heat  very  great,  to  produce  m  good  effect.  The  glass  must  contain 
either  the  oxyde  of  lead,  bismuth,  zinc,  or  antimony  ;  for  crown  glass  will  take  no  color 
from  gold.  Glass  combined  with  this  metal,  when  removed  from  the  crucible,  is  general- 
ly of  a  pale  rose-color ;  nay,  sometimes  is  as  colorless  as  water,  and  does  not  assume  its 
mby  color  till  it  has  been  exposed  to  a  low  red  heat,  either  under  a  muffle  or  at  the 
lamp.  This  operation  must  be  nicely  regulated ;  because  a  slight  excess  of  fire  destroy! 
the  color,  leaving  the  glass  of  a  dingy  brown,  but  with  a  blue  (green  7)  transparency, 
like  that  of  gold  leaf.  It  is  metallic  gold  which  gives  the  color;  and,  indeed,  the  oxyde 
in  too  easily  reduced,  not  to  be  converted  into  the  metal  by  the  intense  heat  which  is  ne- 
cessarily required. 

Upon  the  kindred  art  of  painting  in  enamel,  Mr.  A.  Essex  has  published  an  in- 
teresting paper  in  the  same  journal,  for  June,  1837,  in  which  he  says  that  the  ancient 
mby  glass,  on  being  exposed  to  the  beat  of  a  glass-kiln,  preserves  its  color  unimpaired, 
while  the  modem  suffers  considerable  injury,  and  in  some  cases  becomes  almost  black. 
Hence  the  latter  cannot  be  painted  upon,  as  the  heat  required  to  fix  the  fresh  color  would 
destroy  the  beauty  of  the  original  basis.  To  obviate  this  difficulty,  the  artist  paints  upon 
a  piece  of  plain  glass  the  tints  and  shadows  necessary  for  blending  the  rich  ruby  glow 
with  the  other  parts  of  his  picture,  leaving  those  parts  untouched  where  he  wishes  the 
rnby  to  appear  in  undiminished  brilliancy,  and  fixes  the  ruby  glass  in  the  picture  behind 
tbe  painted  piece,  so  that  in  such  parts  the  window  is  double  glazed.  Mr.  Essex  em- 
ploys, as  did  the  late  Mr.  Muss,  chrome  oxyde  alone  for  greens ;  and  he  rejects  the  use 
of  iron  and  manganese  in  his  enamel  colors. 

Colored  transparent  glass  is  applied  as  enamel  in  silver  and  gold  bijotUerie,  pr^ 
▼iously  brighi-c%u  in  the  metal  with  the  graver  or  the  rose-engine.  The  cuts,  reflecting 
the  rays  of  light  from  their  numerous  surfaces,  exhibit  through  the  glass,  richly  stained 
with  gold,  silver,  copper,  cobalt,  &c.,  a  gorgeous  play  of  prismatic  colors,  varied  with 
rrery  change  of  aspect.  When  the  enamel  is  to  be  painted  on,  it  should  be  made  opal- 
escent by  oxyde  of  arsenic,  in  order  to  produce  the  most  agreeable  efifect. 

The  artist  in  enamel  has  obtained  from  modem  chemistry,  preparations  of  the  metals 
platinum,  uranium,  and  chromium,  which  furnish  four  of  the  richest  and  most  useful 
colors  of  his  palette.  Oxyde  of  platinum  produces  a  substantive  rich  brown,  formerly 
unknown  in  enamel  painting;  a  beautiful  transparent  tint,  which  no  intensity  or  repeti- 
tion of  fire  can  injure.  Colors  proper  for  enamel  painting,  he  says,  are  not  to  be  pur- 
chased ;  those  sold  for  the  purpose,  are  adapted  only  for  painting  upon  china.  The  con- 
ftitnents  of  the  green  enamel  used  by  his  brother,  Mr,  W.  Essex,  are,  silica,  boiax,  oxyde 
of  lead,  and  oxyde  of  chrome. 
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Mr.  Essex's  enamellini;  furnace  is  n  cubic  sj-ace  of  about  12  inches,  and  eoDtanit 
fire-clay  muffle,  without  either  bottom  or  back,  which  is  surrcunded  with  coLe,  except  a 
front.  The  entire  diauuht  of  air  which  supplies  the  furnace,  passes  throuch  the 
muffle;  the  plates  and  paintings  beins  placed  on  a  thin  slab,  on ade  of  tempered  fiI^ 
clay,  technically  termed  p/cwrAf,  which  rests  on  the  bed  of  coke-fuel.  As  the  f:ietint 
heat  is  at  the  back  of  the  muffle,  the  picture  must  be  turned  round  while  in  lbe£re, 
by  means  of  a  pair  of  spring  tongs.  The  above  furnace  serves  for  objects  up  to  ire 
inches  in  diameter;  but  for  larger  works  a  difl'erent  furnace  is  required,  for  the  dc&ciip- 
lion  of  which  I  must  refer  to  the  original  jajer. 

Relatively  to  the  receipts  for  enamel  cclors,  and  f(>r  staining  and  gilding  on  ghn, 
for  which  twenty  euineas  were  voted  by  the  Society  for  the  Erccuiagement  cf  Art5,ii 
the  session  of  1817,  to  Mr.  R.  W'ynn,  Mr.  A.  Essex  says,  in  p.  446  cf  his  es^ay— 
"the  unfortunate  artist  who  shall  attempt  to  make  colors  for  the  purpose  cf  painlifiga 
enamel  from  these  receipts,  will  assuredly  find,  to  his  disapi  ointment,  thai  they  are  ut- 
terly useless."  In  page -149  he  institutes  a  c( mpari^cn  between  Mr.  W}nn's  ctic{ki 
farrago  for  green,  as  published  in  the  Trnn^aclions  cf  tl.e  ?ici<iy,  with  the  timfs. 
receipt  of  his  brother,  as  given  ab<»ve.  It  is  a  renaikable  circun  sionce,  that  net  cccff 
our  enamel  artists,  during  a  peritd  of  twenty  years,  should  have  drncunccd  the  falbc 
of  these  receipts,  and  the  folly  of  sanctionins  ini|tMure  by  n  public  rt>»aid.  bhtoU 
Mr.  Essex's  animadversions  be  just,  the  well-intenti<^n(d  ^'ccicty  in  the  Adcli  hi  ir.ay,fn* 
the  negligence  of  its  committee,  come  to  merit  the  t^Uriqmt,  **  I'or  the  Discouragcmftf 
of  Arts." 

STAMPING  OF  METALS.  The  following  incenitus  irachine  for  iranufoctDriet 
metal  sp(mns,  forks,  and  other  articles,  was  uiade  the  siitjrct  <  f  a  }  atent  by  Jonilba 
Hayne,  of  Clerkenwell,  in  May,  1833.  He  tmplojs  a  stoui  in^-n  nchine  \iitb  difsi^ 
which  the  hammer  is  raised  to  a  height  between  guides,  and  is  let  fall  by  a  tiisffr. 
He  prf'fers  fixing  the  protuberant  or  relief  portitn  c f  the  die  to  the  staticrni}  blcck  or 
bed  of  the  stamping-machine,  and  the  counterpart  or  intaglio  to  the  falling  haiLiKtr 
or  ram. 

The  peculiar  feature  of  improvement  in  this  manufacture  consists  in  producing  tlie 
spoon,  ladle,  or  fork  perfect  at  one  blow  in  the  stamping-machine,  and  requiring  do 
further  manipulation  of  shaping,  but  simply  trimming  otf  the  haib  or  fin,  and  polishi^ 
the  surface,  to  render  the  article  perfect  and  finished. 

Heretofore,  in  employing  a  stamping-machine,  or  fly-press,  for  iranufacturing  spooos, 
ladles,  and  forks,  it  has  been  the  practice  to  give  the  impressions  to  the  handles,  and  to 
the  bowls  or  pronss,  by  distinct  operations  of  diflerent  di(s,  and  after  having  >o  r*r> 
tially  produced  the  pattern  upon  the  article,  the  handles  had  to  be  bent  and  formed  kf 
the  operations  of  filing  and  hammering. 

By  his  improved  form  of  dies,  which,  having  curved  surfaces  and  bevelled  edges,  allow 
of  no  parts  of  the  faces  of  the  die  and  counter-<lie  to  come  into  contact,  he  is  enabled  to 
produce  considerable  elevations  of  pattern  and  form,  and  to  bring  up  the  article  peifert 
at  one  bh)w,  with  only  a  sliirht  barb  or  fin  upon  its  edge. 

In  the  accompanying  drawings,  fig.  1042  is  the  lower  or  bed  die  for  prcducioga 
spoon,  seen  edgewise;  fig.  1043  is  the  face  of  the  upper  or  counter-die,  correspor^di^; 
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fig.  1044  is  a  section, 
taken  through  tlie 
middle  of  the  pair  of 
dies,  showing  the 
space  in  which  the 
metal  is  pressed  IB 
form  the  spoon. 

To  manufactoie 
spoons,  ladles,  or  forks 
according  to  his  im- 
proved process,  be 
first  forges  out  the 
ingot  into  flat  pieces, 
of  the  shape  and  di> 
mensions  of  the  die  of  the  intended  article  ;  and  if  a  spoon  or  ladle  is  to  be  made,  gives 
a  slight  degree  of  concavity  to  the  bowl  part ;  but,  if  necessary,  bends  the  back,  in  order 
that  it  may  lie  more  steadily,  and  bend  more  accurately,  upon  the  lower  die  ;  if  a  fork, 
he  cuts  or  otherwise  removes  portions  of  the  metal  at  those  parts  which  will  interrese 
between  the  prongs ;  and,  having  thus  produced  the  rude  embryo  of  the  intended  article^ 
scrapes  its  entire  surface  clean  and  free  ficm  oxydation-scale  or  fire-strain,  when  it  is 
ready  to  be  introduced  into  the  stamping-machine. 

He  now  fixes  the  lower  die  in  ihc  bed  of  the  stamping-machine,  shown  at  a,  a,  in  the 
elevaticns  y7pf.  1015  and   104G,  and  fixes,  in  the  hammer  6,  the  upper  or  connter-die 


ralely  kdjustin;  Ihrai  both,  to  that  Iheji  nay  correspond  cibcU]-  -atita  brought 
^r.  He  then  places  the  nulely-rormed  ariicle  above  described  upon  the  loirec 
die,  and  having  drawo  up  the 
hammer  to  a  sufficient  elevatioa 
by  a  windlasa  and  rope,  or  olher 
ordinaiy  means,  leW  go  the  trigger, 
aod  Bllons  the  hammer  with  the 
eounler-die  to  fall  upon  (he  under 
die,  on  which  the  article  is  placed  j 
when,  b)  Ibe  blow  thus  given  to 
the  metal,  the  true  and  perfect 
figure  and  pattern  of  the  spoon, 
ladle,  01  fork  is  produced,  and 
which,  as  before  said,  will  only 
require  the  removal  of  the  slichl 
edging  of  barb  or  fin,  with  polish- 
ing, to  finish  il. 

On  itrihing    Ibe    blow,   in    the 
operation  of  Stamping  the  article, 
the  liammcr  will  recoil  and  fiy  up 
some  distance,  and  if  allowed   to 
fall  a!;ain   with   rfilcraled   blows, 
would  injure  both  the  article  and 
tlie  dies)   therefore,  to  avoid  thit 
muses  the  ham- 
in  recoilin)(  to  be  caught  by 
-  of  palls  locking  into  Vadu 

e  face  of  the  standards,  seen 

in^{:t.  1045  and  1046.  In  Jig.  104fi  the  hammer  b,  of  the  slnrnpinE-machine,  is  seen 
raised  and  suspended  by  a  rope  attached  to  a  pair  of  jointed  books  or  holders  d,  d,  the 
lower  ends  of  which  pass  into  ejes  e,  e,  eilending  from  the  lop  of  Ibe  hammer.  When 
the  lever  or  trigger  (  is  drawn  forward,  as  in/ig.  104G,  the  two  inclined  planes  j,g, 
on  the  iile  h,  press  the  two  legs  of  (he  liolders  d,  d,  inn'nrd,  and  cause  their  books  or 
lower  ends  to  be  withdrawn  from  the  eyes  t,  t,  when  the  hammer  instantly  falls,  and 
brings  the  dies  tofielher  :  snch  i»  the  ordinary  construction  of  the  stampinE-machiDC. 

On  the  hammer  falling  from  a  coni^idcrable  elcvalion,  the  violence  of  the  blow  causes 
it  to  recoil  and  bound  upwards,  as  before  mentioned;  it  therefore  becomes  necessary  to 
Caleb  the  hammer  when  il  has  rebounded,  in  order  to  prevent  the  dies  coming  again  to- 
gether i  this  is  done  by  the  futlowlng  mechanism: — 

Two  Inlch  levers  i,  i,  are  cnnnccled  by  joints  to  the  upper  part  of  Ihe  hammer,  and 
two  pall  levers  fr,  fc,  turning  upon  pins,  are  mounted  in  the  bridge  (,  affixed  to  the  ham- 
BKT.  Two  sprinp  m,  m,  act  against  Ihe  lower  ann)  of  these  levers,  and  press  them 
outwards,  for  Ihe  purpose  of  throwing  the  palls  at  Ihe  lower  ends  of  the  levers  into  the 
laelh  of  Ihe  ratchet  racks  r,  n,  fixed  on  the  sides  of  the  upi  Ight  standards. 

Previously  to  raising  the  hammer,  Ihe  upper  ends  of  Ibe  [wll  levers  k,  are  drawn  bacic, 
and  Ihe  latches  i,  being  brought  down  upon  them,  as  in  Jig.  1045,  Ihe  levers  k  are  con- 
fined, and  their  palls  prevented  from  striking  into  the  side  rac)>s ;  but  as  the  hammer 
Alls,  the  ends  of  the  latches  i  strike  upon  the  fingers  o,  d,  fixed  to  the  side  standard!,  and 
liberate  the  palls,  the  lower  ends  of  which,  when  the  haminer  rebounds,  after  stamping, 
catch  into  the  teeth  of  the  racks,  as  in^i-.  1046,  and  thereby  present  the  hammer  from 
■gain  descending. 

STARCH  (.irridba,  Ftei^,  Tc;  SlUrkt,  Germ.},  i«  a  while  pulverulent  substance, 
composed  ofmicrOKopic  spheroids,  which  are  bags  containing  the  amytaeeous  matter. 
Il  exists  in  a  great  many  diflcrenl  plants,  and  vaiies  merely  in  the  form  and  size  of  its 
mJCToscopic  particles;  as  found  in  some  plants,  it  d^nsists  of  spherical  particles 
an  inch  in  diameter;  and  in  others,  of  ovrod  particles,  of  _X^  or  -^L^  of  an  iaeh. 
ears,  I.  in  the  seeds  of  all  Ihe  acolytedinous  plants,  among  whjch  are  the  several  sreeies  of 
corns,  and  those  of  other  graminia ;  !.  in  the  round  perennial  tap  roots,  which  shoot 
Bp  an  annual  stem  ,■  in  the  tuberose  rools,  such  as  potatoes,  the  ConroimAu  botalat  and 
CfMii,  the  Htliantku  laberotiu,  the  Jatrt/pha  TnaiiihDl,  kc,  which  contain  a  great  quantity 
of  itj  3.  in  Ibe  stems  of  several  mouocolyledinous  plants,  especially  of  the  palm 
tribe,  whence  saio  comes ;  bnt  il  is  very  rarely  found  in  Ihe  stems  and  btanchei  cf 
the  dicotyledinoufl  plants;  4.  il  occurs  in  many  species  of  lichen.  Three  kinds  t£ 
March  have  been  distinguished  by  ebemiats;  that  of  wheat,  that  called  niKJiM,and  licboi 
starefa.  Tbnf  three  agree  in  being  insoluble  in  cold  water,  alcohol,  ether,  and  oils,  and 
ia  being  converted  into  sugar  by  either  dilute  ralphuric  acid  or  diastase.  The  main 
dilleretiee  between  thein  CMiiiiti  in  their  hahitadM  with  water  and  icxtiDc  ne  tot 
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forms  with  hot  water  a  mucila^inoas  solution,  which  constitutes,  when  eold,  the  paite 
of  the  laundress,  and  is  tinged  blue  by  iodine ;  the  second  fonns  a  granular  predpitale, 
when  it9Folution  in  boiling-hot  water  issufl'ered  to  cool,  which  is  tinged  yellow  bj  iodise; 
the  third  affords,  by  cooling  the  concentrated  solution,  a  gelatinous  mass,  with  a  clear  Hqmr 
floating  orer  it,  that  contains  little  stnrch.     Its  jelly  becomes  browD>fnray  with  iodine. 

1.  Ordinary  starch, — This  may  be  rxlraclwl  from  the  following  grains: — wheat,  lye, 
barley,  oats,  buckwheat,  rice,  maize,  millet,  spelt ;  from  the  siliquose  seeds,  as  peas  bease, 
lentiles,  9lc.  ;  from  tuberous  and  tap  ro<jis,  as  those  of  the  potato,  the  orchis,  manioc,  arrow 
root,  batata,  &c.  Different  kinds  of  corn  yidd  ver}'  variable  quantities  of  sSardu 
Wheat  differs  in  this  respect,  according  to  the  varieties  of  the  plant,  as  well  as  the  scii 
manure,  season,  and  climate.     See  Bri-ap. 

Wheat  partly  damaged  by  long  keepin?  in  trranaries,  may  be  employed  for  the  msao- 
ftcture  of  starch,  as  this  constituent  suffers  less  injury  than  the  glnten;  and  it  maf  he 
used  either  in  the  ground  or  uncround  state. 

1.  With  ungrouiid  xcheat. — The  wheat  being  sifted  clean,  is  to  be  pot  into  eistens, 
covered  with  soft  water,  and  left  to  steep  till  it  becomes  swollen  and  so  soA  as  to  be 
easily  crushed  between  the  fingers.  It  is  now  to  be  taken  out,  and  immersed  in  dai 
water  of  a  temperature  equal  to  that  of  mailing-barley,  whence  it  is  to  be  IraDsferrei 
into  bags,  which  are  placed  in  a  wooden  chest  containing  some  water,  and  exposed  to 
strong  pressure.  The  water  rendered  nulky  by  the  starch  being  drawn  off  by  a  tap^ 
fresh  water  is  poured  in,  and  the  pressure  is  repeated.  Instead  of  putting  the  swoDes 
grain  into  baes,  some  prefer  to  grind  it  under  vertical  edge-stones,  or  between  a  pair  of 
horizontal  rollers,  and  then  to  lay  it  in  a  cistern,  and  separate  the  starchy  liquor  by  cIg> 
triation  with  successive  quantities  of  water  well  stirred  up  with  it.  The  residuary  nst- 
ter  in  the  sacks  or  cisterns  contains  much  vegetable  albumen  and  gluten,  along  with  the 
husks ;  when  exposed  to  fermentation,  it  affords  a  small  quantity  of  starch  of  rather  is- 
ferior  quality. 

The  above  milky  liquor,  obtained  by  expression  or  elutriation,  is  mn  into  large  cistens, 
where  it  deposites  its  starch  in  layers  successively  less  and  less  dense ;    the  uppennoit 
containing  a  considerable  proportion  of  gluten.    The  supernatant  liqnor  being  dnwi 
off,  and  fVesh  water  poured  on  it,  the  whole  must  be  well  stirred  up,  allowed  agaii  to 
settle,  and  the  surface-liquor  again  withdrawn.    This  washing  should  be  repeated  as 
long  as  the  water  takes  any  perceptible  color.     As  the  first  turbid   liquor  contaiat  t 
mixture  of  gluten,  sugar,  gum,  albumen,  &c.,  it  ferments  readily,,  and  produces  a  catais 
portion  of  vinegar,  which  helps  to  dissolve  out  the  rest  of  the  mingled  gluten,  and  tbns 
to  bleach  the  starch.    It  is,  in  fact,  by  the  action  of  this  fermented  or  soured  water,  aid 
repeated  washing,  that  it  is  purified.    After  the  last  deposition  and  decanUtioD,  there 
appears  on  the  surface  of  the  starch  a  thin  layer  of  a  slimy  mixture  of  gluten  and  aAv- 
men,  which,  being  scraped  ofl',  serves  for  feeding  pigs  or  oxen ;  underneath  will  be  fomd 
a  starch  of  good  quality.    The  layers  of  different  sorts  are  then  taken  up  with  a  wooda 
shovel,  transferred  into  separate  cisterns,  where  they  are  agitated  with  water,  and  pased 
through  fine  sieves.    After  this  pap  is  once  more  well  settled,  the  clesir  water  is  drawi 
off,  the  starchy  mass  is  taken  out,  and  laid  on  linen  cloths  in  wicker  baskets,  todraia  lad 
become  partially  dr>'.    When  sufficiently  firm,  it  is  cut  into  pieces,  which  are  spread  apos 
other  cloths,  and  thoroughly  desiccated  in  a  proper  drying-room,  which  in  winter  is  heat- 
ed by  stoves.    The  upper  surface  of  the  starch  is  generally  scraped,  to  remove  aiy 
dusty  matter,  and  the  resulting  powder  is  sold  in  that  state.    Wheat  yields,  upoo  u 
average,  only  from  35  to  40  per  cent,  of  good  starch.    It  should  afford  more  by  skilfiil 
management. 

2.  In  this  country,  wheat  crushed  between  iron  rollers  is  laid  to  steep  in  w  modi 
water  as  will  wet  it  thoroughly ;  in  four  or  five  days  the  mixture  ferments,  soon  afterwaidi 
settles,  and  is  ready  to  be  washed  out  with  a  quantity  of  witter  into  the  proper  fermeBt- 
ing  vats.  The  common  time  allowed  for  the  steep,  is  from  14  to  20  days.  The  next 
process  consists  in  removing  the  ^tuff  from  the  vats  into  a  stout  round  basket  set 
across  a  back  below  a  pump.  One  or  two  men  keep  going  round  the  basket,  stirriag 
up  the  stuff  with  strong  wooden  shovels,  while  another  keeps  pumping  water,  t^  all  the 
farina  is  completely  washed  from  the  bran.  Whenever  the  subjacent  badi  is  filkd, 
the  liquor  is  taken  out  and  strained  through  hair  sieves  into  square  frames  or  dstens, 
where  it  is  allowed  to  settle  for  24  hours;  after  which  the  water  is  run  off  fixxa  the 
deposited  starch  by  plug  taps  at  different  levels  in  the  side.  The  thin  stuff  called  s/mics, 
upon  the  surface  of  the  starch,  is  removed  by  a  tray  of  a  peculiar  form.  Fresh  water 
is  now  introduced,  and  the  whole  being  well  mixed  by  proper  agitation,  is  then  poured 
upon  fine  silk  sieves.  What  passes  through  is  allowed  to  settle  for  24  hours ;  the 
liquor  being  withdrawn,  and  then  the  slimes,  as  before,  more  water  is  again  poured  i^ 
with  agitation,  when  the  mixture  is  again  thrown  upon  the  silk  sieve.  The  milky  liqaor 
is  now  suffered  to  rest  for  several  (kys,  4  or  5,  tiU  the  starch  becomes  settled  pretty 
finnly  at  the  bottom  of  the  square  cistsm.    If  the  starch  is  to  haTt  the  bine  tiat, 
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called  Poland,  fine  smalt  mnst  be  mixed  in  the  liquor  of  the  last  sieve,  in  the  proportion 
of  two  or  three  pounds  to  the  cwt.  A  considerable  portion  of  these  slimes  may,  by  good 
management,  be  worked  up  into  starch  by  elutriation  and  straining. 

The  starch  is  now  fit  for6oj:in^,  by  shovelling  the  cleaned  deposite  Into  wooden  chests, 
about  4  feet  long,  12  inches  broad,  and  6  inches  deep,  perforated  throughout,  and  lined 
with  thin  canvass.  When  it  is  drained  and  dried  into  a  compact  mass,  it  is  turned  out  by 
inverting  the  chests  upon  a  clean  table,  where  it  is  broken  into  pieces  four  or  five  inches 
square,  by  laying  a  ruler  underneath  the  cake,  and  giving  its  surface  a  cut  with  a  knife, 
after  which  the  slightest  pressure  with  the  hand  wiU  maJ<e  the  fracture.  These  pieces 
are  set  upon  half-burned  bricks,  which  by  their  porous  capillarity  imbibe  the  moisture  of 
the  starch,  so  that  its  under  surface  may  not  become  hard  and  horny.  When  sufficiently 
dried  upon  the  bricks,  it  is  put  into  a  stove,  (which  resembles  that  of  a  sugar  refinery,) 
and  left  there  till  tolerably  dry.  It  is  now  removed  to  a  table,  when  all  the  sides  are 
carefully  scraped  with  a  knife ;  it  is  next  packed  up  in  the  papers  in  which  it  is  sold ; 
these  packages  are  returned  into  the  stove,  and  subjected  to  a  gentle  heat  during  some 
days ;  a  point  which  requires  to  be  skilfully  regulated. 

Mr.  Samuel  Hall  obtained  a  patent  for  bleaching  starch  by  chloride  of  lime  in  1821. 
Chlorine  water  would  probably  be  preferable,  and  might  prove  useful  in  operating  upon 
damaged  wheat. 

The  sour  water  of  the  starch  manufacture  contains,  according  to  Yauquelin,  acetic  add, 
acetaie  of  ammonia,  alcohol,  phosphate  of  lime,  and  gluten. 

During  the  drying,  starch  splits  into  small  prismatic  columns,  of  considerable  regulari- 
ty. When  kept  dry,  it  remains  unaltered  for  a  very  long  period.  When  it  is  heated  to 
a  certain  degree  in  water,  the  envelopes  of  its  spheroidal  particles  burst,  and  the  farina 
forms  a  mucilaginous  emulsion,  magma,  or  paste.  When  this  apparent  solution  is  eva- 
porated to  dryness,  a  brittle  homy-looking  substance  is  obtained,  quite  difierent  in  aspect 
from  starch,  but  similar  in  chemical  habitudes.  When  the  moist  paste  is  exposed  for  two 
or  three  months  to  the  air  in  summer,  the  starch  is  converted  into  sugar  to  the  amount 
of  one  third  or  one  half  of  its  weight,  into  gum,  and  srelatinous  starch  called  amidine  by 
De  Saussure,  with  occasionally  a  resinous  matter.  This  curious  change  goes  on  even  in 
close  vessels. 

Starch  from  potatoes, — From  the  following  table  of  analyses,  it  appears  that  potatoes 
contain  from  24  to  30  per  cent,  of  dry  substance : — 


Starch. 

FibrooaPa- 

Ve^table 

Gam,  Sagar, 

Water. 

renchyoia. 

Albumen 

and  Salts. 

Red  potatoes,  -        -        -        - 

150 

70 

1-4 

9-2 

75-0 

Germinating  potatoes,  - 

15-2 

6-8 

1-3 

3-7 

73-0 

Kidney  potatoes,      ... 

9-1 

8-8 

0-8 

— 

81-3 

Large  red  potatoes, 

12-9 

60 

0-7 

— 

78-0 

Sweet  potatoes,        .        .        - 

15-1 

8-2 

08 

— 

74-3 

Peruvian  potatoes, 

150 

5-2 

1-9 

1-9 

760 

English  potatoes,     ... 

12-9 

6-8 

M 

1-7 

77-5 

Parisian  potatoes, 

13-3 

6-8 

0-9 

4-8 

73-1 

Manufacture  of  potato  starch. — ^The  potatoes  are  first  washed  in  a  cylindrical  cage 
formed  of  wooden  spars,  made  to  revolve  upon  a  horizontal  axis,  in  a  trough  filled  with 
water  to  the  level  of  the  axis.  They  are  then  reduced  to  a  pulp  by  a  rasping  machine, 
similar  to  that  represented  in  fii^s,  1047,  1048,  where  a  is  a  wooden  drum  covered  with 
sheet-iron,  roughened  outside  with  numerous  prominences,  made  by  punching  out  holes 
from  the  opposite  side.  It  is  turned  by  a  winch  fixed  upon  each  end  of  the  shaft.  The 
drum  is  enclosed  in  a  square  wooden  box,  to  prevent  the  potato-mash  from  being  scatter- 
ed about.  The  hopper  b  is  attached  to  the  upper  frame,  has  its  bottom  concentric  with 
the  rasp-drum,  and  nearly  in  contact  with  it.  The  pulp  chest  c  is  made  to  slide  out,  so 
as  when  full  to  be  readily  replaced  by  another.  The  two  slanting  boards  ^,  d,  conduct  the 
pulp  into  it.  A  moderate  stream  of  water  should  be  made  to  play  into  the  hopper  upon 
the  potatoes,  to  prevent  the  surface  of  the  rasp  from  getting  foul  with  fibrous  matter. 
Two  men,  with  one  for  a  relay,  will  rasp,  with  such  a  machine,  from  2)  to  3  tons  of  po- 
tatoes in  12  hours. 

The  potato  pulp  must  be  now  elutriated  upon  a  fine  wire  or  hair  seive,  which  is  set 
upon  a  frame  in  the  mouth  of  a  large  vat,  while  water  is  made  to  flow  upon  it  from  a 
qK>ut  with  many  jets.  The  pulp  meanwhile  must  be  stirred  and  kneaded  by  the  hand, 
or  by  a  mechanical  brush-agitator,  till  almost  nothing  but  fibrous  particles  are  leA  upon 
itke  sieve.  These,  however,  generally  retain  about  five  per  cent,  of  starch,  which  cannot 
be  separated  in  this  way.  T^  parenchyma  should  therefore  be  subjected  to  a  separate 
rasping  upon  another  eylinder.  Th*  virtcr  turbid  with  starch  is  allowed  to  settle  for  some 


-an  b;  B  cock  into  a  •wtmd  bMlc,  lod  ate 
Bome  lime  into  a  thiid,  whereb)' llie  whoir 
aUrch  will  be  precipitated.  The  fiaeM 
powder  eolleeti  in  the  last  veateL  The 
Btareh  thiu  obtaineil,  ctmlBining  33  pet 
cent,  or  water,  may  be  oted  eilker  m  tie 
nioisl  state,  under  the  amme  <if  gnat  fia- 
la,  Tor  rariouB  purpoaes,  ai  for  the  prepa- 
ration of  dextrine,  aod  starch  lirtipj  «r 
it  may  be  pmeTved  onder  a  thia  lar<r</ 
wBtpr,  which  must  be  renewed  from  liiK 
to  time,  to  preTem  rerraentalion ;  orlan- 
ly,  it  TDsy  be  taken  out  and  dried- 

In  trials  tcade  with  St.  Etienne^  »« 
and  starch  machinerr,  in  Paris,  whi<i 
was  driven  by  two  hoises,  nearly  18  ewlt. 
ofpotBtors  were  pnl  through  all  the  re- 
quisite operations  in  one  hour,  incladlni 
thp.  pamping  <•(  the  water.  The  prodicl 
in  starch  anionnled  to  from  17  lo  ISpfr 
cent,  of  the  poUtoej.  The  qoiefer  tk 
process  of  potato-starch  making,  ibeM- 
tcr  is  its  quality. 
Starthfnym  certain /oreign  planli.—  }.  From  the  pith  of  the  logo  palm.     See  Sago. 

2.  From  the  roots  of  the  Maranta  arundinncea,  of  Jamaica,  the  BahamBs,  and  oilier 
West  India  islands,  Ihe  powder  called  arrow-root  is  obtained,  by  a  process  analogans  to 
thai  for  making  potato  starch. 

3.  From  the  root  of  the  Manioc,  which  also  Rrows  in  the  West  Indies,  as  well  ssit 
Africa,  the  cattma  is  procured  by  a  Bimilar  process.  The  juice  of  ibis  plant  is  pois«. 
0U5,  from  which  the  wholesome  starch  is  deposited.  When  dried  with  Etirrini  upm  but 
iron  platen,  it  as:qlDmerales  into  ^mall  lumps,  called  tapioca  ;  being  n  Quminy  fccula. 

ThecharacteVsofthedilTerent  varieties  ofslarehcBn  be  learned  only  from  microempic 
observation  ;  by  which  mpans  also  their  sophistication  or  odmiilure  may  be  rndilj  •>- 
certained. 

Starch,  from  whatever  souree  obtained,  is  a  while  soA  powder,  which  feels  crispy,  likt 
flowerji  of  sulphur,  when  pressed  between  the  flneers;  it  is  det(ilu(e  of  (asle  and  sdwU, 
nnehanecablc  in  the  atmosphere,  and  has  a  specific  Cravity  of  l'o3,  I  hare  already  it- 
Fcribcd  llic  parliclps  ns  spheroids  enclosed  in  n  meiiibrnno.  The  polnto  contains  sone 
of  (he  largest,  and  the  millel  the  smallest.  Potato  starch  consists  of  Irnncalcd  ornJ), 
taryia^in  size  from  -■■,  to  ^^grrr  *>''<">  inchi  arnin'-rijot,  of  ovoids  varjing  in  site  (rem 
fJlF  to  jn^B°ran  inch  I  fluH-cr  starch,  of  insulated  clobules  almol  .^  '.  of  an  inch; 
cassava,  of  simular  clobules  assembled  in  croups.  I'hese  measnremrnls  T  have  oalt 
with  a  eood  nehromatie  microscope,  and  a  divided  irla^s-slip  miccflmeler  of  Tully. 

For  the  saccharine  changes  which  starch  undcreoes  hy  the  action  ofJiailaii,  see  Fu- 

KENTAnoii. 

Lichcitiiic,  a  species  of  starch  obtained  from  Iceland  moss,  (Cflraria  islutidica,)  as"*" 
at  iiiuliHt.  frnm  elecampane,  (Inula  Htltidani,)  are  rather  objcels  oT  chemical  curiiBiI!< 
than  of  manufacTures. 

There  is  a  hind  of  slorch  made  in  order  to  be  converted  intn  cum  for  the  calico-prinBt. 
This  conversion  having  been  first  made  upon  the  preat  scale  In  this  countrj",  hisoc* 
gioned  the  product  to  be  calleil  British  ^m.  The  followini;  is  the  process  pursued  ii  ■ 
large  and  well  conducted  establishment  near  Manchester.  A  ranee  of  four  wooden  ca- 
terns,  each  about  7  or  R  feet  square,  and  4  feet  deep,  is  provided.  Into  each  oflhemaXW 
gallons  of  water  being  introiluced,  I2t  loads  uf  flour  are  stirred  in.  This  mixture  a  Ml 
to  ferment  upon  old  leaven  left  at  the  bottom  of  the  backs,  during  2  or  3  dayr.  Tbt 
conlenu  ore  then  stirred  up,  and  pumped  off  inlo  3  stone  cisterns,  7  feet  square  ai  ■> 
feel  deep;  as  much  water  being  added,  with  UKilalion,  as  will  fill  tbecislenulo  the  brio. 
In  the  course  of  24  hours  the  starch  forms  a  firm  deposite  at  the  bottom  j  and  the  nfr 
jg  then  syphoned  ofl".  The  gluten  is  next  scraped  from  the  surface,  and  the  starch  i» 
transferred  into  wooden  boxes  pierced  with  holes,  which  may  he  lined  with  coane  doth, 
or  not,  Bt  the  plrnsare  of  the  operator. 

The  starch,  cut  inlo  cubical  masses,  is  put  into  iron  trays,  and  set  to  dry  in  a  lu|e 
apartment,  two  stories  high,  heated  by  a  horizontal  cylinder  of  cast  iron  liaveroed  by  the 
fliune  of  a  furnace.  The  drying  occupies  two  days.  It  is  now  ready  for  con>efU*i 
into  gam,  for  which  purpose  it  is  put  into  oblong  trays  of  sheet  iron,  and  heated  to  lh> 
temperature  of  300°  F.  in  a  caal-inui  oven,  which  hohit  Ibor  of  tbeae  trajt.  Hen  it 
coaciTte*  into  iiresular  fcmi-tnniparent  yellow-browD  lumps,  which  an  gratnd  iM 
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Sdc  flour  between  miU-itones,  and  in  this  Btaie  bniughl  to  the  market  In  tbi«  routed 
■taich,  (he  vesicles  being  burst,  their  contents  become  soluble  in  cold  water.  British  fnun 
it  not  eonverlible  into  su^ar,  as  starch  is,  by  the  aelion  of  dilute  sulphuric  acid;  nor  into 
mneic  acid,  by  nitric  acid ;  but  into  the  oxalic ;  and  it  is  tin^wd  paiple-red  bj  iodine.  It 
i>  com  peso!,  iu  100  pails,  of  35-7  carbon,  6*2  hydrogea.and  ^-1  oxygen;  while  starch  is 
composed  of,  43'5  carbon,  6-8  hydrogen,  and  49-7  ox;^en. 

To  prove  whelherstarch  be  quite  free  from  gluten,  or  whether  it  be  mixed  with  any 

wheat  flour,  dif- 
fuse I!  grains  of 
it  throu);h  six 
onocel  of  water, 
beat  the  mixtuie 

with  a  glass  slip. 
If  the  starch  be 
pare,  no  froth 
will  be  seen  upon 
the  surface  of  the 
pasty  flnid  j  or  if 
any  be  produced 
durine  the  stir- 
rinf,  it  will  im- 
mediately snbside 
after  il ;  bat  iJ 
the  sirailesl  por- 
Uon  uf  gluten  be 
present,  mnch 
froth  will  be  per- 
ms nentlf  tonnrd, 
which  may  be 
raised  by  stirring 
into  the  appear- 
ance of  soap-suds. 
STARCHING 

AKD  8TEAJl.r«T- 
ING     AppABATUS. 

The  system  of 
hollow  cylinders, 
for  drying  goods 


of  bleaching  c 
calico-printing,  it 
represented  in 
fig.  1049,  in  a 
longitodinal  sec- 
tion, and  in  fig. 
1050,  in  a  top 
TJew  j  but  the 
cylinders  are  sap- 
posed  to  be  brtk 
ken  off  in  the 
middle,  as  it  nu 
needless  to  repeat 
the  parts  at  the 
other  end,  which 
are  sufficiently 
shown  in  the  see- 

A  is  the  box 
containing  the 
paste,  when  the 
goods  are  to  ha 
starched  or  stif- 
fened;  a,  a  windl. 
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chine  by  hand,  though  it  is  always  moTed  by  power  in  considerable  fmetories ;  i,  is  tke 
driving  pinion ;  d,  d\  two  brass  rollers  with  iron  sbaAs,  the  undermost  of  which  is  mofei 
by  the  wheel  c,  in  gear  with  the  pinion  b.  The  appermost  roller  d'y  is  tamed  by  the  tn^ 
tion  with  the  former,  (/,  beins;  pressed  upon  it  by  the  weightrd  lever  h;  eis  the  trough  fi- 
led with  the  paste,  which  rests  upon  the  bars  /,  and  may  be  placed  higher  or  lower  lif 
means  of  the  adjusting  screws  g,  according  as  the  roller  d  is  to  be  plunged  more  or  k« 
deeply.    A  brass  roller  t  serves  to  force  down  the  cloth  into  the  past^. 

B,  is  the  drying  part  of  the  machine;  fc,  k,  its  iron  framing;  I,  2,  Itc,  ^Yt  dmrnSySr 
hollow  copper  cylinders,  heated  with  steam ;  m,  m,  m,  &c.,  small  copper  dmins,  ii 
pairs,  turning  freely  on  shafls  under  the  former,  for  stretching  the  goods,  and  airing  than, 
during  their  passage  through  the  machine ;  «,  ti,  is  the  main  steam-pipe,  from  wfciek 
branch  off  small  copper  tubes,  o,  o,  &.C.,  which  conduct  the  steam  through  stuffing-bom 
into  the  cavity  of  the  dr>'ing-drums.  There  are  similar  tubes  upon  the  other  ends  of  the 
drums,  for  discharging  the  condensed  water  through  similar  stuffing-boxes ;  9, 9,  sie 
Talves,  opening  internally,  for  admitting  the  air  whenever  the  steam  is  taken  o^  or  beconei 
feeble,  to  prevent  the  drums  from  being  crushed  by  the  unbalanced  pressure  cj*tbe  atmoi- 
phere  upon  their  external  surfaces. 

c,  is  the  cloth-beam,  from  which  the  starching  roller  draws  forward  the  goods  ^  d,  ire 
two  rollers,  of  which  the  lower  is  provided  with  a  band-pulley  or  rigger,  driven  by  t 
similar  pulley  fixed  upon  the  shaft  of  the  starching  roller  d.  These  two  rollers  psll 
the  goods  through  the  drying  machine,  and  then  let  them  fall  either  upon  a  taUe  or  the 
floor. 

STEAM,  is  the  vapor  of  hot  water ;  the  discussion  of  which  belongs  to  chemistry, 
physics,  and  engineering.  Certain  practical  applications  of  the  subjeet  will  be  foondii 
the  article  F.vaporation, 

STEARIC  ACID,  improperly  called  Stearins  (Talg»aure,  Genn.>>  is  the  scdid 
stituent  of  fatty  substances,  as  of  tallow  and  olive  oil,  converted  into  a  crystalline  1 
by  saponification  with  alkaline  matter,  and  abstraction  of  the  alkali  by  an  acid.  By 
process,  fats  are  convertible  into  three  acids,  called  Stearic,  Margaric,  and  Oleic;  the 
first  two  being  solid,  and  the  last  liquid.  The  stearine,  of  which  factitious  vox  eaadki 
are  made,  consists  of  the  stearic  and  margaric  acids  combined.  These  can  be  sqmratfld 
from  each  other  only  by  the  agency  of  alcohol,  which  holds  the  margaric  acid  is 
solution  after  it  has  deposited  the  stearic  in  cr}*stals.  Pure  stearic  acid  is  prepared, 
according  to  its  discoverer,  Chevreul,  in  the  following  way : — Make  a  soap,  by  boihig 
a  solution  of  potash  and  mutton-suet  in  the  proper  equivalent  proportions  (see  Soaf)  ; 
dissolve  one  part  of  that  soap  in  6  parts  of  hot  water,  then  add  to  the  solntioa  40 
or  50  parts  of  cold  water,  and  set  the  whole  into  a  place  whose  temperature  is  aboit 
52°  Fahrenheit.  A  substance  falls  to  the  bottom,  possessed  of  pearly  lustre,  coosistiag 
of  the  bi-stearate  and  bi-margarate  of  potash;  which  is  to  be  drained  and  washed  upoa 
a  filter.  The  filtered  liquor  is  to  be  evaporated,  and  mixed  with  the  small  quantity  of 
acid  necessary  to  saturate  the  alkali  leA  free  by  the  precipitation  of  the  above  bi-salts. 
On  adding  water  to  it  afterwards,  the  liquor  affords  a  fresh  quantity  of  bi-slearate  aai 
bi-margarate.  By  repeating  this  operation  with  precaution,  we  finally  arrive  at  a  poiat 
when  the  solution  contains  no  more  of  these  solid  acids,  but  only  the  oleic.  The  pre- 
cipitated bi-salls  are  to  be  washed  ond  dissolved  in  hot  alcohol,  of  specific  gravity  0*820, 
of  which  they  require  about  24  times  their  weight.  During  the  cooling  of  the  solntioB, 
the  bi-stearate  falls  down,  while  the  greater  part  of  the  bi-margarate,  and  the  remainder  • 
of  the  oleate,  remain  dissolved.  By  once  more  dissolving  in  alcohol,  and  crystallizing, 
the  bi-stearate  will  be  obtained  alone ;  ns  may  be  proved  by  decomposing  a  little  flf  ii 
in  water  at  a  boiling  heat,  with  muriatic  ncid,  letting  it  cool,  washing  the  stearic  add 
obtained,  and  exposing  it  to  heat,  when,  if  pure,  it  will  not  fuse  in  water  under  the  I58lh 
degree  of  Fahrenheit's  scale.  If  it  melts  at  a  lower  heat,  it  contains  more  or  less  mar- 
garic acid.  The  purified  bi-stearate  being  decomposed  by  boiline  in  water  along  with  asy 
acid,  as  the  muriatic,  the  disengaged  stearic  acid  is  to  be  washed  by  melting  in  water,  thci 
cooled  and  dried. 

Stearic  acid,  prepared  by  the  above  process,  contains  combined  water,  from  which  it 
cannot  be  freed.  It  is  insipid  and  inodorous.  AAer  being  melted  by  heat,  it  soUdifiei 
at  the  temperature  of  158^  Fahrenheit,  and  afifects  the  form  of  white  brilliant  needki 
grouped  together.  It  is  insoluble  in  water,  but  dissolves  in  all  proportions  in  boiliBg 
anhydrous  alcohol,  and  on  cooling  to  122^,  crystallizes  therefrom,  in  pearly  plstei; 
but  if  the  concentrated  solution  be  quickly  cooled  to  112*^,  it  forms  a  crystalline  msfli. 
A  dilute  solution  affords  the  acid  crystallized  in  large  white  brilliant  scales.  It  di»- 
■olves  in  its  own  weight  of  boiling  ether  of  0*727,  and  crystallizes  on  cooling  in  besn- 
tiful  scales,  of  changing  colors.  It  distils  over  in  vacuo  without  alteration ;  but  if  the 
retort  contains  a  little  atmospheric  air,  a  small  portion  of  the  acid  is  decomposed  durins 
the  distillation;  while  the  greater  part  passes  over  unchanged,  but  slightly  tingw 
brown,  and  mixed  with  traces  of  empyreumatic  oil.     When  heated  in  the  open  air,  and 
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kindled,  stearic  acid  barns  like  wax.  It  contains  3*4  per  cent,  of  water,  from  which 
it  may  be  freed  by  combining  it  with  oxyde  of  lead.  When  this  anhydrous  acid  is  sub- 
jected to  ultimate  analysis,  it  is  found  to  consist  of — 80  of  carbon,  12*5  hydrogen, 
and  7*5  oxygen,  in  100  parts.  Stearic  acid  displaces,  at  a  boiling  heat  in  water, 
carbonic  acid  from  its  combinations  with  the  bases ;  but  in  operating  upon  an  alka- 
line carbonate,  a  portion  of  the  stearic  acid  is  dissolved  in  the  liquor  before  the 
carbonic  acid  is  expelled.  This  decomposition  is  founded  upon  the  principle,  that 
the  stearic  acid  transforms  the  salt  into  a  bicarbonate,  which  is  decomposed  by  the 
ebuUition. 

Stearic  acid  put  into  a  strong  watery  infusion  of  litmus,  has  no  action  upon  it*in  the 
cold  ;  but  when  hot,  the  acid  combines  with  the  alkali  of  the  litmus,  and  changes  its 
blue  color  to  red ;  so  that  it  has  sufficient  energy  to  abstract  from  the  concentrated 
tincture  all  the  alkali  required  for  its  neutralization.  If  we  dissolve  bi-stearate  of  potash 
in  weak  alcohol,  and  pour  litmus  water,  drop  by  drop,  into  the  solution,  this  will  become 
red,  because  the  litmus  will  give  up  its  alkali  to  a  portion  of  the  bi-stearate,  and  will  con- 
vert it  into  neutral  stearate.  If  we  now  add  cold  water,  the  reddened  mixture  will  re- 
sume its  blue  tint,  and  will  deposite  bi-stearate  of  potash  in  small  spangles.  In  order 
that  the  alcoholic  solution  of  the  bi-stearate  may  redden  the  litmus,  the  alcohol  should 
not  be  very  strong. 

From  the  composition  of  stearate  of  potash,  the  atomic  weight  of  the  acid  appears  to  be 
106*6 ;  hydrogen  being  1 ;  for  18 :  48  X  2  ::  100  :  533*3  =  5  atoms  of  acid. 

From  the  stearate  of  soda,  it  appears  to  be  104 ;  and  from  that  of  lime,  102.  The 
stearate  of  lead,  by  Chevreul,  gives  109  for  the  atomic  weight  of  the  acid. 

The  margaric  and  oleic  acids  seem  to  have  the  same  neutralizing  power,  and  the  same 
atomic  weight. 

The  preceding  numbers  will  serve  to  regulate  the  manufacture  of  stearic  add  for  the 
purpose  of  making  candles.  Potash  and  soda  were  first  prescribed  for  saponifying  fat,  as 
may  be  seen  in  M.  Gay  Lussac's  patent,  under  the  article  Candle  ;  and  were  it  not  for 
the  cost  of  these  articles,  they  are  undoubtedly  preferable  to  all  others  in  a  chemical  point 
of  view.  Of  late  years  lime  has  been  had  recourse  to,  with  perfect  success,  and  has  be- 
come subservient  to  a  great  improvement  in  candle-making.  The  stearine  block  naw 
made  by  many  London  houses,  though  containing  not  more  than  2  or  3  per  cent,  of  wax, 
is  hardly  to  be  distinguished  from  the  purified  produce  of  the  beel  Tlfe  first  process  is 
to  boil  the  fat  with  quicklime  and  water  in  a  large  tub,  by  means  of  perforated  steam 
pipes  distributed  over  its  bottom.  From  the  above  statements  we  see  that  about  11  parts 
of  dry  lime  are  fully  equivalent  to  100  of  stearine  and  oleine  mixed  :  but  as  the  lime  is  in 
the  state  of  hydrate,  14  parts  of  it  will  be  required  when  it  is  perfectly  pure ;  in  the  ordi- 
nary state,  however,  as  made  from  average  good  limestone,  16  parts  may  be  allowed. 
AAer  a  vigorous  ebullition  of  3  or  4  hours,  the  combination  is  pretty  complete.  The 
stearate  being  allowed  to  cool  to  such^i  decree  as  to  allow  of  its  being  handled,  becomes 
a  concrete  mass,  which  must  be  dug  out  with  a  spade,  and  transferred  into  a  contiguous 
tub,  in  order  to  be  decomposed  with  the  equivalent  quantity  of  sulphuric  acid  diluted 
with  water,  and  also  heated  with  steam.  Four  parts  of  concentrated  acid  will  be  suffi- 
cient to  neutralize  three  parts  of  slaked  lime.  The  saponified  fat  now  liberated  ftx>m  the 
lime,  which  is  thrown  down  to  the  bottom  of  the  tub  in  the  state  of  sulphate,  is  skimmed 
off  the  surface  of  the  watery  menstruum  into  a  third  contiguous  tub,  where  it  is  washed 
with  water  and  steam. 

The  washed  mixture  of  stearic,  margaric,  and  oleic  acids,  is  next  cooled  in  tin  pans ; 
then  shaved  by  large  knives,  fixed  on  the  face  of  a  fly-wheel,  called  a  tallow  cutter,  pre- 
paratory to  its  being  subjected  in  canvass  or  caya  bags  to  the  action  of  a  powerful  hydrau- 
lic press.  Here  a  large  portion  of  the  oleic  acid  is  expelled,  carrying  with  it  a  little  of 
the  margaric.  The  pressed  cakes  are  now  subjected  to  the  action  of  water  and  steam 
once  more,  after  which  the  supernatant  stearic  acid  is  run  ofi*,  and  cooled  in  moulds*  The 
cakes  are  then  ground  by  a  rotatory  rasping-machine  to  a  sort  of  mealy  powder,  which  is 
put  into  canvass  bags,  and  subjected  to  the  joint  action  of  steam  and  pressure  in  a-  hori- 
zontal hydraulic  press  of  a  peculiar  construction,  somewhat  similar  to  that  which  has 
been  long  used  in  London  for  pressing  spermaceti.  The  cakes  of  stearic  acid  thus  freed 
completely  from  the  margaric  and  oleic  acids,  are  subjected  to  a  final  cleansing  in  a  tub 
with  steam,  and  then  melted  into  hemispherical  masses  called  blocks.  When  these  blocks 
are  broken,  they  display  a  highly  crystalline  texture,  ndiich  would  render  them  unfit  for 
making  candles.  This  texture  is  therefore  broken  down  or  comminuted  by  fusing  the 
stearine  in  a  plated  copper  pan,  along  with  one  thousandth  part  of  pulverized  arsenious 
acid,  aAer  which  it  is  ready  to  be  cast  into  candles  in  appropriate  moulds.    See  Caftdlk. 

STEARINE  COLD  PRESS.  The  cold  hydraulic  press,  as  mounted  by  Messrs. 
Maudslay  and  Field,  for  squeezing  out  the  oleic  acid  from  saponified,  fat,  or  the  oleine 
from  cocoa-nut  lard,  is  represented  in  plan  in  fig,  1051 ;  in  side  view  ori>ump  mftg>  1052; 
and  in  elevation,  yig.  1053 ;  where  the  same  letters  refer  to  like  objects. 
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OB  llic  end  or  Ihe  Ion;  icrev  c ;  an  CDdlras  cord  puws  twiee  nnnd  tlui  pallcT. 
Aei  >  palley  Hied  ia  the  weight  A ,-  b]'  laying  hold  of  bulh  sidet  of  Ihit  eotd,  and 
;  or  lowering  il,  the  forked  guide  v,  uid  Ibe  leather  strap  r,  are  moved  bdckwardB 
rarde,  bj  means  of  the  nut  liied  in  the  guide,  so  as  lo  accelerate  ot  relard  al  plea- 
he  speed  of  the  working  of  Ihe  pnmpt ;  r,  is  a  piece  of  iroa,  with  a  long  slit,  IB 
H  pin,  allached  lo  Ihe  Ibric  v,  Iravelr,  lo  keep  it  in  the  vertical  posilion. 
lATtTE  (Soa^ifon) ;  Craitite  Brianfoa,  Ft.;  Speckiltia,  Gena.j,  is  n  mincnl  oT 
■gnesian  famil]'.  Il  bai  a  grayiib-while  or  greeniik-white  color,  otleo  markad 
endrilic  delinealions,  «nd  occnia  massire,  as  also  in  rarions  lapposiiilioiu  crjat^ 
irmsj  it  bas  a  dull  or  lall;  loslrcj  a  coane  BpUntery  rreelnre,  witb  translueenl 

a  xbining  Mieak ;  it  writes  feeblyj  is  soA,  and  easily  cat  with  a  knife ;  but  (OIM- 
oDgb;  does  nol  odberc  lo  Itae  tongue;  feck  very  greasy;  infusible  before  Ibe  bktw- 
ipecifie  gravity  from  3'6  to  2  8.  It  consists  oT — silica,  44;  magueuB,  44 ;  alamiiu, 
1,  T'3  ;  oiBnjnnese,  I'S;  ehronie,3i  with  a  trace  of  lime.  It  i*  fDnnd  frequeDtlf 
11  con  tent  [Kiraneuus  reins  that  travefse  serpentine  in  all  directions,  as  at  PorUoy, 
lland,  in  the  limestone  of  Icoliukiln,  in  Ibe  serpentine  of  Cornwall,  in  Anglesey,  in 
',  BaiariB,  (at  Bayrutb,)  Hungnn',  Ilc.  Il  is  used  in  the  mnnufaclure  of  poree- 
il  makes  Ihe  bniscujl  semi-iransparenl,  bul  rntber  brittle,  and  apt  to  crack  with 
shangesof  heat.  Il  is  employed  for  polishing  serpentine,  marble,  gypseons  alnbas- 
d  mirror  glssEj  as  Ibe  basis  of  cosmetic  powders)  ai  an  ingredient  in  anli-attrilioa 
;  it  is  dusted  in  powder  apon  the  inside  of  boots,  to  make  Uie  feel  glide  easily  inlo 

when  rubbed  upon  grease-spoti  iu  silk  and  woollen  clothes,  it  renioves  the  slains 
lorplion  1  it  enters  into  the  composition  of  certain  crayons,  and  is  nsed  itself  fbr 
;  traces  upon  glan,  silk,  fcc  The  spotted  steatite,  cot  into  eameos  and  calcined, 
s  an  onyx  aspect.  Son  steatite  forms  excellcnl  stoppers  fur  Ihe  chemical  appua- 
^d  in  distilling  or  subliming  corrosive  va|)ors.  Lamellar  slestile  is  Talc. 
£L  (.if ricr,  Fr. ;  SiaJU,  Germ.),  as  a  carbnrel  of  iron,  hasalreody  been  considered 
that  metal.  I  shall  treat  in  this  article  more  particolarly  of  its  maaufacture  and 
aU  relations. 

Ittt  of  cemeitlalii/it,  bar  or  bliiltrtd  iltil. — With  Ibe  eiception  of  Ihe  Ulverilone 
■1  iron,  no  bars  are  mnnnfaclured  in  Great  Britain  capable  of  conremioD  into  sled 
ipproaching  in  quality  lo  that  made  from  the  Madras,  Swedish,  and  Russian  ironi, 
ely  imported  for  that  purpose.  The  first  rnnli  is  assigned  lo  the  Swedish  iron 
il  with  a  circle  enclosing  the  letter  l  (hence  cnlled  hoop  i)  ;  which  fMches  Ihe  high 
(  361.  II]i.  per  tun,  while  excellent  English  colte-iroD  may  be  bad  fur  one  fil\h  of 
Be.  The  other  Swedish  irons  are  sokl  at  a  much  lower  rale,  though  said  lo  be 
lelured  in  the  same  way;  and  therefore  the  superiority  of  the  Dannetnora  ironmoH 
ing  to  same  peculiaril)r  in  Ihe  ore  from  which  it  is  smelted.  The  steel  recently 
in  the  Indian  Bteel-wotks  at  Chelsea,  from  Mr.  Heath's  Madras  iron,  rivals  Ihal 

ShefBeld  furnace  (br  muking  bar  or  blistered  ileel,  called  the  furnace  of  cementa- 
I  represented  in  fig.  I(J54,  in  a  cross  teetion,  and  in  fig.  105S,  in  a  grennd  plan. 
'I'hr   hearth   of  this  oblong 
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I  !i\  e\i  lit  Ihe  furnace.    In  one  of  its  shorter  sides  (ends), 

K' are  orifices/./,  through  which  Ihe  h>ng  bare  of  iron 

,  is  the  door  by  whidi  the  sleel-maker  enter*,  in  flllins 

.1   iiroof  hole,  at  which  vmall  (lampleB  of  the  ileel,  in  Iha 

dmwn  QUI.     The  furnace  is  bnilt  under  a  conical  hood  or 

y  leet  high,  lor  aiding  the  draught,  and  carrying  olf  tb« 


'  chests  are  built  of  fire-stone  grit.  They  ate  8, 
1  36  inches  in  width  and  depth ;  the  lower  am 
ill  the  quality  of  tlie  steel  be.    A  great  breadth  i 


U,  or  eten  15  feel  long,  and 
id  height  of  trough  are  m- 


1178  STEEL. 

compatible  with  equability  of  the  cementiDg  temperature.  The  ndet  are  a  few  iacki 
thick.  The  space  between  them  is  at  least  a  foot  wide.  They  should  nerer  m/L  A- 
rectly  upon  the  sole  of  the  furnace,  but  must  have  their  bottom  freely  played  apa 
by  the  flame,  as  well  as  the  sides  and  top.  The  degree  of  heat  is  regulated  by  ofm- 
ings  in  the  arch,  or  upon  the  long  sides  of  the  furnace,  which  lead  to  the  chiouiey;  ■ 
also  by  the  greater  or  less  quantity  of  air  admitted  below  the  grate,  as  in  giass-hooael* 
naces. 

The  cement  consists  of  ground  charcoal  (sometimes  of  soot),  mixed  with  one  teatk  cf 
ashes,  and  some  common  salt;  the  charcoal  of  hard  wood  being  preferred.  Grooiidcik 
is  inadmissible,  on  account  of  the  sulphur,  silica,  and  clay,  which  it  generally  coaHam. 
Possibly  the  salt  serves  to  vitrify  the  particles  of  silica  in  the  charcoal,  and  thai  to  p^ 
vent  their  entering  into  combination  with  the  steel.  As  for  the  ashes,  it  is  dilfieall  li 
discover  their  use.  The  best  steel  may  be  made  without  their  presenee.  The  bottoaif 
the  trough  being  covered  with  two  inches  of  the  powder  of  eementation,  the  bars  are  hM 
along  in  it,  uix)n  their  narrow  ed?e,  the  side  bar  being  one  inch  from  the  trough,  aai  tte 
rest  being  from  one  half  to  three  fourths  of  an  inch  apart.  Above  this  first  layer  of  km 
bars,  fully  half  an  inch  depth  of  the  iK)wder  is  spread,  then  a  new  series  of  ban  is  HfHF 
fied,  and  tK)  on  till  the  trough  is  filled  within  six  inches  of  the  top.  This  spaee  is  paitidtf 
filled  with  old  cement  powder,  and  is  covered  with  refractory  damp  sand.  Someliaa 
the  trough  is  filled  to  the  surface  with  the  old  cement,  and  then  closely  covered  with  fR^ 
tiles.  The  bars  should  never  be  allowed  to  touch  each  other,  or  the  trough.  The  in 
must  be  carefully  urged  from  two  to  four  days,  till  it  acquires  the  temperataic  if 
100°  Wedgewood ;  which  must  be  steadily  maintained  during  the  four,  six,  eight,* 
ten  days  requisite  for  the  cementation ;  a  period  dependant  on  the  sixe  of  the  foraMB^ 
and  which  is  determined  by  the  examination  of  the  proof  pieces,  taken  out  from  tine  M 
time. 

In  the  front  or  remote  end  of  the  furnace, /g.  1054,  a  door  is  leil  in  the  outer  boildag^ 
corresponding  to  a  similar  one  in  the  end  of  the  interior  vault,  through  which  the  waA> 
man  enters  for  charging  the  furnace  with  charcoal  and  iron  bars,  as  also  for  takisg  otf 
the  steel  after  the  conversion.  Small  openings  are  likewise  made  in  the  eods<^tk 
chests,  through  which  the  extremities  of  a  few  bars  are  leA  projecting,  so  that  they: 
be  pulled  out  and  examined,  tltrough  small  doors  opposite  to  them  in  the  exterior 
These  tap  holes,  as  they  are  called,  should  be  placed  near  the  centre  of  the  end 
the  chests,  that  the  bars  may  indicate  the  average  state  of  the  process.  The  joiab 
the  fire-stones  are  secured  with  a  finely  ground  Stourbridge  clay. 

The  inter\'al  between  the  two  chests  (in  furnaces  crniaining  two,  for  many  hsTeeilf 
one)  being  covered  with  an  iron  platform,  the  workman  stands  on  it,  and  sifls  a  kyerdf 
charcoal  on  the  bottom  of  the  chests  evenly,  about  half  an  inch  thick;  he  then  lays  tiov 
of  bars,  cut  to  the  proper  length,  over  the  charcoal,  about  an  inch  from  each  other;  k 
next  sihs  on  a  second  stratum  of  charcoal-dust,  which,  as  it  must  serve  for  the  baisaboM^ 
as  well  as  below,  is  made  an  inch  thick;  thus,  he  continues  to  stratify,  tiU  the  chest  \t 
filled  within  two  inches  of  the  top ;  and  he  covers  the  whole  with  the  earthy  detritvsfoni 
at  the  bottom  of  grindstone  troughs,  or  nny  convenient  fire-loam.  It  is  obvious  that  tk 
second  series  of  bars  should  corresi>ond  vertically  with  the  interstices  between  the  inl 
series,  and  so  in  succession.  The  trial-rods  are  leA  longer  than  the  others,  aad  tb^ 
projecting  ends  are  incrusted  with  fire-clay,  or  imbedded  in  sand.  The  iron  platfica 
being  removed,  and  all  the  openings  into  the  vault  closed,  the  fire  is  lighted,  and  foy 
gradually  increased,  to  avoid  ever}'  risk  of  cracking  the  grit-stone  by  too  sudden  a 
of  temperature ;  and  the  ignition  being  finally  raised  to  about  100^  Wedgewood,  hat  i 
higher,  for  fear  of  melting  the  metal,  must  be  maintained  at  a  uniform  pitch,  till  the  n 
have  absorbed  the  desired  quantity  of  carbon,  and  have  been  converted  as  highly  as  te 
manufacturer  intends  for  his  peculiar  object.  From  six  to  eight  days  may  be  reckooedt 
sufiicient  period  for  the  production  of  steel  of  moderate  hardness,  and  fit  for  tilting  w^ 
shear  steel.  A  softer  steel,  for  saws  and  springs,  takes  a  shorter  period  ;  and  a  baidar 
steel,  for  fabricating  chisels  used  in  cutting  iron,  will  need  longer  exposure  to  the  igailfll 
charcoal.  But,  for  a  few  purposes,  such  as  the  bits  for  boring  cast  iron,  the  bars  are 
exposed  to  two  or  three  successive  processes  of  cementation,  and  are  hence  said  to  te 
twice  or  thiice  converted  into  steels.  The  higher  the  heat  of  the  furnace,  the  quicker  ii 
the  process  of  conversion. 

The  furnace  being  suffered  to  cool,  the  workman  enters  it  again,  and  hands  out  the  ited 
bars,  which  being  covered  with  blisters,  from  the  formation  and  bursting  of  vesicles  oi 
the  surface  filled  with  gaseous  carbon,  is  called  blistered  steel.  This  steel  is  very  iiregi- 
lar  in  its  interior  texture,  has  a  white  color,  like  frosted  silver,  and  displays  crystaDist 
angles  and  facettes,  which  are  larger  the  further  the  cementation  has  been  urged,  or  the 
greater  the  dose  of  carbon.  The  central  particles  are  always  smaller  than  those  oev 
the  surface  of  the  bar. 
In  such  a  furnace  as  the  above,  twelve  tons  of  bar  iron  may  be  converted  at  a  ckvfe. 


STEEL.  1179 

Bat  other  furnaces  are  constructed  with  one  chest,  which  receives  six  or  eight  tons  at  a 
time  $  the  small  famaces,  however,  consume  more  fuel  in  proportion  than  the  larger. 

The  absorption  and  action  of  the  carbonaceous  matter,  to  the  amount  of  about  a  half 
per  cent.,  occasions  fissures  and  cavities  in  the  substance  of  the  blistered  bars,  which 
render  the  steel  unfit  for  any  useful  purpose  in  tool-making,  till  it  be  condensed  and  ren- 
dered uniform  by  the  operation  of  iiltingf  under  a  powerful  hammer  driven  by  machinery. 
fiee  laoN.* 

The  heads  of  the  tilt-hammers  for  steel  weigh  from  one  and  a  half  to  two  hundred 
pounds.  Those  in  the  neighborhood  of  Sheffield  are  much  simpler  than  the  one  referred 
to  in  the  note.  They  are  worked  by  a  small  water-wheel,  on  whose  axis  is  another 
wheel,  bearing  a  great  number  of  cams  or  wipers  on  its  circumference,  which  strike  the 
teO  of  the  hammer  in  rapid  succession,  raise  its  head,  and  then  let  it  fall  smartly  on  the 
lM>t  metal  rod,  dexterously  presented  on  its  several  parts  to  the  anvil  beneath  it,  by  the 
woikman.  The  machinery  is  adapted  to  produce  from  300  to  400  blows  per  minute ; 
wliich  on  this  plan  requires  an  undue  and  wasteful  velocity  of  the  float-boards.  Were 
mn  intermediate  toothed  wheel  substituted  between  the  water-wheel  and  the  wiper- 
wheel,  so  that  while  the  former  made  one  turn,  the  latter  might  make  three,  a  much 
ttnaller  force  of  water  would  do  the  work.  The  anvils  of  the  tilt-hammer  are  placed 
nearly  on  a  level  with  the  floor  of  the  mill-house ;  and  the  workman  sits  in  a  fosse,  dug 
on  purpose,  in  a  direction  perpendicular  to  the  line  of  the  helve,  on  a  board  suspended 
from  the  roof  of  the  building  by  a  couple  of  iron  rods.  On  this  swinging  seat,  he  can 
advance  or  retire  with  the  least  impulse  of  his  feet,  pushing  forward  the  steel  bar,  or 
drawing  it  back  with  equal  rapidity  and  convenience. 

At  a  small  distance  from  each  tilt,  stands  the  forge-hearth,  for  heating  the  steel.  The 
bellows  for  blowing  the  fire  are  placed  above-head,  and  are  worked  by  a  small  crank 
fixed  on  the  end  of  the  axis  of  the  wheel,  the  air  being  conveyed  by  a  copper  pipe  down 
to  the  nozzle.  Each  workman  at  the  tilt  has  two  boys  in  attendance,  to  serve  him  with 
lK>t  rods,  and  to  take  them  away  aAer  they  are  hammered.  In  small  rods,  the  bright 
ignition  originally  given  at  the  forge  soon  declines  to  darkness ;  but  the  rapid  impulsions 
of  the  tilt  revive  the  redness  again  in  all  the  points  near  the  hammer ;  so  that  the  rod, 
■Idlfully  handled  by  the  workman,  progressively  ignites  where  it  advances  to  the  strokes. 
Persona]  inspection  alone  can  communicate  an  adequate  idea  of  the  precision  and  cele- 
rity with  which  a  rude  steel  rod  is  stretched  and  fashioned  into  an  even,  smooth,  and 
sharp-edged  prism,  under  the  operation  of  the  tilt-hammer.  The  heat  may  be  clearly 
leferred  to  the  prodigious  friction  among  the  particles  of  so  cohesive  a  metal,  when  they 
'  are  made  to  slide  so  rapidly  over  each  other  in  every  direction  during  the  elongation  and 
egnaring  of  the  roi!. 

2.  Shear  steel  derives  its  name  from  the  accidental  circumstance  of  the  shears  for 
dressing  woollen  cloth  being  usually  forged  from  it.  It  is  made  by  binding  into  a  bundle, 
wth  a  slender  steel  rod,  four  parallel  bars  of  blistered  steel,  previously  broken  into 
lengths  of  about  18  inches,  including  a  fifth  of  double  length,  whose  projecting  end  may 
ferve  as  a  handle.  This  fasot,  as  it  is  called,  is  then  heated  in  the  forge-hearth  to  n 
^ood  welding-heat,  being  sprinkled  over  with  sand  to  form  a  protecting  film  of  iron  slag, 
carried  forthwith  to  the  tilt,  and  notched  down  on  both  sides  to  unite  all  the  bars  to- 
gether, and  close  up  every  internal  flaw  or  fissure.  I'he  mass  being  again  heated,  and 
the  binding  rings  knocked  otf  it,  is  drawn  cut  into  a  uniform  rod  of  the  size  required. 
Ifanufacturers  of  cutlery  are  in  the  habit  of  purchasing  the  blistered  bars  at  the  con- 
version furnaces,  and  sending  them  to  tilt-mills  to  have  them-  drawn  out  to  the  proper 
gize,  which  is  done  at  regular  prices  tb  the  trade ;  from  5  to  8  per  cent,  discount  being 
•llowed  on  the  rude  bars  for  waste  in  the  tilting.  The  metal  is  rendered  so  compact  by 
the  welding  and  hammering,  as  to  become  susceptible  of  a  much  finer  polish  than  blis- 
tered steel  can  take ;  while  the  uniformity  of  its  body,  tenacity,  and  malleability  are  at 
the  same  time  much  increased ;  by  which  properties  it  becomes  well  adapted  for  making 
table  knives  and  powerful  springs,  such  as  those  of  gun-locks.  The  steel  is  also  soAened 
down  by  this  process,  probably  fh)m  the  expulsion  of  a  portion  of  its  carbon  during  the 
wdlding  and  subsequent  heats ;  and  if  these  be  frequently  or  awkwardly  applied,  it  may 
pass  back  into  common  iron. 

3.  Cast  steel  is  made  by  melting,  in  the  best  fire-clay  crucibles,  blistered  steel,  broken 
down  into  small  pieces  of  convenient  size  for  packing ;  and  as  tome  carbon  is  always 
dissipated  in  the  fusion,  a  somewhat  highly  converted  steel  is  used  for  this  purpose. 
The  furnace  is  a  square  prismatic  cavity,  lined  with  fire-bricks,  12  inches  in  each  side, 
and  24  deep,  with  a  flue  immediately  under  the  cover,  3)  inches  by  6,  for  conducting 
the  smoke  into  an  adjoining  chimney  of  considerable  height.  In  some  establishments 
m  dozen  such  Airnaces  are  constructed  in  one  or  two  ranges,  their  tops  being  on  a  level 
with  the  floor  of  the  laboratory,  as  in  brass-foundries,  for  enabling  the  worionen  mora 

*  For  BunuM  dtttaib  of  tho  ports,  ooo  the  ozcoUont  ortiolo  Tiltirs-bammbb,  hx  JUti*!  CfftUpmiim, 
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emveaieniljr  (a  inipect,  nnd  lift  out,  the  cniTiblc*  villi  toogs.  Tbe  ash-piti  teiuflt 
in  B  >ub(erran«ou9  pauaE«,  which  supplies  the  gnte  vilh  ■  cnnrDt  of  eool  ur,  Mi 
terms  for  enipljin;  out  Ibe  tstaet.  The  crucible  sUodi,  of  eoune,  on  >  Mde-|Hcct  rf 
baked  fire^Uy ;  tnd  its  nraalta  is  cloiecl  wilh  ■  well-fitted  lid.  Saau!tiD»  a  lidi 
bollle-t^lus,  or  blaM-Turntce  slag,  it  put  into  the  cnidble,  above  tbe  steel  piecei,  t«  faa 
n  rilieous  coalintt,  that  ina]i  Ihoroughly  exdnile  tbe  air  from  oxydizing  the  metal.  Itt 
fuel  employed  in  the  casl-slerl  furtiBce  is  a  dense  coke,  brilliant  and  soDoroas,  bxia 
into  pieces  about  the  iiie  of  an  ecg>  one  i^ood  charxe  oC  which  is  infficieBL  Itt 
tonin  are  furnished  at  the  Gre  end  with  a  pair  of  coocaTC  jaws,  for  embneiag  t* 
curvature  of  the  crucible,  and  lilting  it  uul  whenever  ihc  foaion  ii  complete.  IV  U 
is  Iben  lemoved,  the  tlae  or  tcoria:  cteaj^  away,  and  the  liquid  metal  poan4  im 
easl-iron  octagonal  or  rectangular  moulds,  during  which  it  throwa  oal   briUnnl  MMJt 

Cast-steel  works  much  harder  under  the  hammer  than  shear  steel,  and  will  not,iik 
usual  stale,  bear  much  more  than  a  cberry-red  heal  without  becomrnt;  brittle;  icriM 
it  bear  Ihe  fati^e  incident  lo  Ihe  welding  operation.  It  may,  however,  be  Grmlj  wdW 
to  iron,  throQ(;h  ihe  inlervenlion  of  a  thin  film  of  vitreous  boracie  acid,  at  a  moderaltfc 
gree  of  ignition.  Cast  steel,  indeed,  made  from  a  less  carbareted  bar  steel,  would  hei* 
ceptible  of  welding  and  hammering  at  a  higher  temperatnre ;  but  it  wooU  teqain  ■ 
verr  high  heal  for  its  prejiamtion  in  Ihe  cmeible. 

Iron  may  be  very  elegantly  plated  with  cast  steel,  by  pouring  the  liquid  metal  fi« 
the  crucible  inio  a  modd  cunlaining  a  bar  of  iron  polished  on  one  face.  Inthiis. 
ComslBDee  the  adhesion  is  so  perfecl  as  to  admit  of  the  two  metals  being  rolled  otf  Is- 
fether;  and  in  this  way  the  chisels  of  planes  and  other  tools  may  be  made,  at  a  modoA 
rale  and  of  eiceltent  quality,  the  eatting-edse  being  formed  in  the  gteel  side.  SMi 
jnslrunienls  combine  the  lauihness  of  iron  with  Ihe  hardness  of  steel. 

For  correcline  the  too  high  carbonization  of  steel,  or  equalizing  the  too  hitihly  na- 
verted  eiterior  of  a  bar  with  the  soAer  steet  of  the  interior,  the  metal  reqnires  atatj 
lo  be  imbedded,  Rl  o  cemcniing  heat,  in  otyde  of  iron  or  manganese;  the  oxygen  oTwU 
■oon  abstracts  the  injurious  excess  of  carbon,  so  thai  the  outer  lajeia  may  be  evea  MB- 
verted  into  sofl  iron,  while  the  axis  conlinues  steely  ;  because  the  decarbonizing  adnan 
&r  more  rapidly  than  the  carbonizing. 

Fig.  1056  represents  the  mould  for  making  cmcibles  for  the  cast-ateel  wot^    Ml, 
n  a  solid  block  of  wood,  to  support  Ihe  Iwo-hsndled  ontside  moald  n,  n.      This  bcii( 
lOM  rammed  full  of  the  proper  clay  dough  or  composl  (see  Csro- 

Ble),  the  inner  mould  is  to  be  then  pressed  verlicaily  into  i^ 
■ill  il  reaches  the  bottom  r,  betnR  directed  and  racilitated  it  ik 
descent  by  the  point  k.  A  cord  passes  through  o,  by  «Ud 
the  inner  mould  is  suspended  over  a  pulley,  and  guided  ia  IB 
motions. 

When  a  plate  of  polished  steel  is  exposed  to  a  progiewiw 
heal,  it  lakes  the  following  colors  in  succesaios :  I,  ■  ftial 
yellowj  S,  a  pale  Blnw.eolori  3,  a  full  yellow;  4,  a  browa 
yellow;  5,  a  brown  with  purple  spots;  6,a  pnrple;  7,  a  bri^ 
blue ;  S,  a  full  bine ;  9,  a  dark  bine,  verging  on  black  ;  afts 
which  the  approach  to  ignition  supersede*  all  these  eolon.  If 
the  steel  plate  has  been  previously  hardened  by  being  dippd 
in  cold  water  or  mercury  when  red-hot,  then  those  snccesiin 
icste  or  correspond  to  successive  degrees  oT  sdleaiif 
1  suits  the  hard  temper  of  a  lancet,  which  reqnirea  the  final 
_  .  ;  No.  2  a  little  softer,  for  razors  and  surgeons'  am|M- 

taling  instruments  j  No.  3,  somewhsl  more  toughness,  for  penknives ;  No.  4,Sor  oM 
chisels  and  shears  for  cutting  iron ;  No.  5,  for  aies  and  plane-irons ;  No.  6,  for  table  knives 
and  cloth  shears ;  No.  7,  for  swords  and  vrateh-sprines  ;  No.  8,  for  small  fine  saws  aid 
daggers ;  No.  9,  lot  large  saws,  whose  leeth  need  to'be  set  wilh  pliers,  and  sharpened 
wilh  ■  file.  After  ignition,  if  Ihe  steel  be  very  slowly  coaled,  it  becomes  eiceedinfty 
toft,  and  fit  for  the  engraver's  purposes.  Hardened  steel  may  be  tempered  lo  Ihe  desired 
pilch,  by  plnogini  it  in  metallic  baths  heated  to  Ihe  ptoper  Ihermomelrie  degree,  as  fol- 
lows :  for  No.  l,430»Fahr.i  No.  2,  450°;  No.  3,470°;  No.  4,  490°;  Nd.  S,  510°;  So. 
6,  530°i  No.  7,550»;  No.  8,  B«0°;  No.  9,  600°. 

Small  steel  tools  are  most  frequently  tempered,  after  hardening,  by  Vreriog  ttai 
sarTace  with  a  thin  coal  of  tallow,  and  heating  them  in  the  flame  of  a  <^»d]c  till  As 
(allow  diffuses  a  faint  smoke,  snd  then  thrusting  Ibem  into  the  cold  tallow.  Unman  IcM 
ago  defined  iteel  to  be  any  kind  of  iron  which,  when  healed  to  redness,  and  thin  plungM 
ia  eoU  water,  becomes  harder.  But  several  kinds  of  cast  iron  are  snaeeptibR  of  anlt 
hardening.  Every  malleable  and  fleiible  iron,  however,  which  may  be  bardeneiin  lis! 
way  is  a  steel.    Moreover,  steel  may  be  distinguished  from  pure  iron  by  ita  pfUg  » 
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dariL-gray  spot  when  a  drop  of  dilute  nitric  acid  is  let  fall  on  its  surface,  while  iron 
affords  a  green  one.  Exposed  to  the  air,  steel  rusts  less  rapidly  than  iron ;  and  the 
more  highly  carbureted,  the  more  slowly  does  it  rust,  and  the  blacker  is  the  spot  left  by 
Ml  acid. 

After  hardening,  steel  seems  to  be  quite  a  different  body ;  even  its  granular  texture 
becomes  coarser  or  finer,  according  to  the  degree  of  heat  to  which  it  was  raised ;  it  grows 
•o  hard  as  to  scratch  8:lass,  and  resist  the  keenest  file,  while  it  turns  exceedingly  brittle. 
When  a  slowly  cooled  steel  rod  is  forced  and  filed,  it  becomes  capable  of  affording  agree- 
able and  harmonious  sounds  by  its  vibrations;  but  hard-tempered  steel  affords  only  dull 
deafened  tones,  like  those  emitted  by  a  cracked  instrument 

The  good  quality  of  steel  is  shown  by  its  being  homogeneous ;  being  easily  worked  at 
tiiefoi^e;  by  its  hardening  and  tempering  well;  by  its  resisting  or  overcoming  forces; 
sad  by  its  elasticity.  To  ascertain  the  first  point,  the  surface  should  be  ground  and  po- 
lished on  the  wheel ;  when  its  lustre  and  texture  will  appear.  The  second  test  requires 
m  skilful  workman  to  j?ive  it  a  heat  suitable  to  its  nature  and  state  of  conversion.  The 
size  and  color  of  the  grain  are  best  shown  by  taking  a  bar  forged  into  a  razor  form;  har- 
dening and  tempering  it;  and  then  breaking  off  the  thin  edge  in  successive  bits  with  a 
hammer  and  anvil.  If  it  had  been  fully  ignited  only  at  the  end,  then,  after  the  harden- 
ing, it  will  display,  on  fracture,  a  succession  in  the  aspect  of  its  grains  from  that  extre- 
mity to  the  other;  as  they  are  whiter  and  larger  at  the  former  than  the  latter.  The  other 
qualities  become  manifest  on  filing  the  steel;  using  it  as  a  chisel  for  cutting  iron;  or 
bending  it  under  a  heavy  weis^ht. 

Much  interest  was  excited  a  few  years  back  by  the  experiments  of  Messrs.  Stodart  and 
Faraday  on  the  alloys  of  steel  with  silver,  platinum,  rhodium,  and  iridium.  Steel  refuses 
to  take  up  in  fusion  more  than  one  five-hundredth  part  of  silver;  but  with  this  minute 
qoaatity  of  alloy,  it  is  said  to  bear  a  harder  temper,  without  losing  its  tenacity.  When 
pare  iron  is  substituted  for  steel,  the  alloys  so  formed  are  much  less  subject  to  oxydation 
in  damp  air  than  before.  With  three  per  cent,  of  iridium  and  osmium,  an  alloy  was  ob- 
tained which  had  the  property  of  tempering  like  steel,  and  of  remaining  clean  and  bright, 
in  circumstances  when  simple  iron  became  covered  with  rust.  *'  Upon  the  whole,"  says 
the  editor  of  the  Quarterly  Journal  of  Science,  giving  a  report  of  these  experiments  in  lus 
14th  volume,  p.  378,  *<  though  we  consider  these  researches  upon  the  alloys  of  steel  as 
very  interestin?,  we  are  not  sanguine  as  to  their  important  influence  upon  the  improve- 
ment of  the  manufacture  of  cutlery,  and  suspect  that  a  bar  of  the  best  ordinary  steel,  se- 
lected with  precaution,  and  most  carefully  forged,  wrought,  and  tempered,  under  the  tm- 
wudiate  inspection  of  the  master,  would  afford  cutting  instruments  as  perfect  and  excellent 
as  those  composed  of  wootz,  or  of  the  alloys." 

Case-hardcninir  of  iron,  is  a  process  for  converting  a  thin  film  of  the  outer  surface  into 
alee],  while  the  interior  remains  as  before.    Fine  keys  are  generally  finished  in  this  way. 

See  CASE-H.VADENING. 

So  great  i$  the  affinity  of  iron  for  carbon,  that,  in  certain  circumstances,  it  will  absorb 
it  from  carbureted  hydrosren,  or  coal-gas,  and  thus  become  converted  into  steel.  On  this 
principle,  Mr.  Mackintosh  of  Glasgow  obtained  a  patent  for  making  steel.  His  ftimaee 
consists  of  one  cylinder  of  bricks  built  concentrically  within  another.  The  bars  of  iron 
■ere  suspended  in  the  innermost,  from  the  top ;  a  stream  of  purified  doal-gas  circulates 
llreely  round  them,  entering  below  and  escaping  slowly  above,  while  the  bars  are  main- 
tained in  a  state  of  bright  ignition  by  a  fire  burning  in  the  annular  space  between  Uke 
cylinders.  The  steel  so  produced  is  of  excellent  quality;  but  the  process  does  not  seem 
to  be  so  economical  as  the  ordinary  cementation  with  charcoal  powder. 

Damasking  of  steel,  is  the  art  of  giving  to  sabre  blades  a  variety  of  figures  in  the  style 
of  watering.    See  Damascus  Blades. 

Severn!  explanations  have  been  offered  of  the  change  in  the  constltntion  of  steel, 
which  accompanies  the  tempering  operation ;  but  none  of  then  seems  quite  satisfactory. 
It  seems  to  be  probable  that  the  ultimate  molecules  are  thrown  by  the  sadden  cooling 
into  a  constrained  state,  so  that  their  poles  are  not  allowed  to  take  the  position  of  strong- 
est attraction  and  greatest  proximity ;  and  hence  the  mass  becomes  hard,  brittle,  an^ 
somewhat  less  dense.  An  analogous  condition  may  be  justly  imputed  to  hastily  cooled 
^ass,  which,  like  hardened  steel,  requires  to  be  annealed  by  a  subsequent  nicely  gradua- 
ted heat,  under  the  influence  of  which  the  particles  assume  the  position  of  repose,  and 
eonstitute  a  denser,  softer,  and  more  tenacious  body.  The  more  sadden  the  cooling  of 
ignited  steel,  the  more  unnatural  and  constrained  will  be  the  distribution  of  its  particles, 
and  also  the  more  refractory,  an  effect  produced  by  plunging  it  into  cold  mercury.  This 
cieess  of  hardness  is  removed  in  any  required  degree  by  jndicious  annealing  or  temper- 
ing. The  state  of  the  carbon  present  in  the  steel  may  also  be  modified  by  the  rate  of 
refrigeration,  as  Mr.  Karsten  and  M.  Br6ant  conceive  happens  with  cast  iron  and  the 
diunask  metal.  If  the  uniform  distribution  and  combination  of  the  carbon  through  the 
mass,  determine  the  peculiarity  of  white  cast  inm»  which  is  a  hard  and  brittle  substanee. 
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and  if  its  transition  to  the  dark-gray  and  softer  cast  metal  be  effected  hj  m.  partial  fimi- 
tion  of  plumbago  durin?  slow  cooling,  why  may  not  something  similar  be  supposed  Is «• 
cor  with  steel,  an  analogous  compound  7 

Mr.  Oldham,  printing  engineer  of  the  Bank  of  England,  who  has  had  great  cxpCiiesB 
in  the  treatment  of  steel  for  dies  and  mills,  says  that,  for  hardening  it,  the  ^  Ami' 
never  be  heated  above  the  redness  of  sealing-wax,  and  kept  at  that  pitch  for  a  nffida 
time.  On  taking  it  out,  he  hardens  it  by  plunging,  it,  not  in  water,  bat  in  olive  cBi,  a 
rather  naptha,  previously  heated  to  200°  F.  It  is  kept  immersed  only  till  the  ebsBiliM 
ceases,  then  instantly  transferred  into  cold  spring  water,  and  kept  there  till  qoite  eolL 
By  this  treatment  the  tools  come  out  perfectly  clean,  and  as  hard  as  it  is  possible  to Mkt 
cast-steel,  while  they  are  perfectly  free  from  cracks,  flaws,  or  twist.  Large  tools  sie 
readily  brought  down  in  temper  by  being  suspended  in  the  red-hot  miiffle  till  they  ifafVi 
straw  color ;  but  for  small  tools,  he  prefers  plunging  them  in  the  oil  heated  to  400  di- 
grees ;  and  leaves  them  in  till  they  become  cold. 

Mr.  Oldham  softens  his  steel  dies  by  exposing  them  to  ignition  for  the  requisite  tUK, 
imbedded  in  a  mixture  of  chalk  and  charcoal. 

"The  common  mode  of  softening  steel,"  says  Mr.  Baynes,  "is  to  put  it  intoaa  im 
case,  surrounded  with  a  paste  made  of  lime,  cow's  call,  and  a  little  nitre  and  water;  ttai 
to  expose  the  case  to  a  slow  fire,  which  is  gradually  increased  to  a  consideiahle  hn^ 
and  afterwards  allowed  to  go  out,  when  the  steel  is  found  to  be  soA  and  ready  fot  tk 
engraver.*** 

Indian  steel  or  wootz. — The  wootz  ore  consists  of  the  magnetic  oxyde  of  iron,  ssM 
with  quartz,  in  proportions  which  do  not  seem  to  differ  much,  being  generally  abost  41 
of  quartz,  and  58  of  magnetic  oxyde.  Its  grains  are  of  various  size,  down  to  a  saody  to* 
ture.  The  natives  prepare  it  for  smelting  by  pounding  the  ore,  and  winnowing  svif 
the  stony  matrix,  a  task  at  which  the  Hindoo  females  are  very  dexterous.  The  dsobs 
in  which  iron  ore  is  smelted  and  converted  into  wootz  or  Indian  steel,  by  the  natives  it 
the  present  day,  is  probably  the  very  same  that  was  practised  by  them  at  the  time  of  the 
invasion  of  Alexander ;  and  it  is  a  uniform  process,  from  the  Himalaya  monntaias  to  Ctft 
Comorin.  The  furnace  or  bloomer)'  in  which  the  ore  is  smelted,  is  from  four  to  fife  feet 
high ;  it  is  somewhat  pear-shaped,  being  about  two  feet  wide  at  bottom,  and  one  fi»t  at 
top ;  it  is  built  entirely  of  clay,  so  that  a  couple  of  men  can  finish  its  erection  ia  a  fev 
hours,  and  have  it  ready  for  use  the  next  day.  There  is  an  opening  in  front  aboot  s  fiNt 
or  more  in  height,  which  is  built  up  with  clay  at  the  commencement,  and  broken  dam 
at  the  end,  of  each  smelting  operation.  The  bellows  are  usually  made  of  a  goat's  skii, 
which  has  been  stripped  from  the  animal  without  ripping  open  the  part  covering  the  bcQy. 
The  apertures  at  the  legs  are  tied  up,  and  a  nozzle  of  bamboo  is  fastened  in  the  opeoiig 
formed  by  the  neck.  The  orifice  of  the  tail  is  enlarsied  and  distended  by  two  slipi  i 
bamboo.  These  are  grasped  in  the  hand,  and  kept  close  together  in  making  the  stnfce 
for  the  blast;  in  the  returning  stroke  they  are  separated  to  admit  the  air.  By  woridsg 
a  bellows  of  this  kind  with  each  hand,  making  alternate  strokes,  a  pretty  uniform  Unt 
is  produced.  The  bamboo  nozzles  of  the  bellows  are  inserted  into  tubes  of  clay,  irineh 
pass  into  the  furnace  at  the  bottom  corners  of  the  temporary  wall  in  front.  The  furssee 
is  filled  with  charcoal,  and  a  lighted  coal  being  introduced  before  the  nozzles,  the  mM 
in  the  interior  is  soon  kindled.  As  soon  as  this  is  accomplished,  a  small  portion  of  tke 
ore,  previously  moistened  with  water,  to  prevent  it  from  running  through  the  chaicoil) 
but  without  any  flux  whatever,  is  laid  on  the  top  of  the  coals,  and  covered  with  chszenl 
to  fill  up  the  furnace. 

In  this  manner  ore  and  Aiel  are  supplied ;  and  the  bellows  are  urged  for  3  or  4  hovn> 
when  the  process  is  stopped ;  and  the  temporary  wall  in  front  being  broken  down,  tk 
bloom  is  removed  by  a  pair  of  tongs  from  the  bottom  of  the  furnace.  It  is  then  beaten 
with  a  wooden  mallet,  to  separate  as  much  of  the  scoriae  as  possible  from  it,  and,  while 
still  red-hot,  it  is  cut  through  the  middle,  but  not  separated,  in  order  merely  to  shov 
the  quality  of  the  interior  of  the  mass.  In  this  state  it  is  sold  to  the  blacksmitfa^ 
who  make  it  into  bar  iron.  The  proportion  of  such  iron  made  by  the  natives  from  100 
parts  of  ore,  is  about  15  parts.  In  converting  the  iron  into  sted,  the  natives  cot  it  isto 
pieces,  to  enable  it  to  pack  better  in  the  crucible,  which  is  formed  of  refractory  dsTi 
mixed  with  a  large  quantity  of  charred  husk  of  rice.  It  is  seklom  charged  with  moit 
than  a  pound  of  iron,  which  is  put  in  with  a  proper  weight  of  dried  wood  chopped 
small,  and  both  are  covered  with  one  or  two  green  leaves;  the  proportions  being  ia 
general  10  parts  of  iron  to  1  of  wood  and  leaves.  The  mouth  of  the  crucible  is  thei 
stopped  with  a  handful  of  tempered  clay,  rammed  in  very  closely,  to  exclude  the  air.  Ths 
wood  preferred  is  the  Cassia  auriculatay  and  the  leaf  that  of  the  AicUpiat  gigamUa,  cr 

*  History  of  the  Cotton  Manufacture,  p.  975.  If  that  stranire  farraro  be  emplojed  by  Mr.  LodMt  of  Maih 
elieeter,  for  lofteninf  hit  diet  and  mills,  it  deserves  consideration.  Shonld  tne  nitre  be  need  in  too  giest 
qnantitj  to  be  aU  carbonated  by  the  gall,  its  ozj^n  may  senre  to  oonBnme  same  of  the  caxboa  of  the  itael» 
and  thu  briaf  it  aearar  to  iron.    The  recipe  nay  be  old,  b«t  it  is  a  novelty  to  ■•. 
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tibe  Convolvulus  laurifolius.  As  soon  as  the  clay  plugs  of  (he  crucibles  are  dry,  from 
20  to  24  of  them  are  built  up  in  the  form  of  an  arch,  in  a  small  blast  furnace ;  they  are 
^ept  covered  with  charcoal,  and  subjected  to  heat  urged  by  a  blast  for  about  two  hours 
and  a  half,  when  the  process  is  considered  to  be  complete.  The  crucibles  being  now 
taken  out  of  the  furnace  and  allowed  to  cool,  are  broken,  and  the  steel  is  found  in 
the  form  of  a  cake,  rounded  by  the  bottom  of  the  crucible.  When  the  fusion  has  been 
perfect,  the  top  of  the  cake  is  covered  wirh  strise,  radiating  from  the  centre,  and  is  free 
firom  holes  and  rough  projections ;  but  if  the  fusion  has  been  imperfect,  the  surface  of 
the  cake  has  a  honeycomb  appearance,  with  projecting  lumps  of  malleable  iron.  On  an 
mverage,  four  out  of  five  cakes  are  more  or  less  defective.  These  imperfections  have 
lieen  tried  to  be  corrected  in  London  by  re-melting  the  cakes,  and  running  them  into 
ingots ;  but  it  is  obvious,  that  when  the  cakes  consist  partially  of  malleable  iron  and  of 
unreduced  oxyde,  simple  fusion  cannot  convert  them  into  good  steel.  When  care  is  taken, 
however,  to  select  only  such  cakes  as  are  perfect,  to  re-melt  them  thoroughly,  and 
tilt  them  carefully  into  rods,  an  article  has  been  produced  which  possesses  all  the  re- 
quisites of  fine  steel  in  an  eminent  degree.  In  the  Supplement  to  the  Encyclopedia 
Britannica,  article  Cutlery^  the  late  Mr.  Stodart,  of  the  Strand,  a  very  competent  judge, 
has  declared  "  that  for  the  purposes  of  fine  cutlery,  it  is  infinitely  superior  to  the  b«8t 
Eni^lish  cast  steel." 

The  natives  prepare  the  cakes  for  being  drawn  into  bars  by  annealing  them  for  several 
hours  in  a  small  charcoal  furnace,  actuated  by  bellows ;  the  current  of  air  being  made 
to  play  upon  the  cakes  while  turned  over  before  it ;  whereby  a  portion  of  the  combined 
carbon  is  probably  dissipated,  and  the  steel  is  soAened ;  without  which  operation  the 
eakes  would  break  in  the  attempt  to  draw  them.  They  are  drawn  by  a  hammer  of  a  few 
pounds  weight. 

The  natives  weld  two  pieces  of  cast  steel,  by  giving  to  each  a  sloping  face  jagged  all 
over  with  a  small  chisel ;  then  applying  them  with  some  calcined  borax  between,  and 
tying  them  together  with  a  wire,  they  are  brought  to  a  full  red  heat,  and  united  by  a  few 
smart  blows  of  a  hammer. 

The  ordinary  bar  iron  of  Sweden  and  England,  when  converted  by  cementation  into 
steel,  exhibits  upon  its  surface  numerous  small  warty  points,  but  few  or  no  distinct 
Tesicular  eruptions ;  whereas  the  Dannemora  and  the  Ulverston  steels  present,  all  over 
the  surface  of  the  bars,  well  raised  blisters,  upwards  of  three  eighths  of  an  inch  in 
diameter  horizontally,  but  somewhat  flattened  at  top.  Iron  of  an  inferior  description, 
when  highly  converted  in  the  cementing-chest,  becomes  gray  on  the  outer  edges  of  the 
fiaeture ;  while  that  of  Dannemora  acquires  a  silvery  color  and  lustre  on  the  edges,  with 
•rystalline  facets  within.  The  highly  converted  steel  is  used  for  tools  that  require  to  be 
made  very  hard ;  the  slightly  converted,  for  softer  and  more  elastic  articles,  such  as 
springs  and  sword  blades. 

STEREOTYPE  PRINTING  signifies  printing  by  fixed  types,  or  hy  a  cast  typo- 
graphic plate.  This  plate  is  made  as  follows : — ^The  form,  composed  in  ordinary  tjrpes, 
and  containing  one,  two,  three,  or  more  pages,  inversely  as  the  size  of  the  book,  being 
laid  flat  upon  a  slab,  with  the  letters  looking  upwards,  the  faces  of  the  types  are  brushed 
over  with  oU,  or  preferably,  with  plumbago  rblack  lead.)  A  heavy  brass  rectangular 
fiame  of  three  sides,  with  bevelled  borders,  adapted  exactly  to  the  size  of  the  pages,  is 
then  laid  down  upon  the  chase,*  to  circumscribe  three  sides  of  its  typography ;  but  the 
fourth  side,  which  is  one  end  of  the  rectangle,  is  formed  by  placing  near  the  types,  and 
over  the  hollows  of  the  chase,  a  single  brass  bar,  having  the  same  inwards  sloping  bevd 
as  the  other  three  sides.  The  complete  frame  resembles  that  of  a  picture,  ana  serves  to 
define  the  area  and  thickness  of  the  cast,  which  is  made  by  pouring  the  pap  of  Paris 
plaster  into  its  interior  space,  up  to  a  given  line  on  its  edges.  The  plaster  mould,  which 
soon  sets,  or  becomes  concrete,  is  lifted  gently  off  the  types,  and  immediately  placed 
upright  on  its  edge  in  one  of  the  cells  of  a  sheet-iron  rack,  mounted  within  the  cast-iron 
oven.  An  able  workman  will  mould  ten  sheets  octavo  in  a  day,  or  160  pages.  The 
moulds  are  here  exposed  to  air  heated  to  fully  400^  F.,  and  become  perfectly  dry  in  the 
eourse  of  two  hours.  As  they  are  now  friable  and  porous,  they  require  to  be  delicately 
handled.  Each  mould,  containing  generallf  two  pages  octavo,  is  laid,  with  the  im- 
pression downwards,  upon  a  flat  cast-iron  plate,  called  the  floating-plate ;  this  plate 
oeing  itself  laid  on  the  bottom  of  the  dipping-pan,  which  is  a  cast-iron  square  tray, 
with  its  upright  edges  sloping  outwards.  A  cast-iron  lid  is  applied  to  the  dipping-pan, 
and  secured  in  its  place  by  a  screw.  The  pan  havipg  been  heated  to  400^  in  a  cell  of 
the  oven,  under  the  mould-rack,  previous  to  receiving  the  hot  mould,  is  ready  to  be 
plunged  into  the  bath  of  melted  alloy  contained  in  an  iron  pot  placed  over  a  furnace, 
and  it  is  dipped  with  a  slight  deviation  from  the  horizontal  plane,  in  order  to  facilitats 
the  escape  of  the  air.    As  there  is  a  minute  space  between  the  back  or  top  surface  of 

*  ChBM  (ekaitiM^  frtma,  Fr.),  tpioin,  (com,  wedge,  Fr.),  an  terms  which  ihow  that  the  txt  of  priatiBr 
directly  from  Frmnoe  to  KngJend 
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the  mould  and  the  lid  of  the  dipping-rc^n,  the  liquid  metal,  on  entering  into  the  pg 
through  (he  orifices  in  its  comers,  floats  up  the  plaster  along  with  the  iron  plate « 
which  it  had  been  laid,  thence  called  the  flonting-plate,  whereby  it  Aowb  freely  tDtoeioj 
line  of  the  mould,  through  notches  cut  in  its  edge,  and  forms  a  layer  or  lamina  upoaili 
face,  of  a  thickness  corresponding  to  the  depth  of  the  border.  Only  a  thin  metal  fila  ii 
leA  upon  the  back  of  the  mould.  The  dipping-|;«an  is  suspended,  plunged,  and  reowteii 
by  means  oC  a  powerful  crane,  susceptible  of  vertical  and  horizontal  motions  in  all  dirtt- 
tions.  When  lifted  out  of  the  bath,  it  is  set  in  a  water-cistern,  upon  bearers  so  pheri 
as  to  allow  its  bottom  only  to  touch  the  surface.  Thus  the  metal  first  concretes  beiov, 
while,  by  remaining  fluid  above,  it  continues  to  impart  hydrostatic  pressure  dvi^ 
the  shrinkage  attendant  upon  refrigeration.  As  it  thus  pr(^ressively  contracts  in  roloae, 
more  melted  metal  is  fed  into  the  corners  of  the  pan  by  a  ladle,  in  order  to  keep  op  ik 
hydrostatic  pressure  upon  the  mould,  and  to  secure  a  perfect  impression,  as  well  as  a  solid 
cast.  Were  the  pan  more  slowly  and  equably  cooled,  by  being  It- A  in  the  air,  the  dui 
film  of  metal  upon  the  back  of  the  inverted  plaster  cake  would  be  apt  to  soltdify  fiiU, 
and  intercept  the  hydrostatic  action  indispensable  to  the  puriH>$e  of  fiUinjr  all  the  licf<  ti 
its  face.  A  skilful  workman  makes  five  dips,  containing  two  pages  octavo  each,  io  lie 
course  of  an  hour,  or  about  nine  and  a  half  uctavo  sheets  per  day.  The  pan  beiaxukM 
asunder,  the  compound  cake  of  mould  and  metal  is  removed,  and  beat  upon  its  tcta 
with  a  wooden  mallet,  to  detach  the  superfluous  metal.  The  stereotype  plate  is  tba 
handed  over  to  the  picker,  who  planes  its  edges  truly  square,  turns  its  back  flat  upon  i 
.  lathe  to  a  determinate  thickness,  and  carefully  removes  the  little  imperfections  orca<i(jsd 
by  dirt  or  air  leA  among  the  letters  when  the  mould  was  cast.  Should  any  of  ibtm  k 
damaged  in  the  course  of  the  operation,  they  must  be  cut  out,  and  replaced  by  soldcriMt 
in  separate  types  of  the  same  size  and  form. 

STILL  {.^Uimbic,  Fr. ;  Blase,  Germ.),  is  a  chemical  apparatus,  for  vaporizing  liquidi 
by  heat  in  one  part,  called  the  cucurbit ,  and  condensing  the  vapors  into  liquids  in  anotbo 
part,  called  the  refrigeratory ;  the  general  purpose  of  both  combined  being  to  se}4iite 
the  more  volatile  fluid  particles  from  the  less  volatile.  In  its  simplest  form,  it  coasitls 
of  a  retort  and  a  receiver,  or  of  a  pear-shaped  matrass  and  a  capital,  famished  witk  i 
slanting  tube  for  conducting  away  the  condensed  va|)ors  in  drops ;  whence  the  tenn  «fifi, 
from  the  Latin  verb  stillare,  to  drop.  Its  chief  emph>yment  in  this  country  being  to  eiin- 
inate  alcohol,  of  greater  or  less  strength,  from  fermented  wash,  I  shall  devote  this  artide 
to  a  description  of  the  stills  best  adapted  to  the  manufacture  of  British  spirits,  refenias 
to  chemical  authors*  for  those  fitted  for  peculiar  objects. 

In  respect  of  rapidity  and  extent  of  work,  stills  had  attained  to  an  extraordinary  pildi 
of  perfection  in  Scotland  about  thirty  years  ago,  when  legislative  wisdom  thought  fit  to 
levy  the  spirits  duty,  per  annum,  from  each  distiller,  according  to  the  capacity  of  Ui 
still.  It  having  been  shown,  in  a  report  presenttKl  to  the  House  of  Commons  io  1799, 
that  an  80-gallon  still  could  be  worked  off  in  eight  minutes,  this  fact  was  made  the  btai 
of  a  new  fiscal  law,  on  the  supposition  that  the  maximum  of  velocity  had  been  readied. 
But,  instigated  by  the  hopes  of  enormous  gains  at  the  expense  of  the  revence,  the  distill- 
ers soon  contrived  to  do  the  same  thing  in  three  minutes,  by  means  of  broad-bottomed 
shallow  stills,  with  stirring-chains,  and  lofty  capitals.  In  the  year  18X5,  that  preposter- 
ous  law,  which  encouraged  fraud  and  deteriorated  the  manufacture,  was  repealed.  The 
whiskey  duties  having  been  since  levied,  independently  of  the  capacity  of  the  still,  upot 
the  quantity  produced,  such  rapid  operations  have  been  abandoned,  and  processes  of  eeoa* 
omy  in  fuel,  and  purity  in  product,  have  been  sought  after. 

One  of  the  greatest  improvements  in  modern  distilleries,  is  completing  the  analysii 
of  cnidc  spirit  at  one  operation.  Chemists  had  been  long  familiar  with  the  contrivaiiee 
of  Woulfe,  for  impregnating  with  gaseous  matter,  water  contained  in  a  range  of  bottles; 
but  they  had  not  thought  of  applying  that  plan  to  distillation,  when  Edouard  Adan, 
an  illiterate  workman  of  Montpellier,  after  hearing  accidentally  a  chemical  lectoic 
upon  that  apparatus,  bethought  himself  of  converting  it  into  a  still.  He  caused 
the  boiling-hot  vapors  to  chase  the  spirits  successively  out  of  one  bottle  into  another, 
so  as  to  obtain  in  the  successive  vessels  alcohol  of  any  desired  strength  and  purity,  *'  of 
one  and  the  same  heat,**  He  obtained  a  patent  for  this  invention  in  1801,  and  was  soob 
afterwards  enabled,  by  his  success  on  the  small  scale,  to  set  up  in  his  native  city  a  mag- 
nificent distiller}',  which  excited  the  admiration  of  all  the  practical  chemists  of  thai 
day.  In  November,  1805,  he  obtained  a  certificate  of  certain  improvements  for  ex- 
tracting from  wine,  at  one  process,  the  whole  of  its  alcohol.  Adam  was  so  overjoyed, 
after  nwkins  his  first  experiments,  that  he  ran  about  the  streets  of  Montpellier,  tellinf 
everybody  of  the  surprising  results  of  his  invention.  Several  competitors  soon  entered 
the  lists  with  him,  especially  Solimani,  piofcssor  of  chemistry  in  that  city,  and  IsatC 

*  The  trratirc^  of  Le  Nommnd  and  Diihmnfmut  mny  alao  hn  coosulted.  The  Freneh  atills  are  ia  ftamsl 
»o  much  coTuplicatCfi  with  a  great  luan}  Miiall  pipes  aud  passages,  as  to  be  unfit  for  diatilluig  th»  gluliaam 
wash  of  grains. 
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Berard,  distiller  in  the  department  of  Gard ;  who,  having  contrived  other  forms  of  con- 
tinuous stills,  divided  the  profits  with  the  first  inventor. 

The  principles  of  spirituous  distillation  may  be  stated  as  follows  : — ^The  boiling  point 
'ti  alcohol  varies  with  its  density  or  strength,  in  conformity  with  the  numbers  in  the  fol- 
lowing table: — 


SpeaSc  gTKTity. 

Boiling  point,  by  Fahrenheit*! 
scale. 

Specific  graTitjr. 

Boiling  point,  by  Fahrenheit'i 
scale. 

0-7939 

168-5« 

0-8875 

181-0° 

0-8034 

168-0 

0-8631 

1830 

0-8118 

168-5 

0-8765 

1870 

0-8194 

169-0 

0-8882 

190-0 

0-8265 

172-5 

0-9013 

194-0 

0-8332 

173-5 

0-9126 

197-0 

0-8397 

1750 

0-9234 

1990 

0-8458 

177-0 

0-9335 

2010 

0-85ia 

1790 

See  also  the  table  under  Alcohol,  page  22. 

Hence,  the  lower  the  temperature  of  the  spirituous  vapor  which  enters  the  refri- 
geratory apparatus,  the  stronger  and  purer  will  the  condensed  spirit  be;  because  the 
oflensive  oils,  which  are  present  in  the  wash  or  wine,  are  less  volatile  than  alcohol,  and 
are  brought  over  chiefly  with  the  aqueous  vapor.  A  perfect  still  should,  therefore,  consist 
of  three  distinct  members ;  first,  the  cucurbit,  or  kettle ;  second,  the  rectifier,  for  inter- 
cepting more  or  less  of  the  watery  and  oily  particles ;  and  third,  the  refrigerator,  or  conden- 
ser of  the  alcoholic  vapors. 

These  principles  are  illustrated  in  the  construction  of  the  still  represented  in  figf,  1057, 
1058,  1059,  1060,  1061 ;  in  which  the  resources  of  the  most  refined  French  stills  are 
combined  with  a  simplicity  and  solidity  suited  to  the  grain  distilleries  of  the  United 
Kingdom.  Three  principal  objects  are  obtained  by  the  arrangement  here  shown ;  first, 
the  extraction  from  fermented  wort  or  wine,  at  one  operation,  of  a  spirit  of  any  desired 
cleanness  and  strength  ;  second,  great  economy  of  time,  labor,  and  fuel ;  third,  freedom^ 
from  all  danger  of  blowing  up  or  boiling  over,  by  mismanaged  firing.  When  a  com- 
bination of  water,  alcohol,  and  essential  oil,  in  the  state  of  vapor,  is  passed  upwards 
through  a  series  of  winding  passages,  maintained  at  a  determinate  degree  of  heat^ 
between  170°  and  180°,  the  alcohol  alone,  in  any  notable  proportion,  will  retain  the 
elastic  form,  and  will  proceed  onwards  into  the  refrigeratory  tube,  in  which  the  said 
passages  terminate ;  while  the  water  and  the  oil  will  be  in  a  great  measure  condensed, 
arrested,  and  thrown  back  into  the  body  of  the  still,  to  be  discharged  with  the  eflete 
residuum. 

The  system  of  passages  or  channels,  represented  in  Jig,  1058,  is  so  contrived  as  to  bring 
the  mingled  vapors  which  rise  from  the  alembic  a,  into  ample  and  intimate  contact  with 
metallic  surfaces,  maintained,  in  a  water-bath,  at  a  temperature  self-regulated  by  a  heat- 
governor.    See  Thermostat. 

The  neck  of  the  alembic  Upers  upwards,  as  shown  at  6,  fig.  1057 ;  and  at  e,fig.  1058, 
it  enters  the  bottom,  or  ingress  vestibule,  of  the  rectifier  c,/.  /is  its  top  or  egress 
vestibule,  which  communicates  with  the  bottom  one  by  parallel  cases  or  rectangular 
channels  d,dfd,o£  which  the  width  is  small,  compared  with  the  length  and  height. 
These  cases  are  open  at  top  and  bottom,  where  they  are  soldered  or  rivet^  into  a  general 
frame  within  the  cavity,  enclosed  by  the  two  covers  /,  c,  which  are  secured  round  their 
edges  e,  e,  e,  e,  with  bolts  and  packing.  Each  case  is  occupied  with  a  numerous  series 
of  shelves  or  trays,  placed  at  small  distances  over  each  other,  in  a  horizontal  or  slightly 
inclined  position,  of  which  a  side  view  is  given  in  fig.  1059,  and  cross  sections  at  d,  d,  dy 
fig.  1058.  Each  shelf  is  turned  up  a  little  at  the  two  edges,  and  at  one  end,  but  sloped 
down  at  the  other  end,  that  the  liquor  admitted  at  the  top  may  be  made  to  flow  slowly 
backwards  and  forwards  in  its  descent  through  the  system  of  shelves  or  trays,  as  in- 
dicated by  the  darts  and  spouts  in  fig.  1059.  The  shelves  of  each  case  are  framed 
together  by  two  or  more  vertical  metallic  rods,  which  pass  down  through  them,  and  are 
fixed  to  each  shelf  by  solder,  or  by  screw-nuts.  By  this  means,  if  the  cover/,  be  removed, 
the  sets  of  shelves  may  be  readily  lifted  out  of  the  cases  and  cleaned ;  for  which  reason 
they  are  called  movtabU. 

The  intervals  i,  i,  \,fig»  1058,  between  the  cases,  are  leA  for  the  free  circulation  of  the 
water  contained  in  the  iNith-vessel  g,  g ;  these  intervals  being  considerably  narrower  than 
the  cases. 

Fig.  1060  represents  in  plan  the  surface  of  the  rectifying  cistern,  shown  in  two 
different  sections  mfigt.  1058  and  1059.     hfk,ftg».  1058  and  1060,  is  the  heat-govenMir, 


a  pair  at  tonm.  Eack  1c;  ii  a  compound  bar,  c 
Bal'tBT  or  ruler  of  sled,  and  one  oT  bi«M  allaf,  riveted  facevite  togetlieT,  baTior  tkn 
(dyn  up  aod  down.  The  linkt,  bI  k,  are  joiaed  to  ibe  free  endi  of  Uieae  eoopoaBd  ban, 
whkb, recelio;  by  iacreaM  andmpproachiDg  by  decreM«DrtemperatBTe,«etl7alenra 


The  stopcock  I,  fixed  to  Ibe  pipe  of  a  cotd-water  back,  and  are  to  adjutted  br  a  aerew-ai^ 
that  whenever  ibc  wiLer  in  Ibe  baih  venel  g,  g,  rises  above  [ha  desired  lenpentar^ 
cold  vBler  will  be  admitted,  through  the  etopcock  I,  and  pipe  n,  into  Ibe  bottom  of  tke 
cistern,  and  will  displace  (he  OTer-heated  water  by  the  overflow-pipe  n.  Tbos  ■  MrfM 
equilibrinm  of  caloric  may  be  maiataiaed,  and  alcoholic  vapor  of  correapondcDt  oolnnulj 
transmitted  to  the  rcfriBcralorj'. 

Fig.  106]  19  the  eold  condenser,  of  similar  construction  to  lhercclifleT,jfs.  1058;  ody 

the  waler  celli  sbonld  be  here  larger  in  proportion  la  the  vapor  dunnels  d,  d.    TUi 

'    refrigerBlory  system  will  be  found  very  powerful,  and  it  presenis  Ihe  |(re«I  advantage  tf 

permitting  its  interior  to  be  readily  inspected  and  cleansed.     It  h  best  madearbuniaaid 

tin,  hardened  with  a  little  capper  alloy. 

The  mode  of  woriiing  the  preeedini;  apparalna  will  be  onderstood  by  the  foQowiq 
instnictions.  Into  the  alemhie,  a,  let  as  moch  fermented  liquor  be  admilted  «s  win  pn- 
lect  its  bottom  from  being  injured  by  Ihe  Are,  teservin^  the  main  body  in  the  cbatfisf- 
back.  Whenever  the  ebullition  in  the  alembic  has  raised  the  temperalnre  of  tbe  water' 
bath  g,  g,  10  Ihe  desired  pitch,  whether  that  be  1T0°,  17!P,  or  IStP,  the  thermostitc 
instmment  is  to  be  adjusted  by  iu  screw-nnt,  and  then  the  eommanicatioo  with  tbe 
eharging-bsck  is  to  be  opened  by  movin?  the  index  of  Ihe  stopcock  o,  o»er  a  proper 
portion  of  its  quadrsntal  arch.  The  wash  will  now  deseer>d  ia  ■  slmdcr  (qnUe 
stream,  throui^h  (he  pipe  o,  f,  thence  spread  into  the  horidmla]  tube  p,  p,  and  e«M 
&om  the  orifices  of  distribution,  a;  seen  in  the  fignre,  into  Ihe  mpeetrvs  Sat  trayt  cr 
■ponts,  Tbe  manner  of  its  proeress  is  seen  for  one  set  oT  trays,  h  Jff.  1059.  Thedirve- 
■ion  of  tbe  stream  in  each  shelf  is  evidently  tbe  reverie  of  that  in  tbe  ahdT  above  ui 
bck)w  it )  the  Inmed-up  end  of  one  shelf  eorresponditig  to  tbe  discharge  slope  of  iM 
M%hboT. 

By  diffusing  Ihe  cool  wash  or  wine  in  a  thin  film  over  siieb  an  ample  lanjre  of  tm- 
&e^  the  eonitaul  tendency  of  tbe  bath  to  exceed  the  propn  Unit  of  IcmperataK  is 
eonnleracted  to  the  utmoM,  withont  waste  of  time  or  fvdi  Ibr  die  itaah  itMd^  t> 
frmuffa,  becomes  boillng-hol,  and  eiperienecs  a  powerlbl  steam  distillation.  By  lUs 
arraBgcment  a  very  moderate  influx  of  cold  water,  through  the  Ibeimoataiie  ttopeoct, 
•offices  to  temper  Ihe  bathj  sneh  an  extensive  vaporixation  of  Ihe  wash  producing  a  fat 
Btne  powerfnl  refrignant  influence  than  its  sim|rie  heating  to  ebellitioti.  It  Jastivci 
to  be  remarked,  thai  the  mBiimum  distiUalorr  effect,  or  Ihe  bringing  over  the  frMtesI 
^nanlity  of  pnre  spirits  iu  the  least  lime,  and  with  Ibe  least  labcr  and  fliel,  it  kHt 
Meen^tAed  without  Um  least  stwm  pcenara  U  tlw  aloabie )  fa  the  pva^M  att 


STILU 


IW 


ahowD  in  fig.  1062,  eoi 


■n  perrions  to  tba  vrnpor ;  irherew,  in  tlmoil  stctt  mih-itill  beretofon  nonthvtd  fto 
■iiBilur  pnrposes,  the  ipiritUDUS  vapors  must  force  tbeit  in;  through  lacceuiTe  !■;«(• 
of  liquii^  (he  tola]  pretsnre  produced  bf  which  eausei  andne  eleTatioa  of  tempeiatwe, 
and  obilruclian  to  the  proces*.  Wbaterer  tapplementary  rrrrigermlioa  at  the  Tspon  in 
ibeir  pusage  through  the  balh  rw^  be  deeioed  proper,  will  be  adDiiaislered  bj  tbe  lhe>- 
llii>BlalJe  r^nlalar. 

Towudii  the  eod  of  the  proeen,  Bder  all  the  wisli  ha*  eatered  the  ■Iambic,  it  jokj  bi 
tDmetimei  dnirable,  for  Ihe  uke  of  deipalcta,  to  modiff  the  thermastat,  by  il*  adjailinf- 
Mrew,  so  that  the  hiuh  maf  Uke  a  higher  temperalDre,  and  allow  the  re*idnarT  feint*  to 
run  rapidly  arer,  into  a  aeparate  cittern.  Thii  weak  Aaid  mar  be  pnEnped  batdc  iou  Ihe 
alembic,  as  the  preliminarf  chaise  of  a  fresh  operation. 

The  above  plan  of  a  water-batb  regulated  bf  the  tbemoalat,  may  be  used  limplT  ai 
*  rectifying  ciileni,  without  transoitlting  the  spirit  or  waah  down  Ihrongh  iL  Tb« 
series  of  shelvei  wilt  cause  Ihe  vapori  from  the  still  to  impinge  agaimi  a  motl  ex- 
tensive arBtem  of  metallic  surfaces,  maintained  al  a  steady  lempeiatare,  whereby  Ihair 
watery  and  erode  conililaents  will  be  condensed  and  thrown  back,  while  their  Bne 
alcohDlie  particles  will  proceed  forwards  to  the  refrigeratory.  Any  ordinary  still  may 
be  readily  converted  into  this  self-reelifying  form,  by  merely  interposing  the  cistern, 
fig.  10^3,  between  the  alembic  and  Ihe  worm-tub.  The  leading  novelty  of  the  present 
JDvenlion  is  the  mOBuJiU  system  of  shelves  or  trays,  enclosed  in  metallic  eases,  separated 
by  water,  combined  with  Ibe  thermostatic  regulator.  By  this  combinalion,  any  quality 
of  spirits  may  be  procured  at  one  step  from  wash  or  wine,  by  an  appaiatos,  simple,  strong, 
*nd  easily  kept  in  order. 

The  empyreumalie  taint  which  spirits  are  apt  to  contract  from  the  action  oT  tbe  naked 
fire  on  the  bottom  of  the  still,  may  be  entirely  prevented  by  the  use  of  ■  bath  of  polasta 
ler.  P.  P.  M-  lOS?  i  for  thus  a  safe  and  effeclnai  range  of  temperalore,  of  SOC  F,,  may 
be  conveniently  obtained.    The  still  may  also  he  used  without  (he  bath  venel. 

Mr.  D.  T.  Shears,  of  Southwark,  obtained  a  patent  in  March,  1830,  for  eertaia  int- 
proveuKnts  and  additions  to  stills,  wbicb  are  ingenious.     They  are  founded  upon  a 
previous  patent,  granted  to  Joseph  Corty,  in  1B18  ;  a  section  of  whose  contrivance  is 
'  ing  of  a  first  still  a,  a  second  still  b,  a  connecting  tube  r,  bum 
the  one  end  to  Ihe  other,  sad  the  tube  d,  which  leads 
fram  Ihe  seconil  aljll-head  down   (hroogb  the  bent  tube 
I,  I,  lo  the  lower  part  of  the  condensing  apparatus. 

The  original  impraveineiiU  described  onder  Coity^ 
patent,  consisted  further,  in  placing  boiea  /,/,/,  of  the 
condensing  apparatus  in 
horitontal  positions,  and 
at  a  distance  from  each 
olher,  in  order  that  the 
vapor  might  ascend 
throDgh  them,  for  the 
purpose  of  discharging 
the  spirit  by  the  top  tuba 
g,  and  pipe  h,  into  Ihe 
worm,  in  a  highly  recti- 
fied or  concentrated 
Mate.  In  «ch  of  th« 
bauif,  tiMttU  a  convex 
plate  or  invened  dish  i, 
i,  i,  and  tbe  vapor  in 
rising  from  the  tibe  (, 
tfrihe*  against  the  aoa- 
eave  or  nndei  part  <£ 
tbe  Bnt  dish,  and  thn 
escapes  round  its  edgea, 

iand  over  iu  conve.  »nr- 
fcee,  to  tbe  under  part 
tt  the  second  dish,  end 
M  on  to  Ihe  top,  ttt 
eMdentcd  part  of  the  vapM  llowiag  down  again  inio  tbe  nfil,  and  the  spirit  passing  off 
by  Iba  pipe  t,  at  top  t  and  as  the  pttieess  of  condensatioa  will  be  asnsted  by  cooling  the 
vapor  as  il  rises,  eoU  water  is  made  to  Bow  over  the  tep(  ti  the  boxes  /,  tna  a  eoek  k, 
ud  thnmgh  email  cbanndseitnbee  on  the  ndetof  Ibe  b(nea,aiidit  nllimately  ditebaTs«l 
bl  the  ppe  I,  at  bolUo. 

Fig.  IMt  npnMsts  a  peenlkily  ^ped  tabi  a,  throiigh  wMdi  tbe  spirit  is  dsMribed 
«t  ffHriiV  rft«  Iwri^ ««  art  tr  Ibe  worn  tt  tk -rtUh  tdbe  il  op»  »  (b«  stao^Mk 
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kii  ■[  > ;  c,  is  the  ptsMgc  throDgh  wMeh  the  orbosic  acid  gu  ii  deaeribol  u  ocapbg 
iota  the  TeiMl  of  w»ler  rf, 

Nov  Ifae  improiemeoU  daiined  nailer  the  pie«en(  patmt,  are  exhibited  in  fig*.  1064, 
1065,  and  1066.  Fig.  1064  TcprcNnto  the  eiteraBl  appevuice  gf  «  still,  tbe  hcMl 
of  which  ii  made  very  opacious,  to  guard  agaiatl  orer-boiling  bf  anj  miimusfeniail 
vS  (be  fire ;  fig.  1065  is  the  same,  partly  in  eecljon.  On  the  lop  or  the  atill-head  is 
forraed  the  fint-described  tectifjing  apparalm,  or  seriei  of  coDdensiog  boiES.  The 
vapor  rrom  the  bod;  of  the  Blill  filling  the  head,  tneeli  with  the  fint  ehecJc  from  the  dish 
or  lower  vessel  i,  and  alter  passing  under  its  edges,  ascends  and  striliea  a^nM  the  lower 
put  of  the  second  diah  or  ves«el  i,  and  so  on,  till  it  ultimately  learea  the  stiU-hewl  bj  the 
pipe  at  lop. 

This  part  at  the  apparatus  is  slightlj'  altered  rrom  the  fonuer,  br  the  inbstitDtioi  ft 
koUow  cDDTei  Tessets,  instead  of  the  inTcrled  dishes  before  described,  which  1 1  fan  In  hare 
Tims  descending  from  their  under  snrfaces.  Tor  the  purpose  of  retaining  the  Tapor. 
The  cold  water,  which,  a*  above  described,  flowed  over  the  tops  of  the  boxes  /,  Tor  the 
purpose  of  cooling  them,  now  Hows  also  throngh  tbe  hollow  conrei  Testeli  t,  Vithin  tbe 
boxes,  and  by  that  means  greatly  assists  the  refrigerating  process,  bf  which  tbe  aqoeons 
pans  of  the  vapor  are  more  readily  condenMd,  and  made  to  fait  down  and  flow  back  agaia 
into  the  body  irf"  the  still,  while  the  spirituous  ports  pass  00"  at  top  to  the  worm,  in  a  very 
high  state  of  rectificalion. 

After  the  water  employed  for  the  refrigeration  has  passed  aver  all  the  boxes,  and 
through  all  the  vessels,  it  is  earried  off  by  tbe  jiipe  m,  thmngh  the  vessel  i^  caDed  tbe 
Wash-healer ;  thai  is,  the  vessel  in  which  the  wash  is  placed  previous  to  introducing  it 
into  tbe  still.  The  pipe  m,  is  coiled  round  in  the  lower  part  of  the  vessel  ■,  in  o^ 
that  the  heated  water  may  couununieate  its  caloric  lo  tbe  wash,  instead  of  losing  the 
heal  by  allowing  the  waler  10  flow  away.  Afler  (he  healed  water  bag  made  several 
turns  round  the  wash  heater,  it  passes  oat  at  the  curved  pipe  o,  which  is  beat  up,  in 
order  lo  keep  Ibe  coils  of  tbe  pipe  wilhin  always  full  of  water. 

Instead  of  the  coiled  pipe  n,  last  described,  the  patentee  proposes  sonwtima  lo  past 
the  hoi  water  in  lo  B  chamber  in  a  tub  or  wooden  vessel,  asatr.injSg,  1061,  in  which  the 
wa«h  to  be  heated  occupies  the  upper  part  of  the  vessel,  and  is  sepuated  from  the  lower 
part  by  a  thin  melallie  partition. 

The  swaa-aecb  h,figs.  iiXi  and  1065,  which  leads  from  the  head  of  the  EtOl,  eooduels 
the  spirit  from  the  still  Ihrou^h  the  wash-heater,  where  il  becomes  partiaUr  cooled,  ud 
pi,„  ....  :..  . ..  .....  .     ....  ^...„  ., ._  "• 


Should  any  spirit  rise  in  the  waih-heater  daring  the  above  operation,  it  will  be  cartM 
down  to  the  worm  by  tbe  neck  p,  and  coiled  pipe,  and  discharged  at  its  lower  end ;  or  it 
nay  be  passed  into  tbe  still-head,  as  shown  in^g.  1062. 

A  patent  was  obtained  by  Hr.  .£neas  Coffey,  in  August,  1B30,  for  a  still,  which  has 
been  since  mounted  in  several  distilleries,  tt  is  economical  in  hiel,  labor,  and  iim»j  bat 
k  said  nol  to  produce  a  clean  spirit,  without  peeuliar  attention. 

The  apparatna  is  represented  in  fif.  1 06T.  o,  t,  c,  d,  is  a  sectional  view  of  that  put 
of  the  still  wherein  the  wash  is  deprived  ti  its  alcohol,  and  the  vapors  analytol.  fl  it 
described  as  consisting  of  a  chamber  or  vessel  a,  with  the  vertical  ehatuba  I^  c, 
placed  above  ilj  the  lowerhalfof  this  chamber  is  divided  into  eoBpadaents  by  hoiiaoB- 
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tal  plates  «,  e,  e,  of  thin  copper  or  other  metal ;  each  of  these  plates  is  turned  down  at 
one  side,  until  it  nearly  touches  the  plate  next  underneath  it,  as  shown  in  the  figure ;  thus 
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leaving  a  passage  throughout  the 
whole  of  them,  by  which  any 
liquid  falling  on  the  top  plate 
may  descend  into  the  next  under 
it,  and  from  that  to  the  third,  and 
so  on,  from  plate  to  plate,  at  the 
alternate  ends,  until  it  arrives  at 
the  last  plate,  wherein  it  falls  into 
the  vessel  c,  by  the  pipe/;  each 
of  these  plates  is  furnished  with 
several  light  valves,  opening  up- 
wards, through  which  any  steam 
or  vapor  may  ascend ;  it  may  also 
be  perforated  with  holes,  but  they 
must  not  be  so  numerous  or  so 
large  as  to  allow  of  all  the  steam 
passing  through  them  without 
raising  the  valves ;  c  is  a  pipe  by 
which  the  alcoholic  vapor,  aAer 
it  has  been  analyzed,  and  has  acquired  the  proper  strength,  is  conducted  into  the  vessel 
<£,  which  is  made  perfectly  close ;  the  vapor  will  here  be  condensed  on  the  surface  of 
the  pipe  g,  g,  g;  fVom  this  chamber  it  will  descend  in  a  liquid  state  into  the  pipe  hy 
whence  it  may  be  conducted  to  a  worm  or  refrigerator,  to  be  cooled  in  the  ordinary  way; 
t  is  a  vessel  through  which  the  spent  wash  flows,  after  being  operated  upon  in  the  dis- 
tilling apparatus,  and  is  discharge^i  in  a  state  of  ebullition ;  ^  is  a  vessel  or  chamber  con* 
taining  the  wash  to  be  distilled.  A  force  pump  may  be  substituted,  to  force  the  wash 
through  the  pipes  k,  and  distilling  apparatus,  with  the  velocity  required. 

The  patentee  states  that  it  is  requisite  the  wash  should  be  passed  through  the  pipe  k 
with  sufficient  velocity  and  force,  so  as  to  prevent  the  deposition  of  sediment  in  the  pipe ; 
the  wash,  in  its  passage  through  the  pipe  k,  will  gradually  become  increased  in  tempera- 
ture as  it  passes  through  the  spent  wash  in  the  chamber,  and  the  close  vessel  tf,  until  it 
is  discharged  nearly  at  the  boiling  point  on  the  upper  plate  in  the  chamber,  where  it 
comes  in  contact  with  the  vapors  arising  from  the  vessel  a. 

It  is  to  be  observed  that  the  wort  does  not  reach  the  boiling  point  while  in  the  pipe  k,  k ; 
to  ascertain  which,  a  thermometer  is  placed  on  the  pipe,  and  by  increasing  or  diminish- 
ing the  quantity  of  wash,  its  temperature  may  be  regulated.  The  wash,  after  being 
discharged  from  the  pipe  k,  descends  from  plate  to  plate  as  before  mentioned,  at  which 
time  a  supply  of  steam  from  a  boiler,  or  generator,  is  admitted  into  the  apparatus,  through 
the  pipe. 

The  lower  part  of  this  pipe  in  the  vessel  a  is  pierced  with  a  number  of  small  holes, 
so  as  to  spread  the  steam  over  the  vessel ;  it  then  rises  upwards,  passing  through  the 
plate  by  the  small  holes  and  valves,  and  through  the  stratum  or  sheet  of  wash  flowing 
over  them ;  the  wash,  as  it  descends,  gives  out  a  portion  of  its  alcohol  to  the  steam,  as 
it  passes  over  every  plate,  until  it  is  entirely  deprived  of  its  spirit,  which  it  will  gene- 
rally do  by  the  time  it  arrives  at  the  7th  or  8th  plate;  but  it  is  better  to  employ  a  greater 
number,  to  guard  against  accidents  or  neglect. 

A  small  steam  pipe  rises  from  the  chamber  a,  with  its  upper  end  opening  into  the 
box  or  chamber ;  into  this  chamber  the  end  of  a  worm  projects  from  the  cistern  of  coM 
water ;  the  steam  rising  up  the  pipe  is  nearly  all  condensed  in  the  worm,  and  flows  back 
inta  the  chamber  a,  by  the  pipe.  The  small  portion  of  the  steam  uncondensed  is 
allowed  to  escape  at  the  upper  end  of  the  worm,  and  the  flame  of  a  small  lamp  or  taper 
is  to  be  constantly  kept  over  the  orifice ;  when,  should  the  least  quantity  of  alcohol 
descend  with  the  wash  into  the  chamber  a,  it  will  rise  with  the  steam  through  the  pipe 
and  worm,  and  immediately  take  fire  from  the  flame  of  the  lamp  or  taper,  thereby  warn- 
ing the  attendant  to  increase  the  supply  of  steam  or  diminish  the  quantity  of  wash,  at 
may  seem  necessary. 
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dmring  off  ihe  hot  WBler  rrom  the  sariace  j  /,  lube  for  the  npplr  rf  wW  w«ter,  1 
donblc  crlinder  of  tin  if  placed  in  the  relViKrialory,  o[  wtiieh  the  outer  ose,  m,  ■, 
■tuidi  upoo  three  Tect,  and  i>  rumiahed  with  a  disehar^  pipe  a.  The  iiBtr  Me, 
0,0,  which  ii  opeo  above,  rneivn  cold  water  through  (he  pipe  p,  and  lets  the  wub 
water  flow  off  Ihrough  the  ihori  lube  7  into  the  lefriseiatory.  Is  the  aarrow  qiaec  be- 
tween the  loo  cylinders,  the  npois  proceeding  froin  the  capital  are  eoodenaol,  and  !*■ 
off  in  the  liquid  Hale  through  a.  The  refrigeralorr  ii  made  oral,  ii  order  to  recei*e 
two  condenftcra  alongiidc  of  each  other  in  the  line  of  the  longer  aiia ;  tboagifa  omlj  oae, 
and  Ihal  in  the  middle,  is  represented  in  the  ^nre. 

STOCKING  MANUFACTURE.    See  Hoiiest. 

STONE  it  eutb}  matter,  condensed  into  »  hard  a  Hate  ai  to  ficH  onlf  to  Ihc  Uowl 
of  t  hammer,  and  (htrefore  well  adsiited  lo  the  purpose!  of  bnildio^.  Sacfa  wat  the 
care  of  ibe  aneienU  to  proride  strong  and  dnrable  materials  for  their  pnUic  edificM,  that 
but  for  the  dcsolatlag  hands  of  ciodein  barbarians,  in  peace  and  m  war,  noat  at  tbe 
tenples  and  other  poUic  monumeoli  of  Greece  and  of  Rome  would  hare  remained  per- 
fect at  Ihe  praenl  day,  nninjnred  by  the  elements  durini  iOOO  yean.  The  coatrnM,  it 
Oils  respect,  of  Ihe  worict  of  modem  archilecls,  especially  in  Great  Brilain,  U  tery 
homilialing  to  those  who  boast  so  loudly  of  social  advancement ;  fbr  Ihere  it  •carcel)'  s 
public  building  of  recent  date,  which  will  be  in  existence  one  thoasand  yean  beace. 
Many  of  tbe  most  splendid  works  of  modem  architeelure  are  baslening  to  decay,  in  what 
may  be  justly  cKlled  Ibe  very  Infancy  of  their  eiislence,  if  compared  with  the  dale  cf 
IhOK  erected  in  ancient  Ilsly,  Greece,  and  F.K)Tt.  This  is  remarliably  the  caae  with  the 
three  bridges  of  I^ndon,  Westminster,  and  Bbckfriart)  the  foondaltoni  of  which  bcfa 
to  perish  most  visibly  in  the  very  lifclime  of  Iheir  (onstrvelore.  Every  stooe  inleaM 
for  a  durable  edifice,  ought  to  be  tested  as  lo  its  darmbilily,  by  immersion  in  ■  aatnrated 
Mlotion  of  sulphate  of  soda,  and  exposnre  daring  some  day*  to  the  air.  Tbe  crystals- 
Mlioo  which  ensues  in  its  interior,  will  cau»e  tbe  same  disintefrstiaii  of  its  aabMucs 
wbick  frost  wmild  occasion  in  a  series  of  years. 

STONE,  ARTIFICIAL,  for  statuary  and  other  decorations  of  arcbitecine,  hsi 
been  made  for  several  years  with  singalar  fuceess  at  Berlin,  by  Mr.  Feilaer.  His 
naterials  are  nearly  Ibe  same  with  those  of  Enslish  pollery ;  and  the  plastic  mass  is 
bahioned  either  in  moulds  or  by  hand.  His  hilns,  which  are  prcnliar  ia  Ibnn,  and 
ccoDomicat  in  fuel,  deserve  lo  be  geDcrally  known.  Figi.  1069  and  1070  rrpreseni  his 
nuBd  kiln;  Jig.  1069  being  an  oblique  section  in  the  line  A,  i,  c,  of  Jig.  1070,  which  is 
a  ground  plan  in  the  line  d,  a,  i,  r,  "(fig-  1069.  The  inner  circntar  space  r,  covo^ 
with  Ihe  elliptical  arch,  is  filled  with  the  figures  to  be  baked,  set  npon  brick  tappatts, 
The  hearth  is  a  few  feel  above  the  ground  ;  and  Ihere  are  step*  before  the  door  i,  tat 
the  workmen  lo  mount  by,  in  charging  the  kiln.  The  fire  is  applied  on  tbe  foor  aides 
anderthe  heanh.  The  flame  of  each  passes  along  the  straight  flnei/i,/t,Biid/fc.  H 
tbe  second  annular  flue  g,  g,  as  also  in  the  third  J,  1,  the  flame  of  each  fire  is  kept  ap*i% 
keiag  separated  from  (he  adjoining  by  the  stones  h  and  in.  In  the  foorlh  floe  a,  iht 
lames  again  come  logethei,  as  also  in  0,  and  ascend  by  the  middle  opening.  Betita 
thi*  large  orifice,  there  are  several  small  holes,  p,  p,  in  the  hearlh  over  tbe  above  hei^ 
10  lead  the  flames  from  Ihe  otber  points  into  contact  with  the  variong  artictea-  TImm 
•re  also  channels,  g,  q,  in  tbe  sides,  enclosed  by  thin  walls,  r,  to  jnomol*  Ihc  eqwbtt 
diHribalioa  of  tbe  beat  1  and  these  ara  placed  right  orer  the  int  tre4nM  «.    Tkt 
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BantM  into  Ihe  upper  space  «  which  a  osnally  left  rmptr.  Thae  venU  san  be  doted 
by  iron  damper-platcB,  poshed  in  Ihroagh  the  ilde->1iti  of  the  dame.  (,  I,  are  peep-hole*, 
(or  obaerring  Ihe  >u[e  of  iinilion  in  Ihe  furnace;  bat  ihty  are  moat  cammonly  bricked 
np.  fig.  lOTI  is  a  Tertieal  Bection,  and  fig.  1072,  a  plan  oTan  ricellent  kila  for  baking 
clii;  lo  a  Blonr  consisteoc*,  for  [he  above  parpoae,  or  for  burning  of  brickg.  a,  is  the 
lower ;  b,  the  middle ;  c,  (he  upper  kiln ;  and  i,  Ihe  hood, 
1071  [erminating  in  Ihe  chiEcney ;  1,0,11  the  tuh-pil ;  b,  b,  Ihe 

vault  for  raking  oul  the  ashes ;  il  is  covered  with  an  iron 
door  c.  d,  is  the  peep-hole,  filled  vith  a  clay  stopper;  «, 
is  the  fire-place;  /,/,  ■  rent  in  the  middle  of  each  arch; 
g,  g,  floes  at  the  aides  of  Ihe  arches,  litnated  between  the 
two  fire-places ;  K,  t,  k,  are  apertares  for  introdaeing  tite 
articles  to  be  baked ;  I,  a  grate  for  the  fire  in  Ihe  npper- 
t  kiln ;  m,  the  uh-pil ;  n,  the  fire-door ;  o,  open- 
,ff,a  ings  through  which  Ihe 

'"'*  flames  of  a  second  fire 

are  thrown  in.  At  first, 
only  Ihe  gronnd  kiln  a, 
is  fired,  with  clefl  bit1et« 
of  pine-wood;  introduced 
al  the  opening  <;  when 
this  is  finished,  the  »r- 
Cond  is  fired  j  and  then 
the  thinj,  in  like  n»n 
net.  This  kiln  is  verv 
like  the  porcelain  kiln  Oi 
SAires,  and  is  employed 
in  maoT  places  Ibi  ba. 
king  stoneware. 

Mr.  Keene  obtained  a  palent,  about  a  Tear  ago,  for  making  a  faelilious  slone-piste  in 
the  following  wsy  ; — He  dissolves  one  pound  of  alum  in  a  ^lon  of  water,  and  in  (his 
solution  he  soaks  eighty-four  pounds  of  gypsum  calcined  in  smalt  lumps.  He  exposes 
these  lumps  in  the  open  air  for  aboot  eight  days,  till  they  become  apparently  dry,  and 
then  calcines  them  in  an  oven  at  a  dull-ted  heaL  The  waste  heal  of  a  coke  oven  it  well 
adapted  for  this  purpose.  {See  Pitcoal,  cokwo  or.)  These  lumps  being  ground  and 
sined,  afford  a  fine  powder,  which,  when  made  up  into  a  paste  with  the  proper  quantity 
of  water,  forma  the  petrifying  gronnd.  The  mass  soon  concretes,  and  oiler  being  brushed 
over  with  a  thin  layer  of  the  petrifying  paste,  may  be  polished  with  pumice,  jlc.,  in  the 
usual  way.  I(  then  affords  a  body  of  great  compactness  and  dnrabilily.  If  half  a  pound 
of  copperas  be  added  to  Ihe  solution  of  the  alum,  the  gypsum  paste,  treated  as  sboTC,  has 
a  floe  cream  or  yellow  color.  This  stone  stands  the  weather  well. 
STONEWARE.  {Faytnct,  Fr. ;  SIthigui,  Germ.)  See  Pottkbt. 
STORAX,  STYRAX,  flows  fhim  the  twigs  and  Ihe  trunk  of  the  Liquidam^  ilyraci- 
flua,  a  tree  which  grows  in  Louisiana,  Virginia,  and  Mexico.  Liqnidamber,  as  Ihu  re- 
sin it  also  called,  is  a  brown  or  ash-giay  snhstauee,  of  the  consistence  of  turpentine, 
which  dries  up  rapidly,  has  an  agreeable  smell,  like  benxoln,  and  ■  bitterish,  sharp, 
burning  Catle.    It  ditsolTci  in  fonr  parts  of  alcohol,  and  iBbrds  1'4  per  cent,  ot  bcniote 
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STOVE  (PoiUy  Cahrifcrty  Ft.  ;  0/en,  G«nD.)»  is  a  fire-place,  more  or  Icfs  close,  ibr 
wanning  apartments.  When  it  allows  the  baming  coals  to  be  seen,  it  is  called  a  stor^ 
grate.  Hitherto  stoves  have  rarely  been  had  recourse  to  in  this  country  for  heating  oir 
sitting-rooms ;  the  cheerful  blaze  and  ventilation  of  an  open  fire  being  generally  prefer- 
red. But  last  winter,  by  its  inclemency,  gave  birth  to  a  vast  mnltitode  of  projects  for 
increasing  warmth  and  economizing  fuel,  many  of  them  eminently  insalabrious,  by  pre* 
venting  due  renewal  of  the  air,  and  by  the  introduction  of  noxious  fames  into  it.  Whet 
coke  is  burned  very  slowly  jn.  an  iron  box,  the  carbonic  acid  gas  which  is  generated, 
being  half  as  heavy  again  as  the  atmospherical  air,  cannot  ascend  in  the  chimney  at  tke 
temperature  of  300°  F. ;  but  regurgitates  into  the  apartment  through  every  pore  of  the 
stove,  and  poisons  the  atmosphere.  The  large  stoneware  stoves  of  France  aiid  Gemnay 
are  free  from  this  vice ;  because,  being  fed  with  fuel  from  the  outside,  they  cannot  pia- 
duce  a  reflux  of  carbonic  acid  into  the  apartment,  when  their  draught  becomes  feeble, « 
inevitably  results  from  the  obscurely  burning  stoves  which  have  the  doors  of  the  fiie-pUce 
and  ash-pit  immediately  above  the  hearth-stone. 

I  have  recently  performed  some  careful  experiments  upon  this  subject,  and  find  thit 
when  the  fuel  is  burning  so  slowly  in  the  stove  as  not  to  heat  the  iron  surface  above  the 
250th  or  300th  degree  of  Fahr.,  there  is  a  constant  deflux  of  carbonic  acid  gas  from  the 
ash-pit  into  the  room.  This  noxious  emanation  is  most  easily  evinced  by  applying  the 
beak  of  a  matrass,  containing  a  little  Goulard's  extract  (solution  of  subacetate  of  lead), 
to  a  round  hole  in  the  door  of  the  ash-pit  of  a  stove  in  this  languid  state  of  comfaostioa. 
In  a  few  seconds  the  liquid  will  become  milky,  by  the  reception  of  carbonic  acid  gas.  I 
shall  be  happy  to  aflbrd  ocular  demonstration  of  this  fact  to  any  incrednloos  votaiy 
of  the  pseudo-economical,  anti-ventilation  stoves,  now  so  much  in  vogue.  There  is  is 
mode  in  which  the  health  and  life  of  a  person  can  be  placed  in  more  insidious  jeopardy, 
than  by  silting  in  a  room  with  its  chimney  closed  up  with  such  a  choke-damp-vomitiBg 
stove. 

That  fuel  may  be  consumed  by  an  obscure  species  of  combustion,  with  the  emiasioB  of 
very  little  heat,  was  clearly  shown  in  Sir  H.  Da^7's  Researches  on  Flame.  **  The  fiKts 
detailed  on  insensible  combustion,"  says  he,  <'  explain  why  so  much  more  heat  is  obtained 
from  fuel  when  it  is  burned  quickly,  than  slowly ;  and  they  show  that,  in  all  cases,  the 
temperature  of  the  acting  bodies  should  be  kept  as  high  as  possible ;  not  only  becaote 
the  general  increment  of  heat  is  greater,  but  likewise  because  those  combinations  are 
prevented,  which,  at  lower  temperatures,  take  place  without  any  considerable  produetioa 
of  heat.  These  facts  likewise  indicate  the  source  of  the  great  error  into  which  expefi- 
menters  have  fallen,  in  estimating  the  heat  given  out  in  the  combustion  of  charcoal;  and 
they  indicate  methods  by  which  the  temperature  may  be  increased,  and  the  limits  to 
certain  methods."  These  conclusions  are  placed  in  a  strong  practical  light  by  the  foDow. 
ing  simple  experiments : — I  set  upon  the  top  orifice  of  a  small  cylindrical  stove,  a  hemis- 
pherical copper  pnn,  containing  six  pounds  of  water,  at  60°  F.,  and  burned  briskly  under 
it  three  and  a  half  pounds  of  coke  in  an  hour;  at  the  end  of  which  time,  four  and  a  half 
pounds  of  water  were  boiled  of\\  On  burning  the  same  weight  of  coke  slowly  in  the 
same  furnace,  mounted  by  the  same  pan,  in  the  course  of  twelve  hours,  little  more  thai 
one  half  the  quantity  of  water  was  exhaled.    Yet,  in  the  first  case,  the  aerial  products 

of  combustion  swept  so  rapidly  over  the  bottom  of  the 
pan,  as  to  communicate  to  it  not  more  than  one  fourth  of 
the  effective  heat  which  might  have  been  obtained  by  oae 
of  the  plans  described  in  the  article  Evaporation  ;  while 
in  the  second  case,  these  products  moved  at  least  twelve 
times  more  slowly  across  the  bottom  of  the  pan,  and  ooght 
therefore  to  have  been  so  much  the  more  elective  in  eva- 
poration, had  they  possessed  the  same  power  or  quantity 
of  heat. 

Stoves,  when  properly  constructed,  may  be  employed 
both  safely  and  advantageously  to  heat  entrance-halls  apoi 
the  ground  story  of  a  house ;  but  care  should  be  taken  not 
to  vitiate  the  air  by  passing  it  over  ignited  surfaces,  as  is 
the  case  with  most  of  the  patent  stoves  now  foisted  upon 
the  public.    Fig,  1073  exhibits  a  vertical  section  of  a 
stove  which  has  been  recommended  for  power  and  econo- 
my; but  it  is  highly  objectionable,  as  being  apt  to  scorch 
the  air.     The   flame   of  the   fire   A,   circulates   round 
the  horizontal  pipes  of  cast-iron,  6,  6,  c,  c,  d,  <f,  e,  c, 
which   receive  the    external   air   at  the  orifice  6,  and 
conduct  it  up  through  the  series,  till  it  issues  highly  heated  at  k,  l,  and  may  be  thence 
conducted  wherever  it  is  wanted.    The  smoke  escapes  through  the  chimney  b.    This 
stove  has  evidently  two  prominent  faults ;  first,  it  heats  the  air-pipes  very  unequally. 
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the  undermost  far  too  much ;  secondly,  the  air,  by  the  ti  ne  it  has  ascended  through 
zigzag  range  to  the  pipe  e  e,  will  be  nearly  of  the  same  temperature  with  it,  and  will 
'efore  abstract  none  of  its  heat.    Thus  the  upper  pipes,  if  there  be  several  in  the  range, 

be  quite  inoperative,  wasting  their  warmth  upon  the  sooty  air. 
Hg,  1074  exhibits  a  transverse  vertical  section  of  a  far  more  economical  and  powerful 
«,  in  which  the  above  evils  are  avoided.    The  products  of  combustion  of  the  fire  a, 
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rise  up  between  two  brick  walls,  so 
as  to  play  upon  the  bed  of  tiles  b, 
where,  aAer  communicating  a 
moderate  heat  to  the  series  of  slan^ 
ing  pipes  whose  areas  are  represenl- 
ed  by  the  small  circles,  a,  a,  they 
turn  to  the  right  and  leA,  and  circth- 
late  round  the  successive  rows  of 
pipes  bb,  c  Cyd  dfte,  and  finally  es- 
cape at  Uie  bottom  by  the  flues  g,  g, 
pursuing  a  somewhat  similar  path  to 
that  of  the  burned  air  among  a 
bench  of  gas-light  retorts.  It  is 
known,  that  two  thirds  of  the  fuel 
have  been  saved  in  the  gas-works  by 
this  distribution  of  the  furnace.  For 
the  purpose  of  heating  apartments, 
the  great  object  is  to  supply  a  vast 
body  of  genial  air;  and,  therefore, 
merely  such  a  moderate  fire  should 
be  kept  up  in  a,  as  will  suffice  to 
warm  all  the  pipes  pretty  equably  to 
temperature  of  220°  Fahr. ;  and,  indeed,  as  they  are  laid  with  a  slight  slope,  are  opea 
he  air  at  their  under  ends,  and  terminate  at  the  upper  in  a  common  main  pipe  or  tun- 
,  they  can  hardly  be  rendered  ver>'  hot  by  any  intemperance  of  firing.  I  can  safely 
)mmend  this  stove  to  my  readers.  If  the  tubes  be  made  of  stoneware,  its  construction 
I  cost  very  little;  and  they  may  be  made  of  any  size,  and  multiplied  so  as  to  carry  off 
whole  effective  heat  of  the  fuel,  leaving  merely  so  much  of  it  in  the  burned  air,  as  to 
\  it  fairly  up  the  chimney. 

shall  conclude  this  article  by  a  short  extract  of  a  paper  which  was  read  before  the 
ral  Society,  on  the  16th  of  June,  1836,  upon  warming  and  veniilating  apartment*;  a 
ject  to  which  my  mind  had  been  particularly  turned  at  that  time,  by  the  Directors 
the  Customs  Fund  of  Life  Assurance,  on  account  of  the  very  general  state  of  indis- 
ition  and  disease  prevailing  among  those  of  their  officers  (nearly  100  in  number)  en- 
fed  on  duty  in  the  Long  Room  of  the  Custom  House,  London. 

'  The  symptoms  of  disorder  experienced  by  the  several  gentlemen  (about  twenty  in 
nber)  whom  I  examined,  out  of  a  great  many  who  were  indisposed,  were  of  a  very 
form  character.  The  following  is  the  result  of  my  researches  : — 
'  A  sense  of  tension  or  fulness  of  the  head,  with  occasional  flushings  of  the  coun- 
ance,  throbbing  of  the  temples,  and  vertigo,  followed,  not  unfrequently,  with  a  con- 
ion  of  ideas,  very  disagreeable  to  officers  occupied  with  important  and  sometimes 
icate  calculations.  A  few  are  aflected  with  unpleasant  perspiration  on  their  sides. 
e  whole  of  them  complain  of  a  remarkable  coldness  and  languor  in  their  extremities, 
re  especially  the  legs  and  feet,  which  has  become  habitual,  denoting  languid  cir- 
ation  in  these  parts,  which  requires  to  be  counteract^  by  the  application  of  warm 
inels  on  going  to  bed.  The  pulse  is,  in  many  instances,  more  feeble,  frequent,  sharp, 
1  irritable,  than  it  ought  to  be,  according  to  the  natural  constitution  of  the  individuals, 
e  sensations  in  the  head  occasionally  rise  to  such  a  height,  notwithstanding  the  most 
iperate  regimen  of  life,  as  to  require  cupping,  and  at  other  times  depletory  remedies, 
stiveness,  though  not  a  uniform,  is  yet  a  prevailing  symptom. 

*  The  sameness  of  the  above  ailments,  in  upwards  of  one  hundred  gentlemen,  at  very 
ions  periods  of  life,  and  of  various  temperaments,  indicates  clearly  sameness  in  the 


'The  temperature  of  the  air  in  the  Long  Room  ranged,  in  the  three  days  of  my  expe- 
lental  inquiry,  from  62°  to  64°  of  Fahrenheit's  scale ;  and  in  the  Examiner's  Room  it 
t  about  60°,  being  kept  somewhat  lower  by  the  occasional  shutting  of  the  hot-air 
[ve,  which  is  here  placed  under  the  control  of  the  gentlemen ;  whereas  that  of  the 
ng  Room  is  designed  to  be  regulated  in  the  sunk  story,  by  the  fireman  of  the  stove, 
o  seems  sufficiently  careful  to  maintain  an  equable  temperature  amidst  all  the  Ticia- 
idet  of  our  winter  weather.    Upon  the  7th  of  January,  the  temperature  of  the  open 
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«ir  was  50*;  and  on  ihe  llth  it  was  only  3d° ;  yet  vpoa  both  days  the  thennomelcr  ii 
the  Long  Room  indicated  the  tame  heat,  of  from  62°  to  64®. 

<<  The  hot  air  discharged  from  the  two  cylindrical  stovMiiaDels  into  the  Loag  Bo« 
was  at  90*  upon  the  7t^  and  at  110°  upon  the  llth.  This  air  is  dUoied,  lMyweTcr,sii 
disguised,  by  admixture  with  a  column  of  cold  air,  before  it  is  allowed  to  escape.  Ik 
sir,  on  the  contrary,  which  heaU  the  Examiner's  Room,  undergoes  no  snch  mollificsliwb 
and  comes  forth  at  once  in  an  ardent  blast  of  fully  170^;  not  onlike  the  siiDoam  cf  Ike 
desert,  as  described  by  travellers.  Had  a  similar  nuisance,  on  the  greater  scale,  eutoi 
in  the  Long  Room,  it  could  not  have  been  endured  by  the  merehmnts  and  other 
on  business :  but  the  disguise  of  an  evil  is  a  very  different  thing  fitMn  its 
The  direct  air  of  the  stove,  as  it  enters  the  Examiner's  Room,  possesses,  in  an 
degree,  the  disagreeable  smell  and  flavor  imi>arted  to  air  by  the  action  nC  red-hot  Mi; 
and,  in  spite  of  every  attention  on  the  part  of  the  fireman  to  sweep  the  Mse 
apparatus  from  time  to  time,  it  carries  along  with  it  abundance  of  bomed  dai^ 
particles. 

^  The  leading  characteristic  of  the  air  in  these  two  rooms,  is  its  dryness  and  di9a^» 
able  smell.  In  the  Long  Room,  upon  the  llth,  the  air  indicated,  bj  Daniell'ft  h^ii' 
meter,  70  per  cent,  of  dryness,  while  the  external  atmosphere  was  nearly  saturated  Hk 
moisture.  The  thermometer  connected  with  the  dark  bulb  of  that  instroment  stood  tt 
30°  when  dew  began  to  be  deposited  upon  it ;  while  the  thermometer  in  the  air  stood  tf 
64°.  In  the  court  behind  the  Custom-hou^,  the  external  air  being  at  35^,  dewsn 
deposited  on  the  dark  bulb  of  the  hygrometer  by  a  depression  of  only  3° ;  whereii  ii 
the  Long  Room,  on  the  same  day,  a  depression  of  34°  was  required  to  prodnce  tkft 
deposition.  Air,  in  such  a  dr>'  stale,  would  evaporate  0  44  in  depth  of  water  fisBi 
cisiem  in  the  course  of  twenty-four  hours ;  and  its  influence  on  the  cutaneoas  rihsirti 
must  be  proportionably  great. 

*<  As  cast  iron  always  contains,  besides  the  metal  itself,  more  or  less  carbon,  isl]Aii^ 
phosphorus,  or  even  arsenic,  it  is  possible  that  the  smell  of  air  passed  over  it  ii  M 
incandescent  state,  may  be  owing  to  some  of  these  impregnations ;  for  a  qnsatitr  4 
noxious  effluvia,  inappreciably  small,  is  capable  of  afl'ecting  not  only  the  oUkloir 
nerves,  but  the  pulmonary  organs.  I  endeavored  to  test  the  air  as  it  issued  fron  Ikt 
Talve  in  the  Examiner's  Room,  by  presentini?  to  it  pieces  of  white  paper  moistened  vii 
a  solution  of  nitrate  of  silver,  and  perceived  a  slight  darkening  to  take  place,  as  if  kf 
sulphurous  fumes.  White  paper,  moistened  with  sulphureted  hydrogen  water,  VM 
not  in  the  least  discolored.  The  faint  impression  on  the  first  test  paper,  may  H 
probably,  ascribed  to  sulphurous  fumes,  proceeding  from  the  ignition  of  the  myriads  of 
animal  and  vegetable  matters  which  constantly  float  in  the  atmosphere,  as  may  be  tM 
in  the  sunbeam  admitted  into  a  dark  chamber :  to  this  cause,  likewise,  the  oflisaii 
smell  of  air,  transmitted  over  red-hot  iron,  may  in  some  measure  be  attribnted,  aswd 
as  to  the  hydrogen  resulting  from  the  decomposition  of  aqueous  vapor,  always  pmol 
in  our  atmosphere  in  abundance;  especially  close  to  the  banks  of  the  Thames, bdvt 
London  Bridge. 

<<  When  a  column  of  air  sweeps  furiously  across  the  burning  deserts  of  Affiea  mi 
Arabia,  constituting  the  phenomenon  called  simoom  by  the  natives,  the  air  becoKi 
not  only  ver}'  hot  and  dry,  but  highly  electrical,  as  is  evinced  by  lightning  and  thosdcr. 
Dry  sands,  devoid  of  vesetation,  cannot  be  conceived  to  communicate  any  noxioos  gii 
or  vapor  to  the  atmosphere,  like  the  malaria  of  marshes,  called  miasmata  ;  it  is»  keMii 
highly  probable  that  the  blast  of  the  simoom  owes  its  deadly  malignity,  in  lefeicsce  li 
animal  as  well  as  vesetable  life,  simply  to  extreme  heat,  dryness,  and  electrical  diitiih> 
ance.  Similar  conditions,  though  on  a  smaller  scale,  exist  in  what  is  called  the  beil,sr 
cockle,  apparatus  for  heating  the  Long  Room  and  the  Examiner's  apartment  is  ikt 
Custom-house.  It  consists  of  a  series  of  inverted,  hollow,  flattened  pyramids  of  eol 
iron,  with  an  oblong  base,  rather  small  in  their  dimensions,  to  do  their  work  snfficiesllf 
in  cold  weather,  when  moderately  heated.  The  inside  of  the  pyramids  is  exposed  to 
the  flames  of  coke  furnaces,  which  heat  them  frequently  to  incandescence,  while  curKSli 
of  cold  air  are  directed  to  their  exterior  surfaces  by  numerous  sheet-iron  chansdi 
The  incandescence  of  these  pyramids,  or  bells,  as  they  are  vulgarly  called,  was  profed 
by  pieces  of  paper  taking  fire  when  I  laid  them  on  the  summits.  Again,  since  air  be> 
comes  electrical  when  it  is  rapidly  blown  upon  the  surfaces  of  certain  bodies,  it  o^ 
curred  to  me  that  the  air  which  escapes  into  the  Examiner's  Room  might  be  in  tkii 
predicament.  It  certainly  excites  the  sensation  of  a  cobweb  playing  round  the  bed, 
which  is  well  known  to  all  who  are  familiar  with  electrical  machines.  To  detensise 
this  point,  I  presented  a  condensing  gold-leaf  electrometer  to  the  said  cnrreat  of  hit 
air,  and  obtained  faint  divergence  with  negative  electricity.  The  electricity  must  be 
impaired  in  its  tension,  however,  in  consequence  of  the  air  escaping  throogh  an  iroa 
grating,  and  striking  against  the  flat  iron  valves,  both  of  which  toid  to  restore  the 
tlectric  equilibrium.    The  air  blast,  moreover,  by  being  diflVised  ronnd  the  glass  of  tk 
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■r  apfinratiM,  vnuM  somenhit  mssk  the  nppeBfances.     Were  it  worth  while,  ai 
Vtqwntiix  miiihl  b«  r«a>lily  conotruFleil  Tor  dplerminin;    Ibit  poial,  vithoul  uif  aud 
■onroH  or  rsllnr;.    The  influracc  oT  sd  slaiDsphere  chtu^fd  wUb  eleclricily  in  eidtii^   1 
beadaetig  and  eonfuiioD  of  Ihuuifhl  in  nwnf  peraonii,  i>  uniremllj  known.  J 

"  Tbc  felid  barnod  odoi  of  Ihc  Move  air,  anil  ill  eiutiiTO  ■vidily  for  moislarr,  art  tt   I 
llMtnKlTM.  bowf  ver,  mfficieot  esuiiei  of  the  geneikl  inditponlioo  produced  unong  ' 
paJimcil  who  arc  penMneDlIf  exposed  to  il  in  the  ili«cbarge  of  their  poblie  dalies. 

•■  Pram  there  being  aearlf  a  vacuum,  u  in  nqueam  vapor,  in  Ihe  uid  air,  while  tt 
b  Basrlf  a  plenum  in  the  external  atmoaphere  round  aboul  Ihe  Cuntom -house,  the  viei 
lndt»  (>f  feeling  in  those  who  have  (lecnston  lo  en  out  and  in  frequenltr,  must  be  bighlf  I 
dcuioMdlAl  ro  bcillh.  The  permaneiu  aelion  of  an  artificial  desiccated  air  on  the  Blli>  1 
Bll  eCDoomy  may  be  stated  as  lallowt ; —  I 

"  The  livini  body  ii  continaoJI]-  emiiiiu!  a  Iranapirable  mUler,  Ihe  quaniily  of  whidk  % 
a  a  grown  u|<  iobd,  will  depend  partly  on  Uie  aclivily  of  the  eiilaneons  eahalonls,  MB  ^ 
partly  on  the  reUtire  dryness  or  moislure  of  lb«  circumamUenl  medium. 
UMHial.  ia  cummDn  circamslaDcei,  has  been  eslimaled  at  20  oanera  in  Iweoiy-foqi  1 

"  Whea  plunged  in  a  very  dry  air,  the  iatensiblc  perspiralion  will  be  increased ;  aad,  ■*  \ 
b  is  a  true  erapnration  or  gasdaetion,  Jl  wilt  generate  cold  proporlkinxbty  to 
Those  parts  or  the  body  which  are  most  insulated  in  Ihc  air,  and  furthest  IVom  tlw   1 
t««n,  nch  01  Ihc  extrcmilies,  will  Teel  this  refrigeraliog  iaSueace  mosi  poweiliiUjk  } 
Biacc  the  coldness  ot  the  bandt  and  Tcel,  su  generally  felt  by  the  inroales  of  llie  apotfr  1 
n*at,  though   lis  temperature  he  at  ur  above  60*.    The  brain,  being  screened  by  tl«  4 
stati  (turn  ihiK  rvaporatiut  influence,  will  remain  relatively  hoi,  and  will  get  surcharfti* 
bMide*.  with  llie  fluids  which  ore  repetJed  Tram  the  eilremilies  by  the  c<iTulen«aiia%.  1 
w  RMiUaelion,  or  the  btuoU-iessels,  eauseil  by  cold.    Hence  Ihe  airecliaits  of  the  hea%  I 
wdl  a>  tension,  and  its  dangeroua  conse<iiienc«.    If  seni-ible  pertpiralian  hn|ipen,  frc 
Inhililj.  to  break  forth  ttoax  a  syilem  previously  relaxed,  and  plunged  into  dry  air, 
Unetivc  of  rapor.  it  will  be  of  the  kiul  colled  a  paid  clammy  fweui  on  the  sktet  oi 
fad,  ■•  experienced  by  manf  inmnlei  ofthe  Long  Room. 

■■  meh,  in  my  humble  npprehentian,  is  a  rationale  of  Ihe  phcrtomenn  obierved  at  11 
Ckatoa-Iionse.    Similar  eSccls  have  resulted  from  hot-air  stoics  of  a  sunilar  kmd  !■    , 
BaB*  Mtier  siioationa. 

"  AAer  the  most  mature  physic*!  and  medical  iavetligatioD,  I  am  of  opinion  that  Um  I 
dECamatanceS  above  specified  cannot  act  permanently  upon  butnan  being*,  wilhiiHI  n 
^Irinf  their  eonstitntioua,  and  reducing  Ibe  vslaa  of  their  livet.    The  Direelona 
ft*  rfHtiprrn  Tudd  are  therefore  justified  in  Iheir  apprehenaions,  '  Ibat  the  mode  of  bM, . 
,.-  ....  I    ....  i)„nm  is  injurious  lo  Ihe  health  of  persons  employed  therein,  and  that  It  .  j 
T'ln  Ihe  duration  of  lifa.*  I 

Hilled,  at  a  general  principle,  that  Ihe  comfort  of  sedentary  iadividnal^  I 

I  nrlmenu  daring  the  winter  monlhs,  cannot  be  adcqualrlv  aeeuttd  kf  J 
r  hut  air  from  separate  stove  nmnis:  it  requires  the  genial  inaaeMM~ 

I  in  the  apanmenis  thcmsMvc*,  tuch  oa  of  open  flrrs,  of  pipe*,  ai 

I   with  hot  water  ur  ileom.    The  clnihinc  at  our  bodies  eiiioied  li 

II  1  pure,  fresh,  somewhat  eon  I  nnd  braciuE  air,  abnorto  a  much  man 

..  !i  ihan  it  coald  acquire  by  helm  merely  immersed  In  an  atmnsphail  I 
I     '  ''."  Pahr.,  like  that  of  the  Long  Boom.    In  Ihe  fbiMer  piedicamfBL  J 
the  tunzi  arr  supplied  with  a  Tctativdy  dense  air,  wj  at  52*  Tahr. ;  while  tbe  i  MialM  J 
HrOeeor  the  body  or  the  etothine  ia  naintaintd  at,  perhn|K,  70'  or  T.V.    Tbtsdl 


,  and  which  tlie  English  people  woul'l  do  well  lo  keep  in  view  i  becaMt-l 
r  iliimeitic  apartments  being  heated  by  open  Grcc,  and  our  factories  tm  | 
!  The  health  of  our  population,  and  Ihe  eipeclaiion  of  life  among  a&  I 
■iniry,  are  so  buch  better  than  in  Prauce  and  Ocrmanj,  where  hot-air  1 
'.TFetblc  nor  iaoBeiuivc,  and  in  endless  variety  of  form,  ore  general^   I 

e  to  you  ID]'  Ann  eonltetion  that  Ihe  only  melb<4  1 
biidlary  amrlini.'nts,  cOmbioing  lalDbrily,  <afel|^  J 
ice  m  erection  and  durable  eomfurt  ia  nw,  is  by  a  a*ri«%  J 
lloflf,  at  the  line  uf  Ihe  detk  partitions,  in  suitable  le 
i''^  rising  over  Ihe  aeTBrail  dourwaya,  lo  keep  Ibe  | 
:illow  a  free  expaniiun  aad  contractino  ia  Ihi 
ii  noundneis  of  the  joints." 

I  construct  a  stove  or  stove.(rale  which  shonU  eoniWM  ' 
ling  an  apartment,  with  brlskneu  of  combualiua  and  diu> 
nations  dcBui  of  catbanie  ocU.    Sec  CmiDin. 


1196  STRONTIA. 

STRASS;  sc€  Pastes. 

STRAW-HAT  MANUFACTURE.  The  mode  of  preparing  the  Tosctij  m 
Italian  straw,  is  by  pulling  the  bearded  wheat  while  the  ear  is  in  a  soft  milky  state,  Ik 
corn  having  been  sown  very  close,  and  of  consequence  produced  in  a  thin,  short, «i 
dwindled  condition.  The  straw,  with  its  ears  and  roots,  is  spread  oat  thinly  opoalke 
ground  in  fine  hot  weather,  for  three  or  four  days  or  more,  in  order  to  dry  the  sip;  I 
is  then  tied  up  in  bundles  and  stacked,  for  the  purpose  of  enabling  the  heat  of  the  mm 
to  drive  off  any  remaining  moisture.  It  is  importaat  to  keep  the  ends  of  the  straw  as* 
tight,  in  order  to  retain  the  pith,  and  prevent  its  gummy  particles  firom  passing  cff  If 
evaporation. 

After  the  straw  has  been  about  a  month  in  the  mow,  it  i^remoTed  to  a  meadow  «i 
spread  out,  that  the  dew  may  act  upon  it,  together  with  the  sun  and  air,  and 
the  bleaching,  it  being  necessary  frequently  to  turn  the  straw  while  this  process  is  j 
on.  The  first  process  of  bleaching  being  complete,  the  lower  joint  and  root  is  piM 
from  the  straw,  leaving  the  upper  part  fit  for  use,  which  is  then  sorted  accoidisg> 
qualities ;  and  after  being  submitted  to  the  action  of  steam,  for  the  purpose  of  extradHf 
its  color,  and  then  to  a  fumigation  of  sulphur,  to  complete  the  bleaching,  the  straws  ac 
in  a  condition  to  be  platted  or  woven  into  hats  and  bonnets,  and  are  in  tluit  state  impeilBi 
into  England  in  bundles,  the  dried  ears  of  the  wheat  being  still  on  the  straw. 

Straw  may  be  easily  bleached  by  a  solution  of  chloride  of  lime,  and  also  by  suli^mriii^ 
For  the  latter  purpose,  a  cask  open  at  both  ends,  with  its  seams  papered,  is  to  be  M 
upright  a  few  inches  from  the  ground,  having  a  hoop  nailed  to  its  inside,  abost  n 
inches  beneath  the  top,  to  support  another  hoop  with  a  net  stretched  across  it,  ipM 
which  the  straw  is  to  be  laid  in  successive  handfuls  loosely  crossing  each  other.  Thi 
cask  having  been  covered  with  a  tight  overlapping  lid,  stuffed  with  lists  of  dolk,t 
brasier  of  burning  charcoal  is  to  be  inserted  within  the  bottom,  and  an  iron  diskesi- 
taining  pieces  of  brimstone  is  to  be  put  upon  the  brasier.  The  brimstone  soon  tifcs 
fire,  and  fills  the  cask  with  sulphurous  acid  gas,  whereby  the  straw  gets  bleached  ia  Ik 
course  of  three  or  four  hours.  Care  should  be  taken  to  prevent  such  a  Tiolent  rfimhiitfM 
of  the  sulphur  as  might  cause  black  burned  six>ts,  for  these  cannot  be  aAerwards  reowni 
The  straw,  afler  being  aired  and  softened  by  spreading  it  upon  the  grass  for  a  aigH 
is  ready  to  be  split,  preparatory  to  dyeing.  Blue  is  given  by  a  boiling-hot  solntioa  if 
indigo  in  sulphuric  acid,  called  Saxon  blue,  diluted  to  the  desired  shade ;  yellow,  by  ilk 
eoction  of  turmeric ;  red,  by  boilin?  hanks  of  coarse  scarlet  wool  in  a  bath  of  weak  ate 
water,  containing  the  straw ;  or  directly,  by  cochineal,  salt  of  tin,  and  tartar.  Bnd 
wood  and  archil  are  also  employed  for  dyeing  straw.  For  the  other  colors,  see  their » 
spective  titles  in  this  Dictionary. 

STRETCHING  MACHINE.  Cotton  goods  and  other  textile  fabrics,  cilhs 
white  or  printed,  are  prepared  for  the  market  by  being  stretched  in  a  proper  madui^ 
which  lays  all  their  warp  and  woof  yams  in  truly  parallel  positions.  A  very  ingesiiMi 
and  effective  mechanism  of  this  kind  was  made  the  subject  of  a  patent  by  Mr.  SaMd 
Morand,  of  Manchester,  in  April,  1834,  which  serves  to  extend  the  width  of  calico  pieeci^ 
or  of  other  cloths  woven  of  cotton,  wool,  silk,  or  flax,  after  they  have  become  shrnakk 
the  processes  of  bleaching,  dyeing,  &c.  I  regret  that  the  limits  of  this  Tolome  will  sit 
admit  of  its  description.  The  specification  of  the  patent  is  published  in  Newton's 
nal,  for  December,  1835. 

STROKtTA,  one  of  the  alkaline  earths,  of  which  atrontium  is  the  metallic 
occurs  in  a  crystalline  state,  as  a  carbonate,  in  the  lead  mines  of  Strontian  in  Argyll 
shire,  whence  its  name.  The  sulphate  is  found  crystallized  near  Bristol,  and  in  sevenl 
other  parts  of  the  world ;  but  strontitic  minerals  are  rather  rare.  The  pure  eutk  ii 
prepared  exactly  like  baryta,  from  either  the  carbonate  or  the  sulphate.  It  is  a  grayish 
white  powder,  infusible  in  the  furnace,  of  a  specific  gravity  approaching  that  of  baryl^ 
having  an  acrid,  burning  taste,  but  not  so  corrosive  as  baryta,  though  riiarper  than  lina 
It  becomes  hot  when  moistened,  and  slakes  into  a  pulvefulent  hydrate,  dissolves  in  150 
parts  of  water  at  60°,  and  in  much  less  at  the  boiling  point,  forming  an  alkaline  solatioa 
called  strontia  water,  which  deposites  crystals  in  four-sided  tables  as  it  cools.  Thett 
contain  68  per  cent,  of  water,  are  soluble  in  52  parts  of  water  at  60^,  and  in  aboot  S 
parts  of  boiling  water ;  when  heated  they  part  with  53  parts  of  water,  but  retain  the 
other  15  parts,  even  at  a  red  heat.  The  dry  earth  consists  of  84*55  of  base,  and  15^49 
of  oxygen.  It  is  readily  distinguished  from  baryta,  by  its  inferior  solubility,  and  by  ill 
soluble  salts  giving  a  red  tinge  to  flame,  while  those  of  baryta  give  a  yellow  tinge.  iW 
sflicic  acid  and  iodate  of  soda  precipitate  the  salts  of  the  latter  earth,  but  not  those  of  thi 
former.  The  compounds  of  strontia  are  not  poisonous,  like  those  of  baryta.  The  ool| 
preparation  of  strontia  used  in  the  arts  is  the  Nitrate,  which  see. 

GrTRYCHNIA  is  an  alkaline  base,  extracted  from  the  Strychno$  nux  vomica,  Strydtum 
ignatia,  and  the  Upas  tienU ;  which  has  been  employed  in  medicine  by  some  of  ths 
poison  doctors,  but  is  of  no  use  in  any  of  the  arts.    When  introdueed  into  the  stomach, 
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ttrfclinia  acts  with  fearful  energy,  catising  lock-jaw  immediately,  and  the  death  of  the 
iBimal  in  a  very  short  time.  Half  a  grain,  blown  into  the  throat  of  a  rabbit,  proves 
htal  in  fiTe  minntes. 

STUCCO.    See  Gypsum. 

SUBERIC  ACID,  is  prepared  by  digesting  grated  cork  with  nitric  acid.  It  forms 
gystals,  which  sublime  in  white  vapors  when  heated. 

SUBLIMATE,  is  any  solid  matter  resulting  from  condensed  vapors,  and, 

SUBLIMATION,  is  the  process  by  which  the  volatile  particles  are  raised  by  heat, 
aad  condensed  into  a  crystalline  mass.     See  Calomel  and  Sal-ammoniac,  for  exam- 

8UBSALT,  is  a  salt  in  which  the  base  is  not  saturated  with  acid :  as  snbacetate  o< 

SUCCINIC  ACID,  jScid  of  amber  (Jlcide  mcciniquey  Fr. ;  Bemtteiiuaure,  Germ.),  is 
obtained  by  distilling  coarsely  pounded  amber  in  a  retort  by  itself,  with  a  heat  gradually 
raised ;  or  mixed  with  one  twelfth  of  its  weight  of  sulphuric  acid,  diluted  with  half  iti 
vdght  of  water.  The  acid  which  sublimes  is  to  be  dissolved  in  hot  water,  to  be  satura- 
ted with  potassa  or  soda,  boiled  with  bone  black,  to  remove  the  foul  empyreumatic  oily 
natter,  filtered,  and  precipitated  by  nitrate  of  lead,  to  convert  it  into  an  insoluble  succi- 
Hies  which  being  washed,  is  to  be  decomposed  by  the  equivalent  quantity  of  sulphuric 
acid.  Pure  succinic  acid  forms  transparent  prisms.  The  succinate  of  ammonia  is  an 
oeellent  reagent  for  detecting  and  separating  iron. 

SUGAR  (Sucrtf  Fr. ;  Zucher,  Germ.),  is  the  sweet  constituent  of  vegetable  and  animal 
prodacts.  It  may  be  distinguished  into  two  principal  species.  The  first,  which  occurs  in 
the  aogar-cane,  the  beet-root,  and  the  maple,  crjatallizes  in  oblique  four-sided  prisms, 
tsminated  by  two-sided  summits ;  it  has  a  sweetening  power  which  may  be  represented 
by  100;  and  in  circum polarization  it  bends  the  luminous  rays  to  the  right.  The  second 
•cenn  ready  formed  in  ripe  grapes  and  other  fruits;  it  is  also  produced  by  treating 
ttrch  with  diastase  or  sulphuric  acid.  This  species  forms  cauliflower  concretionty 
hit  not  true  crystals ;  it  has  a  sweetening  power  which  may  be  represented  by  60,  and 
it  cireampolarization  it  bends  the  rays  to  the  leA.  Besides  these  two  principal  kinds 
«f  lagar,  some  others  are  distinguished  by  chemists;  as  the  sugar  of  milk,  of  manna,  of 
ecftain  mushrooms,  of  liquorice-root,  and  that  obtained  from  saw-dust  and  glue  by 
the  aetion  of  sulphuric  acid ;  but  they  have  no  importance  in  a  manufacturing  point  of 


Susar,  extracted  either  from  the  cane,  the  beet,  or  the  maple,  is  identical  in  its  pro- 
psftlet  and  composition,  when  refined  to  the  same  pitch  of  purity ;  only  that  of  the  beet 
leant  to  surpass  the  other  twp  in  cohesive  force,  since  larger  and  firmer  crystals  of  it  are 
obtained  from  a  clarified  solution  of  equal  density.  It  contains  5*3  per  cent,  of  combined 
vateTy  which  can  be  separated  only  by  uniting  it  with  oxyde  of  lead,  into  what  has  been 
called  a  saccharate ;  made  by  mixing  sirup  with  finely  ground  litharge,  and  evaporating 
Ike  mixUire  to  dryness  upon  a  steam-bath.  When  sugar  it  exposed  to  a  heat  of  40Cr 
F.y  it  melts  into  a  brown  pasty  mass,  but  still  retains  its  water  of  composition.  Sugar 
Ibiit  fused  is  no  longer  capable  of  crj'stallization,  and  is  called  caramel  by  the  French. 
It  it  used  for  coloring  liqueurs.  Indeed,  sugar  is  so  susceptible  of  change  by  heat,  that 
if  a  colorless  solution  of  it  be  exposed  for  some  time  to  the  temperature  of  boiling  wa- 
ter it  becomes  brown  and  partially  uncrystallizable.  Acids  exercise  such  an  injuriont 
iaflnence  upon  sugar,  that  aAer  remaining  in  contact  with  it  for  a  little  whak,  though 
they  be  rendered  thoroughly  neutral,  a  great  part  of  the  sugar  will  refuse  to  crystallixe. 
That,  if  three  parts  of  oxalic  or  tartaric  acid  be  added  to  sugar  in  solution,  no  cryt- 
lala  of  sugar  can  be  obtained  by  evaporation,  even  though  the  acids  be  neutralized 
hf  chalk  or  carbonate  of  lime.  By  boiling  cane  sugar  with  dilute  sulphuric  acid,  it  it 
chuced  into  starch  sugar.  Manufacturers  of  sugar  should  be,  therefore,  particularly 
vatrafol  against  every  acidulous  taint  or  impregnation.  Nitric  acid  converts  sugar  into 
eialie  and  malic  acids.  Alkaline  matter  is  likewise  most  detrimental  to  the  grain  of 
Hfar ;  at  it  always  evinced  by  the  large  quantity  of  molasses  formed,  when  an  excess  of 
temper  lime  has  been  used  in  ckrifying  the  juice  of  the  cane  or  the  beet.  When  one 
piece  of  lump  sugar  it  rubbed  against  another  in  the  dark,  a  phosphorescent  light  it 

CMittcd. 

Sofar  is  soluble  in  all  proportions  in  water ;  but  it  takes  four  parts  of  spirits  of  wine, 
•Ttpce.  graT.  0*830,  and  eighty  of  absolute  alcohol,  to  dissolve  it,  both  being  at  a  boiling 
lOBperatare.  As  the  alcohol  cools,  it  deposites  the  sugar  in  small  crystals.  Caramelized 
Hd  uncrystallizable  sugar  dissolves  readily  in  alcohol.  Pure  sugar  is  unchangeable  in 
Ibe  air,  even  when  dissolved  in  a  good  deal  of  water,  if  the  solution  be  kept  covered  and 
it  the  dark ;  but  with  a  very  small  addition  of  gluten,  the  solution  soon  begins  to  fer- 
ment, whereby  the  sugar  is  decomposed  into  alcohol  and  carbonic  acid,  and  ultimately 
iaio  acetic  ackl. 

flagar  forma  chemical  compounds  with  the  lalifiablc  batet.    It  dittolves  readily  io 
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canstic  potash  ley,  whereby  it  loses  its  sweet  taste,  and  affords  on  evApontioa  a 
which  is  insoluble  in  alcohol.    When  the  ley  is  nentnliz^  by  ralplmrie  acid,  the  i 
recovers  its  sweet  taste,  and  may  be  separated  from  the  sulphate  of  potash  by  akoUyk 
it  will  no  longer  crystallize. 

That  sirup  possesses  the  property  of  dissolving  the  alkaline  earths,  lime, 
ttrontites,  bar}le8,  was  demonstrated  long  ago  by  Mr.  Ramsay  of  Grias^w,  by 
meats  published  in  Nicholson's  Journal,  volume  xviii.  page  9,  for  September,  iWt.  Ik 
found  that  sirup  is  capable  of  dissolving  half  as  much  lime  as  it  contains  of  sngar;  oi 
as  much  strontites  as  sugar.  Magnesia  dissolved  in  much  smaller  quantity,  and  birjia, 
seemed  to  decompose  the  sugar  entirely.  These  results  have  been  since  confinsed  ^ 
Professor  Daniell.  Mr.  Ramsay  characterized  sugar  treated  with  lime  sis  weak,fi«aib 
sweetening  power  being  impaired;  from  its  solution  he  obtained,  after  some  tinc^i 
deposite  of  calcareous  carbonate.  M.  Pelouze  has  lately  shown,  that  the  carboaie  ad 
in  this  case  is  derived  from  the  atmosphere,  and  is  not  formed  at  the  expense  of  the  ch- 
ments  of  the  sugar,  as  Mr.  Daniell  had  asserted. 

Sugar  forms  with  oxyde  of  lead  two  combinations ;  the  one  solnble,  the  other  iMrii- 
ble.  Oxyde  of  lead  digested  in  sirup  dissolves  to  a  certain  amount,  forms  a  yeilonk 
liquor,  which  possesses  an  alkaline  reaction,  and  leaves  after  evaporation  an  meiyitaflh 
sable,  viscid,  deliquescent  mass.  If  sirup  be  boiled  with  oxyde  of  lead  in  excess,  if  tti 
solution  be  filtered  boiling  hot,  and  if  the  vial  be  corked  in  which  it  b  reecHH 
white  bulky  flocks  will  fall  to  its  bottom  in  the  coarse  of  24  hours.  This  eompoMis 
best  dried  in  vacuo.  It  is  in  both  cases  light,  tasteless,  and  insoluble  in  coM  and  bolBi 
water ;  it  takes  fire  like  German  tinder,  (Amadou,)  when  touched  at  one  point  with  n 
ignited  body,  and  burns  away,  leaving  small  globules  of  lead.  It  dissoWes  in  acidic  Mi 
idso  in  neutral  acetate  of  lead,  which  forms  with  the  oxyde  a  subsalt,  and  sets  the  logv 
ftee.  Carbonic  acid  gas  passed  through  water,  in  which  the  aboTe  saccharate  is  difcd^ 
decomposes  it  with  precipitation  of  carbonate  of  lead.  It  consists  of  5S'26  parts  of  oqii 
of  lead,  and  41-74  sugar,  in  100  parts.  From  the  powerful  action  exercised  apoasipi 
by  acidis  and  oxyde  of  lead,  we  may  see  the  fallacy  and  danger  of  using  these  themtd 
reagents  in  sugar-refining.  Sugar  possesses  the  remarkable  property  of  dissohriig  III 
oxyde,  as  well  as  the  subacetate  of  copper,  (verdigris,)  and  of  counteractinjg  their 
ous  operation.  Orfila  found  that  a  dose  of  verdigris,  which  would  kill  a  Sog  in  i 
or  two,  might  be  swallowed  with  impunity,  provided  it  was  mixed  with  a 
quantity  of  sugar.  When  a  solution  of  sugar  is  boiled  with  the  acetate  of  copper,  it 
an  abundant  precipitate  of  protoxyde  of  copper ;  when  boiled  with  the  nitrates 
and  silver,  or  the  chloride  of  gold,  it  reduces  the  respective  bases  to  the  metallic  stsfe 


The  following  Table  shows  the  quantities  of  Sugar  contained  in  Straps  of  the 
specific  gravities.*    It  was  the  result  of  experiments  carefully  made. 


Experimental  specific  gn- 

Sugmr  in  100,  by 

Experimental  speafic  gra- 

8aig«r  iai  100,  ly 

Tity  of  solution  at  60*  F. 

weight. 

ritj  of  eolation  at  00*  F. 

weiffat. 

1-3260 

66-666 

1-1045 

25-000 

1-2310 

50000 

1-0905 

21-740 

M777 

40-000 

1-0820 

20-000 

1-4400 

33-333 

1-0685 

16-666 

1*1340 

31-250 

1-0500 

12-500 

M250 

29-412 

1-0895 

lO-OOO 

1-1110 

26-316 

If  the  decimal  part  of  the  number  denoting  the  specific  gravity  of  simp  be  mnltipiri 
by  26,  the  product  will  denote  very  nearly  the  quantity  of  sugar  per  gallon  in  pnoii 
weight,  at  the  given  specific  gravity .f 

Sugar  has  been  analyzed  by  several  chemists ;  the  following  Tablb  eihibits  some  sf 
their  results : —  i 


Gay  Lussac 
andTkaMttd. 

Benelios. 

Pianti 

Un. 

Oxygen,      -    - 
Carbon,    -    -    - 
Hydrogen,  -    - 

56-63 

42-47 

6-90 

49-856 

43-265 

6-875 

53-35 

39-99 

6*66 

50-3S 

43-38 

6-29 

in  100. 

I 


*  Tbe  author,  in  ■inates  of  evidence  ofMolaaass  Committee  of  the  Hoim  of  CommoH,  1811,  ]».  HI 
t  This  rale  was  annexed  to  an  extensire  table,  representinf  the  quantitiea  of  eogar  per  fsBoa  oonaq 

iag  to  the  upedtic  gravitiea  of  the  linip,  eonatnicted  by  tbe  author  finr  the  Bsciae,  ia  aahsar^iiMi  talb 

Bftl^reot  Bill. 
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Of  the  tugar  com,  and  the  extraction  of  eugar  from  t/.-^Humboldt,  aAer  the  most 
tiabonite  historical  and  botanical  researches  in  the  New  World,  has  arrived  at  the  con- 
dosion  that  before  America  was  discovered  by  the  Spaniards,  the  inhabitants  of  that 
•ontinent  and  the  adjacent  islands  were  entirely  unacquainted  with  the  sugar  canes,  with 
woKf  of  our  corn  plants,  and  with  rice.  The  progressive  diffusion  of  the  cane  has  beem 
tliiis  traced  out  by  the  partisans  of  its  oriental  origin.  From  the  interior  of  Asia  it  was 
tinansplanted  first  into  Cyprus,  and  thence  into  Sicily,  or  possibly  by  the  Saracens  di- 
ireetly  into  the  latter  island,  in  which  a  large  quantity  of  sugar  was  manufactured  in 
I  ike  year  1148.  Lafitau  relates  the  donation  made  by  William  the  Second,  king  of  Sicily, 
to  the  convent  of  St.  Benoit,  of  a  mill  for  crushing  sugar  canes,  along  with  all  its  privi« 
Itges,^ workmen,  and  dependencies  :  which  remarkable  gift  bears  the  date  of  1166.  Ao- 
ecNrding  to  this  author,  the  sugar  cane  must  have  been  imported  into  Europe  at  the 
'  period  of  the  Crusades.  The  monk  Albertus  Aqaensis,  in  the  description  which  he  has 
'  given  of  the  processes  employed  at  Acre  and  at  Tripoli  to  extract  sugar,  says,  that  in 
llie  Holy  Land,  the  Christian  soldiers  being  short  of  provisions,  had  recourse  to  sugar 
^  eanes,  which  they  chewed  for  subsistence.  Towards  the  year  1420,  Dom  Henry,  regent 
'  of  Portugal,  caused  the  sugar  cane  to  be  imported  into  Madeira  from  Sicily.  This  plant 
'  ^  taeceeded  perfectly  in  Madeira  and  the  Canaries ;  and  until  the  discovery  of  America 
I*  these  islands  supplied  Europe  with  the  greater  portion  of  the  sugar  which  it  con* 
'1^     mmed. 

^         The  cane  is  said  by  some  to  have  passed  from  the  Canaries  into  the  Brazils ;  but  by 
^     oUiers,  from  the  coast  of  Angola  in  Africa,  where  the  Portuguese  had  a  sugar  colony. 
^     It  was  transported  in  1506,  from  the  Brazils  and  the  Canaries,  into  Hispaniola  or  Hajrtiy 
^     where  several  crushing-mills  were  constructed  in  a  short  time.      It  would  appear, 
^     flicyreover,  from  the  statement  of  Peter  Martyr,  in  the  third  book  of  his  first  IXecade, 
'      written  during  the  second  expedition  of  Christopher  Columbus,  which  happened  between 
F      1493  and  1495,  that  even  at  this  date  the  cultivation  of  the  sugar  cane  was  widely  spread 
'      §Mk  St.  Domingo.    It  may  therefore  be  supposed  to  have  been  introduced  here  by  Co- 
lumbus himself,  at  his  first  voyage,  along  with  other  productions  of  Spain  and  the  Canarieau 
md  that  its  cultivation  had  come  into  considerable  activity  at  the  period  of  his  secono 
expedition.    Towards  the  middle  of  the  17th  century,  the  sugar  cane  was  imported  into 
Barbadoes  from  Brazil,  then  into  the  other  English  West  Indian  possessions,  into  the 
Spanish  Islands  on  the  coast  of  America,  into  Mexico,  Peru,  Chile,  and,  last  of  all,  into 
the  French,  Dutch,  and  Danish  colonies. 

The  sugar  cane,  Arundo  eaccharifera,  is  a  plant  of  the  graminifenms  ikmily,  which 
irmrics  in  height  from  8  to  10,  or  even  to  20  feet    Its  diameter  is  about  an  inch  and  n 
Imlf ;  its  stem  is  dense,  brittle,  and  of  a  green  hue,  which  verges  to  yeUow  at  the  approach 
cC  maturity.     1 1  is  divided  by  prominent  annular  joints  of  a  whitish-yellow  color,  the  plane 
of  which  is  perpendicular  to  the  axis  of  the  stem.    These  joints  are  placed  about  3 
inches  apart ;  and  send  forth  leaves,  which  fall  off  with  the  ripening  of  the  plant.    The 
k«ves  are  3  or  4  feet  long,  flat,  straight,  pointed,  from  1  to  2  inches  in  breadth,  cf  a  seft- 
green  tint,  striated  in  their  length,  alternate,  embracing  the  stem  by  their  base.    Tliey 
are  marked  along   their  edges  with  almost  imperceptible  teeth.    In  the  11th  or  12th 
■xmth  of  their  growth,  the  canes  push  forth  at  their  top  a  sprout  7  or  8  feet  in  heigh^ 
;:      Bearly  half  an  inch  in  diameter,  smooth,  and  without  joints,  to  which  the  name  arrow  is 
f,      given.    This  is  terminated  by  an  ample  panicle,  about  2  feet  long,  divided  Into  several 
i      uiotty  ramifications,  composed  of  very  numerous  fiowers,  of  a  white  color,  apetalons. 
^      and  furnished  with  3  stamens,  ^e  anthers  of  which|are  a  little  oblong.    The  roots  of 
[  .    'the  sugar  cane  are  jointed  and  nearly  cylindrical;  in  diameter  they  are  ahont  one 
twelAh  of  an  inch ;  in  their  utmost  length  1  foot,  presenting  over  their  snrfiiee  a  few 
•hort  radicles. 
J  The  stem  of  the  cane  in  its  ripe  state  is  heavy,  very  smooth,  brittle,  of  a  yellovrishp 

▼iolet,  or  whitish  color,  according  to  the  variety.  It  is  filled  with  a  fibrous,  spongy, 
dirty-white  pith,  which  contains  very  abundant  sweet  juice.  This  jnice  is  elaborated 
separately  in  each  intemodary  portion,  the  Ainctions  of  which  are  in  this  respect  inde- 
pendent of  the  portions  above  and  below.  The  cane  may  be  propagated  by  seeds  or 
bods  with  equal  facility;  but  it  is  usually  done  by  cuttings  or  joints  of  proper  lengths, 
from  15  to  20  inches,  in  proportion  to  the  nearness  of  the  jointSi  which  are  generally 
talBen  firom  the  tops  of  the  canes,  just  below  the  leaves. 

There  are  several  varieties  of  the  sugar-cane  plant.  The  first,  and  longest  known,  is 
the  Creole,  or  common  sugar  cane,  which  was  originally  introduced  at  Madeira.  It 
grows  freely  in  every  region  within  the  tropics,  on  a  moist  soil,  even  at  an  elevation  of 
3000  feet  above  the  level  of  the  sea.  In  Mexico,  among  the  mountains  of  Caudina- 
Bfasea,  it  is  cultivated  to  a  height  of  more  than  5000  feet.  The  quantity  and  quality  of 
sognr  which  it  yields,  is  proportional  to  the  heat  of  the  pUoe  where  it  grows,  provided  it 
be  not  too  moist  and  marshy. 
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The  second  variety  of  this  plant  is  the  Otaheitan  cane.  It  was  kitix)daced  into  the 
West  Indies  about  the  end  of  th^  18th  century.  This  variety,  stronger,  taller,  with 
longer  spaces  between  the  joints,  quicker  in  its  growth,  and  much  more  productive  is 
sugar,  succeeds  perfectly  well  in  lands  which  seem  too  much  impoverished  to  grow  the 
ordinary  cane.  It  sends  forth  shoots  at  temperatures  which  chill  the  growth  and  develop- 
ment  of  the  Creole  plant.  Its  maturation  does  not  take  more  than  a  year,  and  is  accom- 
plished sometimes  in  nine  months.  From  the  strength  of  its  stem,  and  the  woodiness  of 
its  fibres,  it  better  resists  the  storms.  It  displays  a  better  inflorescence,,  weighs  a  third 
more,  affords  a  sixth  more  juice,  and  a  fourth  more  sugar,  than  the  common  variety.  Iti 
main  advantage,  however,  is  to  yield  four  crops  in  the  same  time  that  the  Creole  etse 
yields  only  ihree.  Its  juice  contains  less  feculency  and  mucilage,  whence  its  sugar  is 
more  easily  crystollixed,  and  of  a  fairer  color. 

Besides  these  two  varieties,  another  kind  is  described  by  Humboldt  and  BoDpIud, 
under  the  name  of  the  violet  sugar-cane,  for  its  haum  and  leaves  are  of  this  color.  It 
was  transported  from  Batavia  in  1782.  It  flowers  a  month  sooner  than  the  rest,  tbtl 
is,  in  August,  but  it  yields  less  solid  sugar,  and  more  liquid,  both  of  which  have  a  viokl 
tint. 

In  saying  that  the  cane  may  be  propagated  by  seeds  as  well  as  buds,  we  must  remark  ^ 
that  in  all  the  colonies  of  the  New  World,  the  plant  flowers,  indeed,  but  it  then  seeds 
forth  a  shoot  (arrow) y  that  is,  its  stem  elongates,  and  the  seed-vessel  proves  aborthre. 
For  this  reason,  the  bud-joints  must  there  be  used  for  its  propagation.  It  grows  to  seed, 
however,  in  India.  This  circumstance  occurs  with  some  other  plants,  which,  when  pfo* 
pagated  by  their  roots,  cease  to  yield  fertile  seeds ;  such  as  the  banana,  the  bread-fnit, 
the  lily,  and  the  tulip. 

In  the  proper  season  for  planting,  the  ground  is  marked  out  by  a  line  into  rows  thm 
or  four  feet  asunder,  in  which  rows  the  canes  are  planted  about  two  feet  apart.  The 
series  of  rows  is  divided  into  pieces  of  land  60  or  70  feet  broad,  leaving  spaces  of 
about  20  feet,  for  the  convenience  of  passage,  and  for  the  admission  of  sun  and  air 
between  the  stems.  Canes  are  usually  planted  in  trenches,  about  6  or  8  inches  dee|s 
made  with  the  hand-hoe,  the  raised  soil  being  heaped  to  one  side,  for  covering-io  tin 
young  cane ;  into  the  holes  a  negro  drops  the  number  of  cuttings  intended  to  be 
inserted,  the  digging  being  performed  by  other  negroes.  The  earth  is  then  draws 
about  the  hillocks  with  the  hoe.  This  labor  has  been,  however,  in  many  places 
better  and  more  cheaply  performed  by  the  plough ;  a  deep  furrow  being  made,  into 
which  the  cuttings  are  regularly  planted,  and  the  mould  then  properly  turned  in. 
If  the  ground  is  to  be  aAcrwards  kept  clear  by  the  horse-hoe,  the  rows  of  caaei 
should  be  5  feet  asunder,  and  the  hillocks  2}  feet  distant,  with  only  one  cane  led  is 
one  hillock.  AAer  some  shoots  appear,  the  sooner  the  horse-hoe  is  used,  the  moreviH 
the  plants  thrive,  by  keeping  the  weeds  under,  and  stirring  up  the  soil.  Piant-ctnes 
of  the  first  growth  have  been  known  to  yield,  on  the  brick-mould  of  Jamaica,  in  very 
fine  seasons,  2j^  tons  of  sugar  per  acre.  The  proper  season  for  plnnting  the  cane  slips, 
containing  the  buds,  namely,  the  top  part  of  the  cane,  stripped  of  its  leaves,  and 
the  two  or  three  upper  joints,  is  in  the  interval  between  August  and  the  beginnins^of 
November.  Favored  by  the  autumnal  weather,  the  young  plants  become  loiorisBl 
enough  to  shade  the  ground  before  the  dry  season  sets  in ;  thereby  keeping  the  roots 
cool  and  moderately  moist.  By  this  arrangement  the  Creole  canes  are  ripe  for  the  mill 
in  the  beginning  of  the  second  year,  so  as  to  enable  the  manager  to  finish  his  crop  earij 
in  June.  There  is  no  greater  error  in  the  colonist  than  planting  canes  at  an  improper 
season  of  the  year,  whereby  his  whole  system  of  operations  becomes  disturbed,  and,  ia  s 
certain  degree,  abortive. 

The  withering  and  fall  of  a  leaf  afford  a  good  criterion  of  the  maturity  of  the  caB^ 
joint  to  which  it  belonged;  so  that  the  eight  last  leafless  joints  of  two  canes,  which  are 
cut  the  same  day,  have  exactly  the  same  age  and  the  same  ripeness,  though  one  of  the 
canes  be  15  and  the  other  only  10  months  old.  Those,  however,  cut  towai^s  the  ead  of 
the  dry  season,  before  the  rains  begin  to  fall,  produce  better  sugar  than  those  cut  in  the 
rainy  season,  as  they  are  then  somewhat  diluted  with  watery  juice,  and  require  more  eva- 
poration to  form  sugar.  It  may  be  reckoned  a  fair  average  product,  when  one  pound  of 
sugar  is  obtained  from  one  gallon  (English)  of  juice. 

Ratioons  (a  word  corrupted  from  rejettoiia)  are  the  sprouts  or  suckers  that  spring  froB 
the  roots  or  stoles  of  the  canes  that  have  been  previously  cut  for  sugar.  Tliey  are 
commonly  ripe  in  12  months ;  but  canes  of  the  first  growth  are  called  plant-canes,  beiig 
the  direct  produce  of  the  origmal  cuttings  or  germs  placed  in  the  ground,  and  require  a 
longer  period  to  bring  them  to  maturity.  The  first  yearly  return  from  the  roots  thit 
are  cut  over,  are  called  first  rattoons ;  the  second  yeai^s  growth,  second  rmttoons;  aodn 
on,  according  to  their  age.  Instead  of  stocking  up  his  rattoons,  holing,  and  piaati^ 
the  land  anew,  the  planter  suffers  the  stoles  to  continue  in  Uie  gnrandy  and 
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himself,  as  the  cane-fields  become  thin  and  impoTerished,  with  supplying  the  vacant  places 
with  fresh  plants.  By  these  means,  and  with  the  aid  of  manure,  the  produce  of  sugar 
per  acre,  if  not  apparently  equal  to  that  from  plant-canes,  gives  perhaps  in  the  long  run 
as  great  returns  to  the  owner,  considering  the  relative  proportion  of  the  labor  and  expensa 
altendins;  the  different  systems.  The  common  yielding  on  proper  land,  such  as  the  red 
•oil  of  Trelawney,  in  Jamaica,  is  7  hogsheads,  of  16  cwts.  each,  to  10  acres  of  rattoons  cut 
annually ;  and  such  a  plantation  lasts  from  6  to  10  years. 

When  the  planted  canes  are  ripe,  they  are  cut  close  above  the  ground,  by  an  oblique 
section,  into  lengths  of  3  or  4  feet,  and  transported  in  bundles  to  the  mill-house.  If  the 
roots  be  then  cut  off,  a  few  inches  below  the  surface  of  the  soil,  and  covered  up  with  fine 
mould,  they  will  push  forth  more  prolific  offsets  or  rattoons,  than  when  left  projecting  in 
the  common  way. 

or  SUOAK  MILLS. 

The  first  machines  employed  to  squeeze  the  canes,  were  mills  similar  to  those  which 
serve  to  crush  apples  in  some  cider  districts,  or  somewhat  like  tan-mills.  In  the  centre 
of  a  circular  area,  of  about  7  or  8  feet  in  diameter,  a  vertical  heavy  wheel  was  made  to 
revolve  on  its  edge,  by  attaching  a  horse  to  a  cross  beam  projecting  horizontally  from 
it,  and  making  it  move  in  a  circular  path.  The  cane  pieces  were  strewed  on  the  some- 
what concave  bed  in  the  path  of  the  wheel,  and  the  jnice  expressed  flowed  away  through 
a  channel  or  gutter  in  the  lowest  part.  This  machine  was  tedious  and  unproductive. 
It  was  replaced  by  the  vertical  cylinder-mill  of  Gronzales  de  Velosa;  which  has  continued 
till  modern  tiroes,  with  little  variation  of  external  form,  but  is  now  generally  superseded 
by  the  sugar-mill  with  horizontal  cylinders. 

SdOAR-CANE  MILL. 

Specification  of,  and  ObservcUion^  <m,  the  Construetion  and  Uu  of  Ike  best 

Horizontal  Sugar-milL 

Fis:.  1075.  Front  elevation  of  the  entire  mill.  Fig.  1076.  Horizontal  plan.  Fig.  1077. 
End  elevation.  Fig.  1078.  Diagram,  showing  the  dispositions  of  the  feeding  and  delivering 
rollers,  feeding  board,  returner,  and  delivering  board. 

Fig.  1075.  A,  A,  solid  foundation  of  masonry;  b,  b,  bed  plate;  c,  c,  headstockt  or 
standards ;  d,  main  shaft  (seen  only  in  fig.  1076)  ;  e,  intermediate  shaft;  f,  f,  plummer- 
blocks  of  main  shaA  d  (seen  only  in  fig.  1076) ;  ii,  driving  pinion  on  the  fly-wheel 
iihaft  of  engine  ;  i,  first  motion  mortise  wheel  driven  by  the  pinion;  k,  second  motion 
pinion,  on  the  same  shaft ;  l,  second  motion  mortise-wheel,  on  the  main  shaft ;  m,  brays 
of  wood,  holding  the  plnmmer-blocks  for  shaft  o ;  n,  wrought-iron  straps  connectins:  the 
brays  to  the  standards  c,  c ;  o,  o,  regulating  screws  for  the  brays ;  p,  top  roller  and  gudgeons ; 
Q  and  R,  the  lower  or  feeding  and  delivering  rollers ;  s,  clutch  for  the  connexion  of  the 
side  of  lower  rollers  Q,  and  r,  to  the  main  shaft  (seen  only  in  fig.  1076)  ;  t,  t,  the  drain 
gutters  of  the  mill-bed  (seen  only  in  fig.  1076). 

The  same  letters  of  reference  are  placed  respectively  on  the  same  parts  of  the  mill  in 
each  of  figs.  1075,  1076,  and  1077. 

The  relative  disposition  of  the  rollers  is  shown  in  the  diagram, yfg.  1078,  in  which  a  is 
the  top  roller ;  b,  the  feeding  roller ;  c,  the  delivering  roller ;  d,  the  returner ;  s,  the  feed 
board ;  F,  the  deliverini?  board. 

The  rollers  are  made  two  inches  and  a  quarter  to  two  inches  and  a  half  thick, 
and  ribbed  in  the  centre.  The  feeding  and  delivering  rollers  have  small  flanges  at 
their  ends  (as  shown  in  fig.  1075),  hetween  which  the  top  roller  is  placed;  these  flanges 
prevent  the  pressed  canes  or  begass  from  working  into  the  mill-bed.  The  feeding  and 
top  rollers  are  generally  fluted,  and  sometimes  diagonally,  enabling  them  the  belter  to 
seize  the  canes  from  the  feed-board.  It  is,  however,  on  the  whole,  considered  better  to 
flute  the  feeding  roller  only,  leaving  the  top  and  delivering  rollers  plane ;  when  the  top 
roller  is  fluted,  it  should  be  very  slightly,  fbr,  aAer  the  work  of  a  few  weeks,  its  surface 
becomes  suflUciently  rouch  to  bite  the  canes  effectively.  The  practical  disadvantage  of 
flaiing  the  deliverine  rollers,  is  in  the  grooves  carrying  round  a  portion  of  liquor,  which 
is  speedily  absorbed  by  the  spongy  begass,  as  well  as  in  breaking  the  begass  itself,  and  thus 
causing  great  waste. 

The  feed  board  is  now  generally  made  of  cast  iron,  and  is  placed  at  a  considerable 
inclination,  to  allow  the  canes  to  slip  the  more  easily  down  to  the  rollers.  The  returner 
is  also  of  cast  iron,  serrated  on  the  edge,  to  admit  the  fVee  flowing  of  the  liquor  to  the 
mill-bed.  The  concave  returner,  formerly  used,  was  pierced  with  holes  to  drain  off  the 
liqnor,  but  it  had  the  serious  disadvantage  of  the  holes  choking  up  with  the  splinters  of 
the  eane,  and  has  therefore  been  discarded.  The  delivering  board  is  of  cast  iron,  fitted 
dose  to  the  roller,  to  detach  any  begass  that  may  adhere  to  it,  and  otherwise  mix  witk 
the  liquor. 
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U  Dmtrnn,  SotiiiMm,  C«yMi>e,  and  the  alliiTul  diMriet  of  Trinid^.  it  b  mm]  » 
■tUch  to  the  mill  *  liqiior-patDp,wilh  two  barrels  and  three  adjustment*  sfMndtc    iM 


\»  worked  rrom  the  gudi;«Dn  o(  ihe  top  roller.  lo  tetimi,  the  liquor  (hiD  the  pittettf 
the  mill-bed  runs  Inlo  the  cistern  of  [he  pump,  and  is  raised  b;  the  pomp  to  the  gatts 
which  leads  lo  Ihc  clarifier  or  coppen.  Such  pumps  have  brass  barrels  and  copper  &■ 
chancing  pipes,  are  worked  with  a  rery  slow  niolion,  and  require  to  be  earefntly  a^jnMri 
to  the  quanlitf  of  liquor  lo  be  laiied,  which,  withoat  such  precaotion,  ii  either  imM  drava 
off  infficienlly  quick,  or  is  agilaled  with  air  in  tbe  barrels,  and  dellTcied  to  the  Ksttei  in 
a  ftate  of  fenneDtalion. 

tn  wotiin;  this  mill,the  reeding  roller  ii  kept  aboat  halTan  inch  dittaatlVom  tbenifs 
nilar,  but  the  deUferiDg  roller  ii  ^aeed  lo  dose  to  it,  as  to  aUow  the  begav  to  pass  thron|h 
nnbnjien. 

.The  practice  with  this  milt  is  to  enl  the  ngar  canst  into  short  length*  of  abOTt 
three  feet,  and  bring  them  to  the  mill  tied  np  in  unall  bnudlet ;  (here  the  feeder  luitM 
thcffi,  throw*  them  on  the  feed  board,  and  a^eads  thetn  so  that  ther  maj  onM  ndi 


■nd  delirenn);  rollers,  Ihef  receive  the  finil  prenare,  and  are  larned  out  on  tiit  mOl-flMir, 
while  the  liquor  nina  back  and  fills  iolo  the  mill-W.  The  be^ua,  ihen  in  the  state  of 
pith,  adhering  to  ibe  skin  of  the  cane,  is  lied  ap  in  bnndlef,  and  afler  being  exposed  a 
•hort  time  to  Ihe  ann,  is  Gnall;  stored  in  the  begsss-hanse  for  fuel.  Bj  an  important 
improremenl  in  this  stage  of  the  process,  recentl)'  introduced,  the  begass  is  carried  to  the 
b^sss-boase  by  a  carrier  chain,  vorkeci  by  the  engine. 

The  relative  merits  of  horizontal  and  vertical  sanr-mills  on  this  eonslmction  maf  be 
thna  staled : — The  horizontal  mill  is  cheaper  in  construclion,  and  is  more  easily  Eied{ 
the  process  of  feeding  is  perfonned  at  aboot  one  half  of  Ihe  labor,  and  in  a  mach  sd^ 
rior  manner ;  the  relurner  guides  the  canes  to  receive  the  last  pressure  more  perfecllj ; 
and  the  begass  is  not  so  much  broken  as  in  the  vertical  mill,  bnl  lefl  tolerably  entire,  w 
as  to  he  tied,  dried,  and  stored,  irith  less  Ironble  and  waste. 

The  vertical  mill  haa  >  eoniidenble  advantage,  in  being  more  easily  washed ;  aad  il 
can  be  readily  and  cheaply  mounted  in  wooden  framing;  bat  Ihe  great  labor  of  feeding 
the  venica]  mill  renders  it  nearly  inapplicable  to  any  higher  power  than  that  of  aboot 
ten  horses.  In  situaliona  whrre  the  moving  power  is  ■  windmill,  or  a  cattle^n,  the 
Tenical  mill  msy  be  preferred. 

The  scile  of  produce  of  inch  mills  varies  according  to  the  climate  and  soil.  In  Deme- 
rara,  a  well-conalmcted  engine  and  mill  will  prodaee  about  100  gallons  of  liqnor  per 
hour  for  each  horse  power. 

The  dimensions  of  the  most  approved  horitontal  mills  are  Ibese : — 
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^e  snrface  speed  of  the  rollers  is  3-4  or  !1-6  l^t  per  minnle ;  and  to  provide  for  the 
VBjrjing  resistance  srising  f>om  irr^nlar  feeding,  or  the  accidental  crossing  of  the  cane*, 
by  which  the  engine  is  dtleo  bromghl  up  so  suddenly  as  to  break  the  fly-wheel  shaft,  il  ia 
necessary  to  make  both  the  shsd  and  the  fly-wheel  of  nnnsnal  strength  and  weight. 

Sngar  is  mannfaclured  in  the  East  Iniliea  by  two  distinct  elasKs  of  peraons ;  the  ryali, 
who  raise  the  sngar  eanc,  eicract  iia  juice,  and  inspissate  it  to  a  lirupj  consistence;  and 
tkeEaldar),  who  complete  the  conversion  into  nigar. 

The  ryott  are  the  brmers,  or  actnal  cultivators  of  the  soil ;  bnt,  properly  speakini^ 
they  are  merely  peasants,  toiling  under  oppretsiTC  landWa,  and  miserably  poor. 
After  they  cut  the  cane&  they  eilract  the  jaice  by  one  or  other  of  the  rode  miSi  or 
■aortars  presently  to  be  oescribed,  and  boil  it  down  to  an  entire  mass,  which  is  gene- 
laQy  caned  gnor,  without  makiay  any  iMIeaipl  t»  dari^  il,  or  teyanU  Ibe  granriw 
ngu  Cko  Ibe  wiciTitallinble  aclaw.    TUt  gaor  h  of  imriom  qaalitiesr  -one  of 
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whieb,  io  mosi  conunon  aie  for  mailing  ngar,  ii  knows  unongtt  the  EoftUh  lettlen 
Bltd«r  the  ntme  of  jaggtty.  There  is  ■  caste  in  Ceylca,  ollrd  jaggrraro;  whs 
malcp  miiHr  fram  the  pruduee  oribeCnryo/a  ■mu,  or  Kilnl  tree;  and  thr  mgar  ii 
■tjled  jaggtry.  Sugar  is  not  nsaally  made  in  CpjIod  from  the  fngar  esDe  ;  bat  rither 
n^  the  juice  of  Ibe  Kilul,  rniiii  the  Cocot  nuci/tra,  or  the  fierauw  fiabtili/omU  (the 
Palmyra  tree.) 

Several  rorti  of  cane  are  cnllivated  in  India. 

The  CadjaoUt  (Jif.  1DT9)  is  a  purple-cohnvd  eane ;  rieldi  a  sweeter  and  richer  juice 
than  the  yellow  or  light-colored,  but  in  leu  quantities,  and  is  harder  to  press.  It  frovi 
in  dr;  lands.  When  eaten  law,  it  is  snmewhal  drj  and  pilby  jn  the 
10T9  tnouth,  but  is  esteemed  veiy  f!Ood  far  miking  sugar.  It  is  nut  known 
to  Ibe  West  India  planter.  Tbe  leaves  rise  from  a  point  6  fett  abort 
the  ground.  An  oblique  and  transrene  section  of  the  eane  ir  repic- 
senled  by  tbe  parU  near  the  bottom  of  tbe  figure. 

The  Poortt  is  a  light-colored  cane,  Tellow,  inclining  to  irhite,  deeptf 
THIow  when  ripe  and  on  rich  ground.  West  India  planters  eondder 
it  the  same  sort  u  one  of  theirs.  It  ii  soner  and  more  juicy  than  the 
preceding,  but  the  juice  is  less  rich,  and  produces  a  weaker  sugar.  Il 
reqairei  seven  parts  of  pooree  juice  to  make  si  mnch  ^oor  as  is  pnh 
duced  Trom  sii  or  the  cadjoolee.  Much  of  this  cane  is  broaghl  to  the 
Calculta  market,  and  eaten  raw. 

TTie  Cullorah  thrives  in  swampy  lands,  is  lieht^olored,  nnd  grows 
to  a  great  height.  Its  juice  is  more  walerf,  and  yields  n  weaLer  sugar 
also  than  the  eadjoolee.  Howerer,  since  much  of  Bengal  consists  of 
low  grounds,  and  since  the  upland  canes  are  apt  lo  sufler  (ram  droogbl, 
it  desen'es  encoaraaement  in  certain  localities. 

It  is  only  large  farms. that  cut  an  acre  of  cane  in  a  jevi  OBe  mill, 
therefore,  and  one  set  of  tbe  iroptemenis  used  in  inspissating  the 
juice,  allboagb  very  rude  and  simple,  serve  for  sevml  farms,  and 
generally  belong  to  some  wealthy  man,  wbo  lets  then  out  (or  hire  to 
his  poorer  neighbors,  the  whole  of  whom  onite  lo  clear  each  olbei't 
fields  by  turns',  so  that  Ibongb  many  people  anil  cattle  are  empIoje4 
jA  at  one  of  these  misetahle  sets  of  worlis,  very  few  indeed  are  hind, 
nod  the  greater  part  of  the  labor  is  performed  b)  the  ctanmon  slodc  </ 
the  farms. 

The  inspissated  juice,  or  eitmct  of  cane,  called  by  tbe  natives  godr, 
is  of  two  kinds ;   one  of  which  may  be  termed  cake  cxlracl,  and  tbe 
"--'"  other  pot  extract  i  both  being  often  denominated  joggtry,  as  abore 

llaled,  by  the  English  residents. 
One  third  of  an  acre  of  good  land  in  the  southern  diilricls,  is  reckoned  by  tbe 
farmers  to  prodace  18,831 
pounds  of  cane,  and  1,159 
pounds  of  pot  extracU  Its 
producr  in  cake  extnct  it 
about  95!  pounds. 

I  shall  now  deserihe  the 
primitive  rude  mill  and  bci- 
ler  used  in  preparing  Ibe 
extract  of  BDgar  cane,  aad 
which  are  usually  let  rotbe 
ryots  by  the  day.  ilie  miD 
in  Dinajpur.^ig.  1080,  is  oa 
the  principle  cd'  a  pestle  anl 
mortar.  The  pestle,  how- 
erer,  does  not  beat  the 
canes,  bat  is  mbbed  againM 
them,  as  is  done  in  inaay 
chemical  triturations ;  and 
Ibe  moving  force  is  two 
oien.  The  mortar  is  gene- 
rally a  tamarind  lree,oae 
end  of  which  is  sunk  deep 
in  the  gronnd,  to  give  it 
firmness.  The  part  pro- 
jecting. Of  Of  Oj  Of  may 
M  almat  two  Utt  high,  and  a  Ibot  and  ■  half  b  diuaeter ;  and  in  the  upper  end 
■  hollow  it  nt,  like  tke  maU  Mgment  tC  a  iphere.      In  the  centra  i^  tU»,  a 
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channel  descends  a  little  way  perpendicularly,  and  then  obliquely  to  one  side  of  the  mortar, 
so  that  the  juice,  as  squeezed  from  the  cane,  runs  off,  by  means  of  a  spout  6,  into 
a  strainer  c,  through  which  it  falls  into  an  earthen  pot,  that  stands  in  a  hole 
dy  under  the  spout.  The  pestle  e,  is  a  tree  about  18  feet  in  length,  and  1  foot  in 
diameter,  rounded  at  its  bottom,  which  rubs  against  the  mortar,  and  which  is  se- 
cured in  its  place  by  a  button  or  knob,  that  goes  into  the  channel  of  the  mortar. 
The  moving  force  is  applied  to  a  horizontal  beam  /,  about  16  feet  in  length,  which 
turns  round  about  the  mortar,  and  is  fastened  to  it  by  a  bent  bamboo*  6.  It  is 
suspended  from  the  upper  end  of  the  pestle  by  a  bamboo  g,  which  has  been  cat 
with  part  of  the  root,  in  which  is  formed  a  pivot  that  hangs  on  the  upper  point  of  the 
pestle.  The  cattle  are  yoked  to  the  horizontal  beam,  at  about  ten  feet  from  the  mortar, 
move  round  it  in  a  circle,  and  are  driven  by  a  man,  who  sits  on  the  beam,  to  increase 
the  weight  of  the  triturating  power.  Scarcely  any  machine  more  miserable  can  be  con- 
ceived ;  and  it  would  be  totally  ineffectual,  were  not  the  cane  cut  into  thin  sliees.  This 
is  a  troublesome  part  of  the  operation.  The  grinder  siu  on  the  ground,  having  before 
him  a  bamboo  stake,  which  is  driven  into  the  earth,  with  a  deep  notch  formed  in  its  up- 
per end.  He  passes  the  canes  gradually  through  this  notch,  and  at  the  same  time  cuts 
off  the  slices  with  a  kind  of  rude  chopper. 

The  boiling  apparatus  is  somewhat  belter  contrived,  and  is  placed  under  a  shed, 
though  the  mill  is  without  shelter.  The  fireplace  is  a  considerable  cavity  dug  in  the 
ground,  and  covered  with  an  iron  boiler  Pjjig.  1081.  At  one  side  of  this,  is  an  opening 
9,  for  throwing  in  fuel;  and  opposite  to  this,  is  another  opening,  which  communicates 
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with  the  horizontal  flue.  This  is  formed  by  two  parallel  mud  walls  r,  r,  «,  «,  about  20 
feet  long,  2  feet  high,  and  18  inches  distant  from  each  other.  A  row  of  eleven  earthen 
boilers  t,  is  placed  on  these  walls,  and  the  interstices  «,  are  filled  with  day,  which 
completes  the  furnace-flue,  an  opening  v,  being  lei\  at  the  end,  for  giving  vent  to  the 
smoke. 

The  juice,  as  it  comes  from  the  mill,  is  first  put  into  the  earthen  boiler  that  is  most 
distant  firom  the  fire,  and  is  gradually  removed  from  one  boiler  to  another,  until  it  reaches 
the  iron  one,  where  the  process  is  completed.  The  fireplace  is  manifestly  on  the  same 
modfl  as  the  boiler  range  in  the  West  Indies,  and  may  possibly  have  suggested  it,  sinee 
the  Hindostan  furnace  is,  no  doubt,  of  immemorial  usage.  The  execution  of  its  parts  is 
▼ery  rude  and  imperfect.  The  inspissated  juice  that  can  be  prepared  in  2  4  hours  by  such 
a  mill,  with  16  men  and  20  oxen,  amounts  to  no  more  than  476  lbs. ;  and  it  is  only  in  the 
southern  parts  of  the  district,  where  the  people  work  nis^ht  and  day,  that  the  sugar-works 
are  so  productive.  In  the  northern  districtis,  the  people  work  only  during  the  day,  and 
inspissate  about  one  half  the  quantity  of  juice.  The  average  daily  make  of  a  West  India 
ira?ar-house,  is  from  2  to  3  hogsheads,  of  16  cwts.  each. 

The  Indian  manufacturers  of  sugar  purchase  the  above  inspissated  juice  or  goor  from 
the  farmers,  and  generally  prefer  that  of  a  granular  honey  consistence,  which  is  offered 
for  sale  in  pots.  As  this,  however,  cannot  conveniently  be  brought  from  a  distance,  some 
of  the  cake  kind  is  also  employed.  The  boilers  are  of  two  sizes ;  one  adapted  for 
making  at  each  operation  about  ten  cwts. ;  the  other,  about  eight  and  a  half.  The  latter 
is  the  segment  of  a  sphere,  nine  feet  diameter  at  the  mouth ;  the  former  is  larger.  The 
boiler  is  sunk  into  a  cylindrical  cavity  in  the  ground,  which  serves  as  a  fireplace,  so 
that  its  edge  is  just  above  the  floor  of  the  boiling-house.  The  fuel  is  thrown  in  by  an 
aperture  close  to  one  side  of  the  boiler,  and  the  smoke  escapes  by  a  horizontal  chimney 
that  passes  out  on  the  opposite  side  of  the  hut,  and  has  a  small  round  aperture,  about 
ten  feet  distant  from  the  wall,  in  order  to  lessen  the  danger  from  fire.  Some  manufac- 
turers have  only  one  boiler ;  others  as  many  as  four ;  but  each  boiler  has  a  separate  hut, 
in  one  end  of  which  is  some  spare  fuel ;  and  in  the  other,  some  bamboo  staiges,  whieh 
support  cloth  strainers,  that  are  used  in  the  operation.  This  hue  is  about  twenty>four 
enbits  long,  and  ten  hmad ;  has  mud  walls,  six  cubits  high ;  and  is  raised  about  one  cubit 
above  the  ground. 

For  each  boiler,  two  other  houses  are  required :  one  in  which  the  cane  extract  is 
separated  by  straining  from  the  molasses,  is  about  twenty  cubits  long  by  ten  wide ;  an- 
other, about  thirty  cubits  long,  by  eight  wide,  is  that  in  which,  after  the  extract  has  been 
strained,  boiled,  and  clarified,  the  treacle  is  icparated  from  the  sugar  by  an  operation  an- 
nlogont  to  alavinff. 
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Eub  (agar  mvtuAcinrei  hu  t  warcbooM  beiidet,  of  ■  liie  propotlioBal  lo  the  o^ 

ber  ofbii  boilers. 

AbcDl  960  pounds  oC  pot  eitract  being  divided  into  Tonr  pvti,  each  U  pat  into  ■  hf 
(fcMne  ucketotb,  bung  over  an  equal  Dumber  of  vide-moalbed  eanhen  tcbkU,  aid 
H  beiprinkled  vilh  a  lilUe  waler.  Thete  drain  from  llie  bagt  abont  240  poiuida  d*  a 
■nbatance  aDalogoua  lo  West  Indian  Eaolasses.  Tbe  remainder  ia  ihe  ba^  ■>  a  kiad  d 
coarse  muscovado  sugar  i  but  is  far  from  being  id  veil  drained  and  freed  frooi  iiiiditi 
a«  that  of  the  Antilles.  The  7 SO  pounds  of  this  substance  are  then  pat  into  a  boUetwitk 
mo  poonds  of  water,  and  the  miilnre  is  boiled  briskly  for  144  nuDUtca,  whea  }tO 
additional  pounds  of  water  are  added,  and  the  boiling  is  conlinurd  far  48  minDtea  Doe. 
Ad  alllaliDe  solution  is  prepared  from  the  aihei  of  the  planlaia  tree,  atrewed  orrr  straw 
placed  in  tbe  bottom  of  an  earthen  pot  perforated  with  hulei.  Ninelj'  povDda  of  waui 
aie  passed  through ;  and  6  pounds  of  the  clear  lixivium  are  added  lo  the  boiliait  tirah 
wberebir  a  thick  scum  is  raised,  which  is  removed.  After  24  minate*,  foar  and  a  ksV 
pounds  of  alkaline  solution,  and  about  two  Gdhs  of  a  pound  of  raw  milk,  are  »Uti; 
■fler  which  the  boiling  and  skimming  are  continued  24  minutes.  Thii  must  be  rcpnlc^ 
fixjm  five  to  seven  limes,  until  no  more  scum  appears.  240  pounds  of  water  beiaf  bow 
added,  Ihe  liquor  is  lo  be  ponred  into  s  number  of  strainers.  These  are  bafra  of  mane 
cotton  cloth,  in  the  form  of  inverled  quadraagulnr  pyramids,  each  of  which  it  sapendid 
firom  a  frame  of  wood,  sboul  two  feet  square.  The  operation  of  strain  jdk  fiecupies  akial 
96  minutes.  The  strained  liqaor  is  diiided  into  three  parts  :  one  of  theae  ia  pat  into  s 
boiler,  with  from  half  a  pound  to  a  pound  and  a  half  of  alkaline  salulion,  ooe  twelfth  of 
a  poond  of  milk,  and  12  pounds  of  water.  Af\er  having  boiled  for  betweeo  48  and  TS 
minutes,  three  quaiters  of  n  pound  of  milk  are  added,  and  Ibe  liquor  is  poored,  in  eqaal 
portions,  into  four  refining  pots.  These  are  wide  at  tbe  moulh,  and  pointed  at  the  hol- 
lom ;  but  are  not  conical,  for  the  sides  are  curved.  The  bottom  is  perforated,  aid  Ihe 
stem  of  a  plantain  leaf  forms  aping  for  closing  Ihe  aperture.  The  two  remaining  pottioai 
of  Ihe  strained  liquor  are  managed  in  eiactlr  the  same  manner;  so  that  each  refiaing 
pot  has  its  share  of  each  portion.  When  they  have  cooled  a  little,  the  refining  pM 
is  removed  to  the  curing-house,  and  placed  on  ihe  ground  for  24  hours;  next  di; 
they  are  placed  on  a  frame,  which  supports  them  at  some  distance  from  the  ^ronnd.  A 
wide-mouthed  vessel  is  placed  under  each,  to  receive  the  viscid  liqnor  that  drains  fiia 
them.  In  order  la  draw  off  Ibis  mcfc  completely,  moist  leaves  of  Ihe  Vatuneria  ifinim 
are  placed  over  the  moulh  of  the  pot,  lo  the  thickness  of  two  inches  ;  after  10  or  11 
days,  these  are  removed  ;  when  a  crusl  of  sugar,  about  half  an  inch  in  thickness,  is  Ibaid 
on  Ibe  surface  of  the  boiled  liquor.  The  crust  being  broken  and  remoTed,  fresh  leaves 
arc  repeatedly  added,  until  the  whole  sugar  liasformedj  which  requires  fhmTSIoSO 
days.  When  cake  extract  is  used,  il  does  not  require  to  be  itrsined  before  it  be  pal  ialt 
Ihr  boiler. 

On  the  above-described  operose  and  preposterous  process,  it  is  needless  to  makeisy 
remarks.  While  il  is  adbered  lo  with  the  tenacity  of  Hiniloo  habil,  Ihe  West  ladiei 
has  no  reason  lo  fear  ihe  competition  of  the  East,  in  the  uianufsclure  of  sngar,  provided 
the  former  avail  Iheinselves  uf  the  aidi  which  chemical  and  mechanical  acicnee  are  pt*? 
to  supply. 

In  every  part  of  ihe  Behar  and  PutTin  districts,  several  of  Ibe  confectioners  prepare 


'  article  called  ihukkttr,  which  is  entirely  rimilnr  in 

Jamaica  sugar*.    They  prepare  il  by  putting  some  of  the  thin  extn 

into  coarse  sackcloth  bogs,  and  by  layin;;  weights  on  them,  they  squceie ' 

a  process  perfectly  analogons  lo  that 
contemplated  in  several   English  pal- 

The  ingar-miU  at  Chica  BaDapin 
is  worked  hy  a  single  pur  of  baJTaba 
or  oxen,  fig.  1082,  goinf  roaml  wiA 
the  lever  A,  which  is  fixed  on  the  tof 
of  Ibe  right-hand  roller.  The  two 
rollers  have  endless  screw  heads  a, 
which  are  formed  of  4  spiral  frnma 
and  4  spiral  ridges,  cut  in  opfiaaile 
directions,  which  tnra  into  one  aa- 
other,  when  Ihe  mill  ia  workiag. 
These  rollers  and  Iheir  bead*  are  i 
one  piece,  made  of  ihe  tonghecl  and 
hardetl  wood  that  can  be  got,  and  Md 
a*  wiU  not  impart  any  bad  taste  to  the  juice.  They  are  supported  in  a  ^iek  stra^ 
mwden  ftame,  and  their  distance  from  each  other  is  regulated  by  means  of  wedg^ 
vUeh  paia  through  mortiMi  in  the  frame  planks,  and  a  groove  made  ia  «  bit  of  mbc 
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sort  of  hard  wood,  and  press  apon  the  axis  of  one  of  the  rollers.  The  axis  of  the  other 
presses  against  the  leA-hand  side  of  the  hole  in  the  frame-boards.  The  cane  juice  runs 
down  the  rollers,  and  through  a  hole  in  the  lower  frame>board,  into  a  wooden  couductori 
which  carries  it  into  an  earthen  pot.  Two  long-pointed  stakes  or  piles  are  driven  into 
the  earth,  to  keep  the  mill  steady,  which  is  all  the  fixing  it  requires.  The  under  part  of 
the  lowermost  plank  of  the  frame  rests  upon  the  surface  of  the  ground,  which  is  chosen 
level  and  very  firm,  that  the  piles  may  hold  the  faster.  A  hole  is  dug  in  the  earth,  im- 
mediately below  the  spout  of  the  conductor,  to  receiv»the  pot. 

The  mill  used  in  Bordwan  and  near  Calcutta,  is  simply  two  small  wooden  cylinders, 
grooved,  placed  horizontally,  close  to  each  other,  and  turned  by  two  men,  one  at  each 
end.  This  simple  engine  is  said  completely,  but  slowly,  to  express  the  juice.  It  is  very 
cheap,  the  prime  cost  not  being  two  rupees ;  and  being  easily  moved  from  field  to  field, 
it  saves  much  labor  in  the  carriage  of  the  cane.  Notwithstanding  this  advantage,  so  rude 
a  machine  must  leave  a  large  proportion  of  the  richest  juice  in  the  cane-trash. 

It  is  curious  to  find  in  the  ancient  arts  of  Hindostan  exact  prototypes  of  the  sugar-roll- 
ers, horizontal  and  upright,  of  relatively  modern  invention  in  the  New  World. 

The  sugar-mill  of  Chinapatam,  fig,  1083,  consists  of  a  mortar,  lever,  pestle,  and  regu- 
lator.   The  mortair  is  a  tree  about  10  feet  in  length,  and  14  inches  in  diameter :  a  is  a 

1083  P^^^  ^^  i^  upper  end ;  b 

is  an  outside  view ;  and 
c  is  a  vertical  section. 
It  is  sunk  perpendicu- 
larly into  the  earth,  leav- 
ing one  end  2  feet  above 
the  surface.  The  hol- 
low is  conical,  truncated 
downwards,  and  then 
becomes  cylindrieal, 
with  a  hemispherical 
projection  in  its  bottom, 
to  allow  the  juice  to  run 
freely  to  the  small  open- 
ing that  conveys  it  to  a 
spout,  from  which  it 
falls  into  an  earthen  pot. 
Round  the  upper  mouth 
of  the  cone  is  a  circular 
cavity,  which  collects  any  of  the  juice  that  may  run  over  from  the  opfjer  ends  of  the  pie- 
ces of  cane;  and  thence  a  canal  conveys  this  juice,  down  the  outside  of  the  mortar,  to 
the  spout.  The  beam  d,  is  about  16  feet  in  length,  and  6  inches  in  thickness,  being  cut 
out  from  a  large  tree  that  is  divided  by  a  fork  into  two  arms.  In  the  fork  an  excavation 
is  made  for  the  mortar  fr,  round  which  the  beam  turns  horizontally.  The  surface  of  this 
excavation  is  secured  by  a  semi-circle  of  strong  wood.  The  end  towards  the  fork  is  quite 
open,  for  changing  the  beam  without  trouble.  On  the  undivided  end  of  the  beam  sits 
the  bullock-driver  e,  whose  cattle  are  yoked  by  a  rope  which  comes  from  the  end  of  the 
beam ;  and  they  are  prevented  from  dras!:ging  out  of  the  circle  by  another  rope,  which 
passes  from  the  yoke  to  the  forked  end  of  the  beam.  On  the  arms  /,  a  basket  is  placed, 
to  hold  the  cuttings  of  cane ;  and  between  this  and  the  mortar  sits  the  man  who  feeds  the 
mill.  Just  as  the  pestle  comes  round,  he  places  the  pieces  of  cane  sloping  down  into  the 
cavity  of  the  mortar ;  and  after  the  pestle  has  passed,  he  removes  those  that  have  been 
squeezed. 


or  THE  MANUFACTUaK  OF  SUOAE  IN  THE  WEST  INDHEfl. 

Cane-juice  varies  exceedingly  in  richness,  with  the  nature  of  the  soil,  the  culture,  the 
season,  and  variety  of  the  plant.  It  is  an  opaque  fluid,  of  a  dull  gray,  olive,  or  olive- 
green  color ;  in  taste,  balmy  and  saccharine ;  exhaling  the  balsamic  odor  of  the  cane ; 
slightly  viscid;  and  of  a  specific  gravity  vatying  from  1*033  to  M06,  according  to  cir- 
cumstances. When  fresh,  it  consists  of  two  parts ;  the  one  liquid,  the  other  solid ;  the 
latter  of  which  being  merely  suspended  in  the  former,  and,  therefore,  separable  in  a  great 
measure  by  filtration  or  repose.  The  solid  matter  consists  of  fragments  of  the  cellular 
parenchyma  of  the  cane,  its  fibres,  and  bark,  mechanically  protruded  through  the  mill ; 
mixed  with  a  very  abundant  greenish  substance,  like  that  called  chlorophyle  by  che- 
mists. 

When  left  to  itself  in  the  colonial  climates,  the  juice  runs  rapidly  into  the  acetous 
fermentation;  twenty  minutes  being,  in  many  cases,  sufficient  to  bring  on  this  destruc- 
tive change.    Hence  arises  the  necessity  of  subjecting  it  inmiediately  to  clarifying  pro* 
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eesses,  speedy  ia  their  action.  When  deprived  of  its  green  fecnla  aad  glatinoiis  extime- 
tive,  it  is  still  subject  to  fermentation ;  but  this  is  now  of  the  vinoas  kind.  The  jnice 
flows  from  the  mill  through  a  wooden  gutter  lined  with  lead,  and  being  eoadacted  iato 
the  sugar-house,  is  received  in  a  set  of  large  pans  or  caldrons,  called  clarifiers.  On  es- 
tates which  make  on  an  average,  during  crop  lime,  from  15  to  20  hogsheads  of  sugar  a 
week,  three  clarifiers,  of  from  300  to  400  gallons'  capacity  each,  are  sufficieut.  With  pan 
of  this  dimension,  the  liquor  may  be  drawn  ofl*  at  once  by  a  stop-cock  or  syphon,  withoot 
disturbing  the  feculencies  aAer  they  subside.  Each  clarifier  is  hung  over  a  separate  fire, 
the  flue  being  furnished  with  a  damper  for  checking  th«!  combustion,  or  cxting:uishlBg  it 
altogether.  The  clarifiers  are  sometimes  placed  at  one  end,  and  sometimes  iQ  the  niSdk 
of  the  house,  particularly  if  it  possesses  a  double  set  of  evaporating  pans. 

Whenever  the  stream  from  the  mill  cistern  has  filled  the  clarifier  with  fresh  juice,  ihe 
fire  is  lighted,  and  the  temper,  or  dose  of  slaked  lime,  diflfused  uniformly  throagh  a  littk 
juice,  is  added.  If  an  albuminous  emulsion  be  used  to  promote  the  clarifying,  very  littk 
lime  will  be  required;  for  recent  cane-liquor  contains  no  appreciable  portion  of  acid  to  be 
saturated.  In  fact,  the  lime  and  alkalis  in  general,  when  used  in  small  quantity,  seem 
to  coagulate  the  glutinous  extractive  matter  of  the  juice,  and  thus  tend  to  brighten  it  ap. 
But  if  an  excess  of  temper  be  uatd,  the  gluten  is  taken  up  again  by  the  strong  afllnily 
which  is  known  to  exist  between  sugar  and  lime.  Excess  of  lime  may  always  be  cor- 
rected by  a  little  alum-water.  Where  canes  erow  on  a  calcareous  marly  soil,  in  a  favor- 
able season,  the  saccharine  matter  gets  su  thoroughly  elaborated,  and  the  glutinoos  ms- 
cilage  so  completely  condensed,  that  a  clear  juice  and  a  fine  sugar  may  be  obCaiaei 
without  the  use  of  lime. 

As  the  liquor  grows  hot  in  the  clarifier,  a  scum  is  thrown  up,  consisting  of  the  coags- 
Uted  feculencies  of  the  cane-juice.  The  fire  is  now  gradually  urged  till  the  temperatvre 
approaches  the  boiling  point ;  to  which,  however,  it  roust  not  be  8ufi*ered  to  rise.  It  k 
known  to  be  sufficiently  heated,  when  the  scum  rises  in  blisters,  which  break  into  while 
froth;  an  appearance  observable  in  about  forty  minutes  after  kindling  the  fire.  Tht 
damper  being  shut  down,  the  fire  dies  out ;  and  after  an  hour's  repose,  the  clarified  liqaor 
is  r^y  to  be  drawn  off  into  the  last  and  largest  in  the  series  of  evaporating  pans.  Ia 
the  British  colonies,  these  are  merely  numbere<l  1,  2,  3,  4,  5,  beginning  at  the  smallest, 
which  hangs  right  over  the  fire,  and  is  called  the  teache ;  because  in  it  the  trial  of  the 
'sirup,  by  touchy  is  made.  The. flame  and  smoke  proceed  in  a  straight  line  along  a  fine  to 
the  chimney-stalk  at  the  other  end  of  the  furnace.  The  area  of  this  flue  proceeds,  with 
a  slight  ascent  from  the  fire  to  the  aperture  at  the  bottom  of  the  chimney;  so  thai  be- 
tween the  surface  of  the  grate  and  the  bottom  of  the  teache,  there  is  a  distance  of  28 
inches ;  while  between  the  bottom  of  the  lluc  and  that  of  the  grand,  No.  5,  at  the  other  end 
of  the  range,  there  are  barely  18  inches. 

In  some  sugar-houses  there  is  planted,  in  the  angular  space  between  each  boiler,  a 
basin,  one  foot  wide  and  a  few  inches  deep,  for  the  purpose  of  receiving  the  scum  which 
thence  flows  off  into  the  grand  copper,  alom?  a  gutter  scooped  out  on  the  margin  of  the 
brick-work.  The  skimmings  of  the  grand  are  thrown  into  a  separate  pan,  placed  at  ill 
side.  A  large  cylindrical  cooler,  about  six  feet  wide  and  two  feet  deep,  has  been  plac^ia 
certain  sugar-works  near  the  teache,  fur  receiving  successive  charges  of  its  inspissated 
sirup.  Each  finished  charge  is  called  a  skipping,  because  it  is  skipped  or  laded  oat 
The  term  striking  is  also  applied  to  the  act  of  emptying  the  teadu.  When  upon  one  skip- 
ping of  sirup  in  a  state  of  incipient  granulation  in  the  cooler,  a  second  skipping  is  pour- 
ed, this  second  congeries  of  saccharine  particles  agglomerates  round  the  first  asitac/nof 
crystallization,  and  produces  a  larger  grain  ;  a  result  improved  by  each  successive  skip- 
ping. This  principle  has  been  long  known  to  the  chemist,  but  does  not  seem  to  have 
been  always  properly  considered  or  appreciated  by  the  sugar-planter. 

From  the  above  described  cooler,  the  sirup  is  transferred  into  wooden  chests  or  bo3teB, 
open  at  top,  and  of  a  rectangular  shape;  also  called  coolers,  but  which  are  more  properly 
crystallizers  or  granulators.  These  are  commonly  six  in  number;  each  being  about  one 
foot  deep,  seven  feet  lone,  and  five  or  six  feet  wide.  When  filled,  such  a  mass  is  collect- 
ed, as  to  favor  slow  cooling,  and  consequent  large-grained  crystallization.  If  these  bom 
be  too  shallow,  the  grain  is  exceedingly  injured,  as  may  be  easily  shown  by  pouring  some 
of  the  same  sirup  on  a  small  tray  ;  when,  on  cooling,  the  sugar  will  appear  like  a  muddy 
sof\  sand. 

The  criterion  by  which  the  negro  boilers  judge  of  the  due  concentration  of  the  strop 
in  the  teache,  is  difficult  to  describe,  and  depends  almost  entirely  on  the  sagacity  and 
experience  of  the  individual.  Some  of  them  judge  by  the  appearance  of  the  ineipieat 
grain  on  the  back  of  the  cooling  ladle;  but  most  decide  bj'Uhe  touch,'*  that  is,  the  fed 
and  appearance  of  a  drop  of  the  sirup  pressed  and  then  drawn  into  a  thread  between 
the  thumb  and  fore-finger.  The  thread  eventually  breaks  at  a  certain  limit  of  exten- 
sion,  shrinking  from  the  thumb  to  the  suspended  finger,  in  lengths  somewhat  proper- 
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;  inspissatioa  of  the  sirap.  Bnt  the  appearance  of  srranulalion  in  the  thread 
e  considered ;  for  a  viscid  and  damaged  sirup  may  give  a  long  enough  thready 
Id  almost  no  crystalline  grains  when  cooled.  Tenacity  and  granular  aspect 
ore,  be  both  taken  into  the  account,  and  will  continue  to  constitute  the  prac- 

to  the  negro  boiler,  till  a  less  barbarous  mode  of  concentrating  cane-juice 
sd  for  the  present  naked  teache,  or  suf^ar  frying-pan, 

k  sugars  are  such  as  contain  an  inferior  proportion  of  carbon  in  their  com* 
8  first  deduced  by  me  from  my  experiments  on  the  ultimate  analysis  of  vege- 
limal  bodies ;  an  account  of  which  was  published  in  the  Philosophical  Trans- 
he  Royal  Society  for  1822.  Since  then,  Dr.  Prout  has  arrived  at  results 
r  of  my  views.  See  Philosophical  Transactions  for  1827.  Thus,  he  found 
»ndy,  and  the  best  refined  sugar,  to  contain  42-85  parts  of  carbon  per  cent. ; 
su^ar-candy,  41*9  parts ;  East  India  raw  sngar  in  a  thoroughly  dry  state,  but 
alily,  40*88 ;  manna  suear,  well  refined,  28*7 ;  sugar  from  Narbonne  honey^ 
ir  from  starch,  36*2.  Hence,  by  caramelizing  the  sirup  in  the  teaduy  not 
crystallizable  sugar  blackened,  but  its  faculty  of  crystallizing  impaired,  and 
r  portion  rendered  weaker. 
I  sirup  containing  much  gluten  and  sugar,  altered  by  lime,  requires  a  higher 

to  enable  it  to  granulate  than  a  pure  saccharine  sirup ;  and  therefore  the 
r,  though  a  useful  adjuvant,  can  by  no  means  be  regarded  as  a  sure  guide,  in 
the  proper  instant  for  ttriking  the  teacke, 

lial  curing-house  is  a  capacious  building,  of  which  the  earthen  floor  is  exca- 
*m  the  molasses  reservoir.  This  is  lined  with  sheet  lead,  boards,  tarras,  or 
ive  cement ;  its  bottom  slopes  a  little,  and  it  is  partially  covered  by  an  open 
me  of  joist- work,  on  which  the  potting  casks  are  set  upright.  These  are 
[y  sugar  hogsheads,  without  headings,  having  8  or  10  holes  bored  in  their 
ough  each  of  which  the  stalk  of  a  plantain  leaf  is  stuck,  so  as  to  protrude 
6  or  8  inches  below  the  level  of  the  joists,  and  to  rise  above  the  top  of  the 
act  of  transferring  the  crude  concrete  sugar  flrom  the  crystallizers  into  these 
s  called  potting.  The  bottom  holes,  and  the  spongy  stalks  stuck  in  them, 
lolasses  to  drain  slowly  downwards  into  the  sunk  cistern.  In  the  common 
eedure,  sugar  of  averai^e  quality  is  kept  from  3  to  4  weeks  in  the  curing, 
which  is  sofl-graiued  and  glutinous  must  remain  5  or  6  weeks.  The  curine- 
d  be  close  and  warm,  to  favor  the  liquefaction  and  drainage  of  the  viscid 

:0  millions  of  pounds  of  raw  sugar,  which  used  to  be  annually  shipped  by  the 
»  planters,  only  96  millions  were  landed  in  France,  according  to  the  authority 

constituting  a  loss  by  dramage  in  the  ships  of  20  per  cenL  The  average 
iste  at  present  in  the  sugars  of  the  British  colonies  cannot  be  estimated  at 

per  cent.,  or  altogether  upwards  of  27,000  tons !  What  a  tremendous  sacri- 
trty ! 

lese  few  years  a  very  considerable  *quantity  of  suear  has  been  imported  into 
in  in  the  state  of  concentrated  cane-juice,  containing  nearly  half  its  weight 
sugar,  along  with  more  or  less  molasses,  according  to  the  care  taken  in  the 
rations.  I  was  at  first  apprehensive  that  the  sirup  might  undergo  some 
tie  voyage ;  but  among  more  than  a  hundred  samples  which  I  have  analyzed 
•m-house,  I  have  not  perceived  any  traces  of  fermentation.    Since  sugar  softens 

at  each  successive  solution,  whatever  portion  of  the  erop  may  be  destined 
ler,  should  upon  no  account  be  granulated  in  the  colonies;  but  should  be 

in  the  state  of  a  rich  cane-sirup  to  Europe,  transferred  at  once  into  the 
cistern,  subjected  there  to  the  reaction  of  bone  black,  and  passed  through 
»r  through  layers  of  the  coarsely  groiftid  black,  previously  to  its  final  concen- 
e  vacuum  pan.  Were  this  means  generally  adopted,  I  am  convinced  that  30 
mid  be  added  to  the  amount  of  home-made  sugar  loaves  corresponding  to  a 
ity  of  average  cane-juice ;  while  30  per  cent,  would  be  taken  from  the 
lolasses.  The  saccharine  matter  now  lost  by  drainage  from  the  hogsheads  in 
noonting  to  from  10  to  15  per  cent.,  would  also  be  saved.  The  produce  of 
nld,  on  this  plan,  require  less  labor  in  the  colonies,  and  might  be  exported  5 
earlier  than  at  present,  because  the  period  of  drainage  in  the  curing-honse 
ured. 

ot  appear  that  our  sugar  colonists  have  availed  themselves  of  the  proper 
!tbod  of  counteracting  that  incipient  fermentation  of  the  cane-juice,  whieh 
opervenes,  and  proves  so  injurious  to  their  products.  It  is  known  that  grape. 
r  impregnated  with  sulphurous  acid,  by  running  it  slowly  into  a  eask  in 

sulphur  matches  have  been  burned,  will  keep  without  alteration  for  a  year; 

so  muledf  is  boiled  into  a  sirup  within  a  week  or  ten  days,  it  retains  no 

odor.    A  Tery  slight  muting  woold  sufilce  for  the  most  fermentable 
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juice ;  and  it  could  be  easily  given,  by  barning  a  sulphur  match  within  tbc  cialeni  !■■•> 
diately  before  charging  it  from  the  mill.  The  cane-jniee  should,  in  this  case,  be  httui 
in  the  clarifier,  »o  as  to  eipel  the  sulphurous  acid,  before  adding  the  temper  lime;  fit 
otherwise  a  little  calcareous  sulphite  might  be  introduced  into  the  sugar.  Thot  Iki 
acescence  so  prejudicial  to  the  sacchaiine  granulation  would  be  certainly  prerented. 

An  Account  of  Sugab  Imported  into  the  United  Kingdom  during  the  jears  enfing  Sik 

January,  1837,  and  5th  January,  1838. 


Sugar,  unrefined ; 
▼ix. — of  the 

Britieh  ponea- 
■ioDsin  Araeiica, 

Of  Mauritius, 

Bast  India  biit- 
iah  poaaeaaions, 

EMt  India  For- 
eign poaaeaaiuna, 

Other  aorta 

Total, 

Qnantitiea  imported. 

Quantitiaa  enterad  for  HoaM 
Cananmptiaei. 

Gnw  aoMutflfOM^ 

1837. 

1838. 

1837. 

1838. 

1837. 

mi 

Cwt.    qr.  lb. 

3.600,516  3    9 
497,303  0    8 

153,290  1  13 

71.464  9    0 
397,647  1  19 

Cwt.    qr.  lb. 

3,304,009  9    9 
537,054  1  91 

906,677  2  19 

77,000  0  18 
966,550  9  94 

Cwt.    qr.  lb. 

3  906.641  1  19 
518.998  0    5 

110,936  9    0 

90  3  18 
31  I    6 

Cwt.    qr.  lb. 

3,568,703  1  9i 
599,348  3  11 

970,140  1    S 

3  3  II 
r  3  10 

3,056379 
631,906 

176,376 

66 

41 

n 

m 

4.640.161  0    7 

4,481,474  1  91 

3,09\I40  0  90 

4,355,940  1    S 

4,754,956 

i^nun 

An  Account  of  Sugar  Exported  in  the  year  ending  5th  January^  1838,  compared  wA 

the  Exports  of  the  preceding  Year. 


Sugar,  of  the  British  possessions  in  America 

Mauritius 

East  India,  of  British  possessions 
Foreign        do. 
Other  sorts        -        -        -        -        - 

1837. 

1638. 

Cwta.    qra.  Iba. 

8,774  1  15 

2,687  3  14 

22,290  3  16 

52,384  0    4 

191,061  0  20 

Cwrts.    qta.  Ai. 

9;»{7  0  21 

3,065  0  0 

13;»3  0» 

68,252  2  18 

364,513  1  S 

Sirup  intended  for  forming  clayed  sugar  must  he  somewhat  more  concentrated  ia  the 
teache,  and  run  off  into  a  copper  cooler,  capable  of  receiving  three  or  four  mccwuft 
akippings.  Here  it  is  stirred  to  ensure  uniformity  of  product,  and  is  then  transferred  ly 
ladles  into  conical  moulds,  or  formes,  made  of  coar^  pottery,  having  a  small  oriiee  H 
the  apex,  which  is  stopped  with  a  plug  of  wood  wrapped  in  a  leaf  off  maize.  That 
pots  are  arranged  with  the  base  upwards.  As  their  capacity,  when  largest,  is  gitidf 
less  than  that  of  the  smallest  pot  ting-casks,  and  as  the  process  lasts  several  weeLi)  the 
claying-house  requires  to  have  very  considerable  dimensions.  Whenever  the  sirap  is 
properly  granulated,  which  happens  u.sually  in  about  18  or  20  hours,  the  pines  aie 
removed  from  the  apices  of  the  cones,  and  each  is  set  on  an  earthen  pot  to  receive  the 
drainings.  At  the  end  of  24  hours,  the  cones  are  transferred  over  empty  pots,  and  tke 
molasses  contained  in  the  former  ones  is  either  sent  to  the  fermentine>bouse  or  mU. 
The  claying  now  besins,  which  consists  in  applying  to  the  smoothed  surface  of  tk 
sugar  at  the  base  of  the  cone,  a  plaster  of  argillaceous  earth,  or  tolerably  tenaeioos  loia 
in  a  pasty  slate.  The  water  diffused  among  the  clay  escapes  from  it  by  slow  iafiltn- 
tion,  and  descending  with  like  slowness  through  the  body  of  the  sugar,  carries  akaj; 
with  it  the  residuary  viscid  sirup  which  is  more  readily  soluble  than  the  giaanJalid 
particles.  Whenever  the  first  magma  of  clay  has  become  dry,  it  is  replaced  by  a  secoad; 
and  this  occasionally  in  its  turn  by  a  third,  whereby  the  sugar  cone  gets  tolerably  while 
and  clean.  It  is  then  dried  in  a  stove,  cut  transversely  into  /ntila,  crushed  into  a  coane 
powder,  on  wo<Mlen  trays,  and  shipped  off  for  Europe.  Clayed  sugars  are  sorted  iolo 
different  shades  of  color,  according  to  the  part  of  the  cone  from  which  they  were  col; 
under  the  denomination  in  French  commerce  of  premier,  Hcimd,  iroUiefne,  petit,  comwtm, 
and  tete ;  the  last  or  the  tip  being  an  indifferent  article.  The  clayed  sugar  of  Cnbaii 
called  Havana  sugar,  from  the  name  of  the  shipping  port. 

Clayed  sugar  can  be  made  only  from  the  ripest  cane-juice,  for  that  which  eoatiHi 
much  gluten  would  be  apt  to  get  too  much  burned  by  the  ordinary  process  of  boiliog,  to 
bear  the  claying  operation.  The  sirups  that  run  off  from  the  second,  third,  and  fiMitfa 
applications  of  the  clay-paste,  are  concentrated  afresh  in  a  small  building  apart,  '^^^ 
the  refinery,  and  yield  tolerable  sosars.  Their  drainings  go  to  the  molasses  cistern.  Tke 
eones  remain  for  20  days  in  the  claying-house,  before  the  sugar  is  taken  out  of  them. 

Claying  is  seldom  bad  recourse  to  in  the  British  plantations,  on  account  of  tbe 
increase  of  labor,  and  diminution  of  weight  in  the  produce,  for  which  the  improTcmeot 
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Baw,  or  muscOTsdo  iag>r,  ■)  imported  from  the  coIodjm,  i»  coauminBied  man  or 
leu  with  gluten,  lime,  but  psflieulirlT  earamtl,  which  give  its  grmini  a  Tclloir  brown 
tint,  an  empfreumalic  odor,  md  ■  soft  clammy  feel  in  Ihe  band.  If  sach  sogar  be  dis- 
solved in  water,  etid  tbe  siru|)  be  eraporatH  bj  ■  penile  heat,  it  will  afford  a  sugar  of 
Mill  inferior  quality  and  mppearance.  This  rapid  deteiioratioa  is  in  some  measure 
owing  to  the  injurions  operalion  of  ■  prolonged  beat  upon  the  crystalline  strnclore,  but 
CbieSy  to  the  chemical  reaction  of  ihe  glalinons  ferment  intl  lime  upon  Ibe  augar. 
7*he  Brsi  care  of  Ibe  reSner  abould  therefore  be  Ihe  immediate  abstraction  of  these 
■oxiuDs  altenUii^s,  nhkh  he  ell'ecli  by  the  process  called  meilingi ;  that  it,  mixing  np 
the  lUEar  in  ■  pan  with  hoi  valer  or  steam  into  a  pap,  and  tian»ferrini;  this  pap  into 
large  susar-moulds.  Whenever  these  become  cool,  their  points  are  unplugged,  and  they 
Ric  Kl  to  drain  for  a  few  days  in  a  warm  apartment.  Sugar  thus  cleansed  is  well  pre- 
pared for  the  next  refining  piocesa;  which  concisls  in  putting  it  into  a  large  square 
copper  cistern  alon|;  with  some  lime-water,  (a  little  bollock's  bkKid,)  and  from  5  to  90 
per  cent,  of  bone  black,  and  blowing  it  up  with  steam;  or,  in  other  words,  injecting 
■learn  throoih  the  miitore  from  nuoierous  orifices  in  copper  pipes  laid  along  the 
bottom  and  sides  of  the  vessel.  Under  the  ioBuence  of  the  beat  and  agitation  Ihiu 
occasioned,  the  saccharine  matter  is  pcTfecIlydissolTedand  incorporated  with  the  albumen 
of  (he  blood  nod  the  hone  black.  Instead  of  the  blood,  many  refiners  employ  a  mixture  of 
gelatinous  alumina  and  gypsum,  called  JlniNgt,  prepared  by  adding  a  solution  of  alum  to 
«  body  nf  lime-Water,  collecting,  washing,  and  draining  the  precipitate  upon  a  fitter. 
lORl  Other  refiners  use  both  (he  blood  and  fining!,  with  advantage. 

Bone  black  is  ivow  very  frequently  emjiloyed  bj  the  sugar-refiner, 
not  in  a  fine  meal,  but  in  a  granular  state,  like  corned  gunpowder, 
for  the  purpose  of  decoloring  his  sirups  ;  in  vhieh  case,  be  places 
it  in  B  box,  in  ■  stratum  8  or  10  inches  thick,  and  makes  the 
sirup  percolate  downwards  through  it,  into  a  cistern  placed  be- 
neath. By  this  means  it  is  deprived  of  color,  and  forms  the 
tlairet  of  the  French  refiner.  When  the  blowing  op  cistern  ii 
charged  with  sugar,  finely  gronnd  bone  black,  and  blood,  the  mix- 
tore  must  be  passed  through  a  proper  system  of  filters.  That 
now  most  in  use  is  the  creased  bag  filler,  represented  iafigi.  10S4 
I0R5,  lOHfi. 

llie  apparatos  consists  of  an  Dpiight  sqoare  wooden  ease  a,  a, 
about  <i  orft  (iei  high,  furnished  with  a  door  of  admiitton  to  arrange 
Ihe  interior  objects  i  beneath  is  ■  cistern  with  an  edocting-pipe  lor 
receiving  and  carrying  off  the  filtered  liquor;  and  above  the  caw 
is  nnnther  ciMcrn  i,  which,  like  the  rest,  is  lined  with  tinned  sheet 
copper.  Into  tlie  upper  cistern,  the  Firnp  mixed  with  animal 
chai  coal  is  introduced,  nnd  passes  thence  into  the  mouths  e,  e,  of 
Ihe  several  filters  d,  d.  These  consist  each  of  a  bag  of  thick 
tweeled  cotton  cloth,  about  12  or  IS  inches  in  diamett-r,  and  6  or 
S  feet  long,  which  is  inserted  into  a  narrow  bottninleta  bag  «f 
canvass,  about  S  inches  in  diameter,  for  the  purpose  of  fotdiog  Iha 
filler-bag  up  into  n-small  space,  and  thus  enabling  a  great  extent 
of  filtering  surfaces  to  be  compressed  into  one  box.  The  orifice  of 
each  compound  bag  is  tied  round  a  conical  bras*  mooth-pieee  or 
nozzle  f,  which  screws  tight  into  a  eorreipoBding  opening  in  (be 
copper  bottom  of  the  npper  cislem.  From  40  to  SO  bags  are  mounted 
in  each  filter  case.  The  liqnor  which  first  pastes  is  generally  tinged 
a  little  with  the  bone  black,  and  must  be  pumped  back  into  the  upper  cistern,  for  rcBl- 
tnlion.  In  cold  weather  the  interior  of  the  case  may  be  kept  warm  by  a  proper  dia- 
tfibfllioD  of  steam-pipes.  Fig.  10S5  shows  one  mode  of  forming  the  fonnal-shaped 
noailes  of  the  bags,  in  which  they  are  fixed  hf  a  bayonet  catch.  Fig.  1086  shows  tbt 
■ame  made  fast  by  means  of  a  screwed  cap,  which  is  more  tecure. 

The  next  process  in  sugar-refining  is  the  evaporation  of  the  ctaiified  sirup  to  tba 
granulating  or  crystalliiing  pitch.  The  more  rapidly  thit  ii  effected,  and  with  the  leM 
•corching  injury  from  fire,  the  belter  and  greater  is  the  product  in  sugar-kMTea,  N* 
apparatus  answers  the  refiner's  double  porpoae  of  safhty  aad  expedition  so  well  M  Iha 
aenum-pan  of  Howard. 
Fig.  10H7  shows  the  stmctnre  of  a  single  vaeunm^iBn.  The  horiiontal  diamela  at 
Iha  copper  spheroU  a,  it  not  IcM  than  a  feet  {  tbe  deptb  t£  tbe  nnder  bemliphm  Ja  af 
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iMM  IS  ioehe*  fhm  the  Inel  of  the  pUne ;  lad  the  height  of  the  doaM-eover  b  tM 
The  two  houiipherei  (of  which  the  inferior  one  ii  double,  or  haa  ■  McaB-JMhcl)  m 
pDt  together  by  bolls  anil  Krew«,  with  p^ckinf  between  the  (Ungta  to  pfoem  Ol 
joinli  light  ■gainat  ■imoapheric  prcuure.  The  Juliet  of  the  lower  hemiipbere  ftm 
the  cate  of  the  slnin,  which  eommnnicatea  heat  to  the  limp  enclosed  in  tbr  ioMr  k*- 
itphere.  In  general,  Ibe  pans  conlain,  when  filled  to  the  Oangr,  100  galloM  </  M% 
and  jield  about  1 1  ewl«.  of  graanlaled  angar,  at  eter?  charge. 

A,  repreicDti  the  (aeuam  spheroid;  a,  the  neck  with  the  lid.  Ftotn  the  aide  of  i,  i 
■-  ■'-e  lower  eatremily  oC  the  heat  pipe  c,  D,  whiek  tCTiDiaaua  ii  th 
Tcrtie*!  ^pe  k,  cmeo- 
ed  with  the  TMMB 
BWiiH>*l»  >>  proceelBl 
hoTinnitallr    fim    At 


the  ftinire).  At  the  «f 
of  I,  «  valTe,  moTotk 
by  aterew  H,  ia  [dacedbt 
eatablishing  or  eattnf 
off  the  conoeiicn  witt 
the  air-pamp  at  pjeuan. 
Behind  r,  i*  the  Ma- 
anre  ciateni,  from  whitk 
the  racccanre  chaitd 
are    admitted    iabi  Ik 

filled  with  the  deu  » 
by     openiag    Ik 
thep^ 

BCWU 

wiUfti 


in$  the  {cnanlatiBg  • 
rap.  Thiaplog  ■••*» 
edbynwaDaoTapMV- 
tbl  lerer  aiiached  tat! 
the  eonnexion  with  Ac 
air-pump  beini:  pen- 
ooaly  intercepted.  !,■ 
the  barometer,  or  Ma- 
nometer, Ibr  •bowif 
the  slate  of  the  vana 
corteBpODdinit  to  (he 
temperature  h,  >,  ii  t 
citlem-pipe  ibr  rec^Ting  aay  Ultle  lirap  which  may  aeeideDlally  boil  oTcr  the  oeA  a 
Itt  contents  are  let  olT  by  ■  stopcock  at  its  bottom  from  time  to  time,  h  tbowi  tk 
place  of  the  pioof-tlick,  an  ingenioiu  brass  rod  for  taking  out  a  sample  of  ainip  wilhcU 
admitting  air.    See  infra. 

The  chariing.ciitem  contains  aboni  20  gallons.  This  quantity  at  airDp  bring  fatf 
admitted,  and  brought  In  a  certain  pitch  of  concentrelion,  a  second  measure  ii  ioln- 
dneed,  the  inspiuatiun  of  which  is  supposed  by  tome  refiners  to  eanse  an  afgloO)entica 
of  tacchariae  BiBtler  ronnd  the  first  crystalline  parliele*.  The  repetition  of  this  praeea 
for  two  or  three  times  is  imagined  to  prodace  the  large  brilliant  grain  a{  racnnin-paa 
angar.  This  hypolhesis  is  more  specious  than  sound,  becanse  tbe  granulating  sinp 
disehir];ed  from  the  pan  is  subjected  to  a  heat  of  180°  or  190°  in  [he  subjaeent  itean- 
ewed  receiver,  whereby  the  granulations  are  again  reduced  lo  a  very  small  aiie.  lata 
this  reeeiTer,  two  or  three  ikippings  or  discharges  of  the  pan  are  admitted  in  si 
and  the  whole  are  diligently  mixed  and  agitated  by  a  stirring  oar.  It  is  by 
that  Ihe  granulating  tendency  is  promoted  and  determined.  From  this  rccein 
enough  called  a  cooler)  tbe  monldsarc  filled  in  the  usual  way,  by  means  of  copper  bi 
or  large  ladlea. 

The  ease  of  the  under  hemisphere  of  Ihe  racnoBi-pan  is  filled  with  Meam,  genenlW 
nndcra  pressure  of  foar  or  flfc  ponndson  Ihe  square  inch  ;  Ihe  heal  of  which  causes  the  il- 
lerlor  lirup  to  boil  rapidly  while  the  air-pump  is  kept  in  action.  A  tmall  escape-pipebt 
WMte  iteau  mnM  be  placed  al  the  opposite  dde  of  the  eaae  or  jacket,  lo  ensare  il«  eqaal 
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(UalribiiliDD ;  la  iIm  a  itopeoek  below,  lo  let  off  ib«  waler  of  condcnsalkm.  Tfae  p«M 
r  Mre  iDounlH]  oa  iron  feet,  or  itiorl  piUan,  irhicti  inmlale  ibeni  rrom  the  floor,  snd  allow 
their  whole  lurfeee  lo  be  incpecteil,  and  anj  flan  lo  be  repaired.  The  air-pump  uiDally 
■taoda  ia  a  cold-water  cistern,  lo  Tavor  the  candenaalioa  o(  Ibe  aqarooa  vapor,  which  it 
dnwionloriheransi  and  it  iskept  in  cODStant  action  by  the B(«am-«iifiDe, being  atlached 
W  the  workiog-beaiD  or  ita  pislnn. 

Fif.  1088  eihibiU  the  «eaeral  arrangement  of  the  vacnani-pana,  and  Iheir  sobudiarr 
Here  are  ahown,  an  Iheground  floor,  tbe  heaters  «,t,  (miscalled  coolera),  into 


wUeh  the  conccntralfd  airop  is  let  down.  These  heaters  are  made  irf  copper,  in  one  piece, 
■vrroanded  wilh  a  eatl-iron  jacket,  bolted  at  Ibe  flan^  or  brim  lo  it.  Each  pan  contaioi, 
wkeo  full,  about  J50  gallons,  equivalent  to  nearly  39  cwts.  of  eryilallized  angar.  They 
«re  fomiabed  with  sleam-cocks  and  wasle  aleam-pipe!".  Under  the  level  of  tbe  apberoKb 
4,d,  Ihe  horizontal  main-pipe  is  seen,  for  aupplyin;  the  caiea  wilh  steam.  In  Ihe  face 
of  each  pan,  above  the  liae  6,  6,  ibe  handle  of  the  proof-aiick  appears,  like  that  of  a  itop- 
omIc.  The  dialribulion  of  Ihe  measore  eislerns,  and  some  other  parts  of  the  pans,  it 
digbtljr  varied  in  this  represenlalion  from  the  rarmer.  From  the  bollom  of  the  liqaer 
lliili  ml  c,  c,  pipes  descend  lo  the  cbargina  measures  a,  a,  below.  The  cislema  c,  c,  are 
■Mde  of  copper,  and  contain  each  about  400  gallons.  Six  lona  of  refined  sugar  can  be 
nnwd  oat  daily  in  a  three-pan  house. 
rtff.  1089  represents  in  seclion  snolher  form  of  the  Tacunm-pan.  a  is 
:r  vessel,  supported  by  four  iron  columna  b,  b.    It  may  be  disehatged  by  n 


Ae  pipe  e,  wbich  ii  wenred  with  •  etmieal  Tahe  d.    This  may  )m  openal  or  ahnt,  br 
KliatM  Ihe  lever*.    The  lower  of  the  two  hemMplwrei  cf  wUeh  the  pu  it  epHpoNd 
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18  double,  and  the  interstitial  simtefffy  is  filled  with  steam  by  the  pipe  g,  as  the  heitiH 
and  evaporating  agent,  h,  is  the  steam  valve ;  i,  the  pipe  for  the  efflux  of  the  eoBdeBM 
water,  fe,  a  tube  for  the  escape  of  the  air  at  the  conmiencement  of  the  opentioa.  I,ii 
an  apparatus  inserted  air-tight  into  the  cover  of  the  vacnum-pan,  and  which  dips  dm 
into  the  sirup;  serving  to  take  out  a  sample  of  it,  without  allowing  air  to  enter, iii 
hence  called  the  proof-stick.  The  construction  of  this  instrument  is  exhibited  in  fp, 
1091,  1092,  1093,  1094, 1095,  which  will  be  presently  explained,  m,  is  the  therroooelff, 
which  is  also  plunged  into  the  sugar ;  behind  it,  is  the  barcnneter.  «,  it  the  charger  m 
gauge-vessel,  filled  with  the  filtered  sirup,  which  it  discharges  by  the  pipe  n\  o,  b  tk 
cover  or  capital  of  the  vacuum-pan.  o',  is  a  safety-valve,  through  which  the  air  maj  k 
admitted,  aher  the  completion  of  the  process,  p,  is  a  bent  pipe,  slanting  downward^ 
with  a  stopcock  q,  at  its  end,  to  receive  the  superfluous  simp.  The  vapor,  which  ii 
disengaged  from  the  sirup  during  its  concentration,  is  extracted  from  the  top  of  tke 
pan  into  the  pipe  r,  passes  from  this  into  the  vessel  «,  which  is  divided  by  a  plate  of 
copper  into  two  compartments.  The  sirup  forced  over  accidentally  in  the  ebollitioi, 
goes  into  the  vessel  »,  and  passes  by  the  glass  tube  /,  into  the  pipe  p.  The  glsM  tvk 
serves  to  show  the  quantity  of  the  sirup  that  has  boiled  over,  so  that  it  may  be  dnvB 
aflf  when  necessary.  For  this  purpose,  the  stopcock  tt,  of  the  vessel  v,  must  beckMci, 
and  q  must  be  opened,  in  order  to  fill  v,  while  the  air  contained  in  it  escapes  into  tk 
pan.  The  stopcock  q,  being  then  shut,  and  u,  with  the  little  air-cock  x,  opened,  the  sinp 
will  flow  into  the  large  receiver  placed  beneath  it,  commonly  but  erroneously  called  t 
cooler ;  because  it  is  a  double  copper  basin,  with  steam  in  the  interstitial  space.  TU 
hot  steam  rushes  from  s,  into  the  cast-iron  vessel  y,  where  it  is  condensed.  2,  is  i  pife 
for  introducing  the  water  of  condensation  through  the  copper  rose  a\  The  condensed  water 
flows  through  the  pipe  6',  and  the  valve  e',  to  the  air-pump,  which  receives  moCuHi  tnm 
the  shaA  of  the  steam-engine. 
The  vacuum-pan  was  originally  heated  solely  by  the  admission  of  steam  between  tk 
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double  bottom ;  but  of  late  years  the  kit 
has  been  also  applied  to  the  sirup  throosk 
several  coils  of  pipe  placed  within  the  pta, 
filled  with  steam  at  a  temperature  maiy 
degrees  above  212^  F.,  sometimes  so  higk 
as  250°.  By  this  double  applicatioo  of 
heat,  the  evaporating  power  oJT  a  pan  ki 
been  vastly  increased.  The  klal  waM 
pans  have  a  eontideraUy  flat  boClOB,A* 
1090 ;  a  spiral  pipe,  lakl  close  upon  it;  nl 
between  the  under  hemisphere  and  Ik 
upper  one,  there  is  a  space  a,  a,  2|  fat 
high,  to  give  the  simp  room  for  ftothiM 
up  without  boiling  over.  The  space  i^  a 
the  bottom  receives  steam  of  eoaMi 
pressure,  and  the  spiral  tubes,  of  hkk 
pressure.  A  pan  like  this  is  now  making  w 
a  house  in  London,  which  is  to  woifc  of  J6 
tons  of  sugar-loaves  daily. 
The  proof-stick,  yig.  1095,  consists  of  a  cylindrical  rod,  capable  of  being  aerewed  air- 
tight into  the  pan  in  an  oblique  direction  downwards.  The  upper  or  exterior  end  isopen; 
the  under,  which  dips  into  the  simp,  is  closed,  and  has  on  one  side  a  slit  a  (fig$.  1091, 109Z) 
or  notch,  about  \  inch  wide.   In  this  external  tube,  there  is  another  shorter  tube  6,  eapaUe 
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of  moving  round  in  it,  throa^ 
an  arc  of  18(P.  An  opeaiif 
upon  the  under  end  e,  con«> 
tponds  with  the  slit  in  the  ooter  i 
tube,  so  that  both  naay  be  made  ! 
to  coincide,  flr,  1091,  A.  A 
wooden  plug  a,  is  put  in  te 
interior  tub^  but  so  as  not  Id 
shut  it  entirely.  Upon  Ik 
upper  end  there  is  a  prujeetiBa 
or  pin,  which  eatebes  in  a  dl 
of  the  inner  tube,  by  whkft 
this  may  be  turned  rooad  it 
pleasure.  In  the  lower  eidrf 
the  plug  there  is  a  hole  i^  whiA 


can  be  placed  in  communication  with  the  lateral  openings  in  both  tubes.    Henee  H  ii 
possible,  when  the  plug  and  the  inner  tnbe  are  brouifat  iiito.  <Im  proper 


-,  Iber 

d. 

WhcDevcr  a  prnoThM  been  tkben,  Ibe  wooden  ping  mast  be  placed  in  reremce  to  thit 
laaer  tnbe,  u  tbown  in  fig.  1091,  c,  and  then  be  lamed  inio  Ibe  poeilion  A  ;  irhen  the 
M*ilT  of  the  plag  will  ■(■in  be  filled  with  lirop.  c  masl  be  now  turned  back  to  Ihefor- 
MWposilion,  whereby  all  inlerconrae  with  the  yacnnm-pan  is  col  off;  Ibe  pln^beingdrawn 
*«t  a  little,  ind  placed  ont  of  comniDnication  with  Ihe  inner  tube.  The  ping  ii  then  tamed 
tnto  the  poiition  b,  drawn  out,  and  the  proof  eiunined  bf  Ibe  fingen. 


116°    120"    125°    130°    135°  140°    145°    150°    155°    160"    106°    170°    176". 

The  large  double  aleam-basin,  which  receives  leveral  loceeisive  •kippingi  of  Ibt 

CoaeenlrBled  granulnling  sirnp,  »erve»  lo  heal  it  from  the  lemperalure  of  160°  or  170°,  at 

which  it  leBYes  the  vacuum-pan,  np  lo  200°  or  thereby,  before il  ii  filled  onl  into  Ibe  moulda ; 

All  were  it  introduced  in  the  eoolei  state,  it  would  not  conerete  into  lofficieDlly  compact 
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elevation,  and  in  yig.  1097,  in  ground  plan.  a,ialbepaB| 
b,  iU  tpout;  c,  the  aiia  or  pivot  round  which  it  swings 
so  BS  lo  empty  iUelf,  when  raiaed  behind  by  the  chain  ij 
I,  is  the  famaee  door ;  /,  the  paaaage  to  ihe  fireplace  aad 
gniie  g  A,  h,  h,  side  fines  for  eondacting  Ihe  amoke  into  tha 
chimney 

The  duly  clarified,  concentrated,  granstnted,  and  re- 
heated sinip,  is  tranaferred,  by  mean*  a(  copper  basins,  bant 
the  coolers  into  conical  moulds,  made  either  of  brown  and 
somewhat  porous  earthenware,  or  of  sbeet  iron,  strongly 
painted  The  sizes  of  the  monlds  Tary,  fron)  a  capacity 
of  10  ponnd  loantt,  to  thai  of  66  ponnd  iattardi^t,  kind 
sf  soA  brows  anaBr  obuined  by  the  coocenlmtion  of  Ihe 
inferior  simps.  Thete  monlds  have  the  orifices  at  their 
tips  closed  with  bits  of  twisted  paper,  and  are  set  up  in 
rows  close  to  each  other,  in  an  airy  apaitmeBt  adjoining 
Ibe  coolers.  Here  Ibey  are  left  teretal  bonrs,  eonuDon^ 
the  whole  night,  alYer  being  filled,  till  thejt  MMenU 
tiecome  solid,  and  they  are  lifted  neit  mDTning  Into  an 
npper  fioor,  kept  it  ■  lemperatore  ofabont  80°  liy  means  of 
steam  pipe*,  and  placed  each  over  a  pol  to  receive  the  simp 
draininin — the  paper  ping  being  first  removed,  and  a  itcd 
wu«,  called  ■  piercer,  being  thrust  np  lo  clear  away  an; 
concretion  rrani  the  tip.  Insteul  of  setting  the  lower 
portion  of  the  inverted  conea  in  pots,  some  refiners  arrange  them  in  wooden  racks,  widi 
tbeir  apices  suspended  over  longitudinal  gntters  of  lead  or  line,  laid  with  a  slight  slope 
vpon  the  floor,  and  tcrminaling  in  a  snnii  cisteni.  The  simp  wbicfa  Sow*  off  spoD 
taDeonsly  is  called  green  lirap.  It  i*  kept  separate.  In  the  eonne  of  two  or  three 
Jays,  when  Ihe  drainage  is  nearly  eomidete,  aome  fiaelv  clarified  strap,  made  from  loef 
a^nr,  called  iifvor  by  the  refiaera,  is  ponred  lo  the  (Mf(h  of  about  an  inch  nptm  the 
bMB  of  each  e«te,  Ihe  aotftee  having  been  preriMily  rendered  level  and  solid  by  ea 
boa  tool,  eaUed  «  bottaniag  Iniwd.  The  liquor,  in  percolating  downwards,  being 
■Ire^  ■  saturated  simp,  can  diiaolve  sone  of  Ihe  crystalline  tngnr,  but  only  the 
eolored  molassy  mailer ;  whereby,BteachsneceaKveliqnoriag,  the  loaf  becomes  whiter, 
btim  the  base  to  the  apex.  A  few  moakis,  taken  pronbcnonsly,  are  emptied  from  tine 
to  time,  to  inspect  Ibe  progrcas  of  Ihe  blanching  operation ;  and  when  the  loaves  appear 
to  hate  acqnired  as  much  ajar,  acconltng  lo  the  language  of  refiners,  as  is  wanted  {ac 
the  particular  maiket,  ihey  are  removed  from  the  moulds,  turned  on  a  lathe  at  Ihe  tips,  if 
■eeeasary,  set  for  a  short  time  upon  their  bases,  to  diffoie  thch  moisture  equally  through 
Ilkem,  and  then  Iransfened  into  a  atove  healed  to  130^  or  140°  by  steam  pipes,  where  Ihrejr 
are  allowed  to  remain  for  two  ei  three  days,  tUl  they  be  baked  thoroughly  dry.  They  tte 
tkaa  taken  onl  of  the  BtoTe,  aad  put  up  in  blue  paper  (br  «ale. 

Id  the  above  deaeription  of  sngar-r^ing,  I  have  saud  nothing  of  the  proeew  of  clar- 
iaf  the  loavei,  becaoee  it  it  bow  nearly  obaolel^  aad  ebando&ed  In  all  well'<ppoinM 
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nfu-hoaua.  Tboaeof  ray  radert  who  dnire  to  beoHne  uqnaiDled  wiOi  „ 
Opoo  the  old  plan,  may  consult  ror  Heport  rzuule  upon  Iheiol^eet  tolbe  HoBorakle 
or  Commons  in  Jaly,  1S33  ;  where  they  will  find  every  step  detailed,  aiul  i1m  Bmnwi 
mult*  staled  with  iniaute  accuracy.  The  experimeot*  mbservient  to  that  offidal  rapMl 
were  instituted  purpoaeljr  lo  determine  the  average  yield  or  pradnet,  id  donUe  mad  ai^ 
reSned  loaves,  luinps,  bastards  and  treacle,  which  different  kinds  of  silFaT  woald  rfid 
per  cwl.,  when  refined  by  decobrin;  with  not  more  ihas  5  per  cent,  c^  boae  UW!k,tafiB| 
in  an  open  pan,  and  clearing  the  loaves  with  elay-pap. 

The  physical  characteis  which  serve  to  show  that  a  beet-root  is  oT  good  qBaEty,  n 
its  being  firm,  hrillle,  emillinK  a  creaking  noise  when  cut,  and  being  perfMtly  aoaid 
within  :  the  dugree  of  sweelneti  is  alio  a  ftood  indication.  The  45Ih  defrve  of  hlitaii 
appean  to  be  the  southern  limit  orthe  saccFSsTD!  ^owth  orbeet  ia  reference  lothecitmtiM 
orsuiar. 

Exlrarlian  of  Saj[cr  /rom  tlit  Btit.  —  The  Erst  inanipnhilioDi  lo  wbich  the  beeli  n 
■iposed,  are  inlendeil  lu  clear  them  from  the  adherinf  earth  and  stones,  as  weD  ai  Ac 
Abrons  roots  and  portioQEoT  the  neck.  Il  is  desirable  toexpoce  the  roots,  afler  this  ^leratii^ 
to  the  action  ofa  cjlinder  nashini;- machine. 

The  pareachynut  of  Ibe  beet  if  a  sponi;  mass,  whose  cells  are  filled  with  joiee.  IV 
cellular  tissue  itself,  which  funns  usually  only  a  twentieth  or  Iwentf-fiflta  of  the  vhoh 
weighl,  eoasisia  of  ligneous  fibre.  Compression  alone,  however  powerful,  is  invleqBli 
(o  (bree  out  bQ  the  liquor  which  this  tissue  contains.  To  cflrct  this  object,  the  nss 
nraat  be  subjected  to  the  action  uf  an  instrument  vhicb  will  tear  and  open  up  tk 
([realesi  possible  number  of  these  cells.  Experiments  have,  indeed,  proved,  that  1^  tk 
most  consiilrrahle  pressure,  not  more  than  40  or  50  per  cent,  in  Juice  from  ibe  bntos 
be  obtained  )  whilst  the  palp  procaretl  by  the  action  of  a  grater  prodaecs  froiii  TS  liiS 
pereenU 

1098  1«»         _ 


Tlie  beel.root  taspofMoulfirine  is  represented  in/(«i.  1099,  10«9.  o,  a,  b 
•mA  of  the  michinc  \  b,  the  feed-plale,  made  oT  cast  iron,  divided  by  a  ridi;e  into  tn 
parts ;  c,  the  hollow  drum ;  d,  its  shad,  upon  cither  side  of  whose  periphery  lals  an 
screwed  for  securing  the  saw  blades  (,  (,  which  are  packed  tight  against  eaeb  other  bj 
meant  of  laths  of  waod  i  /,  is  a  pinion  upon  the  shift  of  the  drum,  into  which  the  vAee)  f 
works,  and  which  ia  key^  upon  the  shafl  A,-  i,  is  the  dritingriggeri  k,  pillar  of  npport ; 
I,  blocks  of  wool!,  with  which  the  workman  pushes  the  beet-roots  against  the  revolving, 
rasp;  tn,  the  chest  for  receiving  the  beet-pap;  n,  the  wooden  cover  of  the  dram,  lined  wiA 
sheet  iron.    The  drum  should  make  500  or  600  lums  in  the  minnte. 

A  few  years  t»a,  M.  Dombaale  introduced  a  process  of  eitiaetiag  the  juiee  fraoi  Ike 
beet  without  either  rasping  or  bydraalie  pressure.  The  beets  were  cat  into  Ihin  aliee% 
by  a  proper  rotatory  blade-machine  i  these  slices  were  put  into  a  mae«t«ting  cistai, 
wilh  about  their  own  bulk  of  water,  at  a  lemperalnre  of  212°  F.  Alter  half  an  hoarH 
maceration,  the  liquor  was  said  to  have  s  density  of  S?  B.,  when  it  was  ran  off  into  a 
second  similar  cistern,  upon  other  beel-riMts ;  from  the  second  it  was  let  into  a  Ihii^ 
and  so  on  to  a  fifth ;  by  which  lime,  its  density  having  risen  to  St*,  it  was  ready  for  ite 
proeeM  of  defecation.  Juice  procured  in  this  way  is  transparent,  and  requires  Utile 
lime  for  its  purification ;  but  il  is  apt  lo  ferment,  or  to  have  it*  granolating  power  in- 
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by  the  watery  dilution.  The  process  has  been  accordingly  abandoned  in  most 
•stablishments. 

1  have  sera  the  foUowins^  operations  successfully  executed  in  a  beet-root  factory  near 
Lillcy  and  have  since  verified  their  propriety  in  my  own  laboratory  upon  white  beets, 
grown  near  Milcham  in  Surrey.  My  product  was  nearly  6  per  cent. ;  it  was  very  fbir, 
umI  large  trained,  like  the  vacuum-pan  sugar  of  Demerara,  but  without  its  clamminen. 

The  roots  were  washed  by  a  rotatory  movement  upon  a  gratinsr  made  like  an  Archime* 
des*  screw,  formed  round  the  axis  of  a  squirrel-cage  cylinder,  which  was  laid  horizontally 
beneath  the  surface  of  water  in  an  oblong  trough.  It  was  turned  by  hand  rapidly,  with 
the  intervention  of  a  toothed  wheel  and  pinion.  The  roots,  after  being  sufficiently 
agitated  in  the  water,  were  tossed  out  by  the  rotation  at  the  end  of  the  cylinder  furthest 
flrom  the  winch.  They  were  next  hoisted  in  a  basket  up  through  a  trap-hole  into  the 
floor  above,  by  means  of  a  cord  andpnlley  moved  by  mechanical  power;  a  six-horse  sieaa 
engine,  upon  Woolfe's  expansive  principle,  being  employed  to  do  all  the  heavy  work. 
They  were  here  subjected  to  the  mechanical  ^nili:r  (rape  mecanique),  see  Jigt,  1098, 1099, 
which  had,  upon  its  sloping  feed-table,  two  square  holes  for  receiving  at  least  two  beets 
at  a  time,  which  were  pushed  forwards  by  a  square  block  of  wood  held  in  the  workman's 
hand  by  means  of  a  strap.  Tlie  rasp  was  a  drum,  having  rows  of  straight  saws  placed 
half  an  inch  apart  round  its  periphery,  paralld  to  tht  axi$,  with  teeth  projecting  about 
i  of  an  inch.  The  space  between  each  pair  of  saws  was  filled  with  a  wedge  of  wood.  The 
steel  slips,  or  saw  plates,  were  half  an  inch  broad,  twelve  inches  long,  and  serrated  on 
both  their  longitudinal  edges,  so  that  when  the  one  line  of  teeth  was  blunted,  the  other 
could  be  turned  out.    The  dnim  made  750  turns  per  minute. 

The  pulp  from  the  rasp  fell  into  a  flat  troui^h  placed  beneath,  whence  it  was  shovelled 
tato  small  bags.  Each  bag  had  its  mouth  folded  over,  was  lakl  upon  a  wicker  plate,  and 
apread  flat  with  a  roliing-pin.  The  bags  and  hurdles  were  then  piled  in  the  hydraulie 
press.  There  were  three  presses,  of  which  the  two  allotted  to  the  first  pressure  were 
charged  alternately,  and  the  third  was  reserved  for  a  final  and  more  durable  pressure  of 
Ibe  marc.    See  Press,  hydraulic,  and  Stearine  Press. 

The  juice  flowed  over  the  edges  of  the  wicker  plates,  and  fell  into  the  sill-plate  of 
the  press,  which  was  furnished  wiih  upright  borders,  like  a  tray,  through  whose  front 
side  a  pipe  issued,  that  terminated  in  a  leathern  hose,  for  conducting  the  juice  into  an 
elevated  cistern  in  the  boiling-house.  Here  one  pound  of  slaked  lime  was  mixed  with 
every  four  hectolitres  (about  88  gallons  imp.)  of  juice.  The  mixture  was  made  to  boil 
for  a  little  while  in  a  round  pan  alongside,  whence  it  was  decanted  into  oblong  flat  filters, 
of  blanket  stuff.  The  filtered  liquor,  which  had  in  general  a  spec,  gravity  of  15^  Baum^ 
(about  double  that  of  the  fresh  juice),  was  now  briskly  concentrated  by  boilinir,  in  an 
oblong  pan,  till  it  acquired  the  density  of  28°  B.  The  fire  being  damped  with  raw 
coal,  the  sirup  was  run  otf  rapidly  by  a  stopcock  into  a  laree  basin  with  a  swing  handle, 
and  immediately  replaced  by  fresh  defecated  liquor.  The  basin  was  carried  by  two  men 
to  the  opposite  side  of  the  boiling-house,  and  emptied  into  a  cistern  set  on  a  high 
platform,  whose  horizontal  discharge-pipe  was  provided  with  a  series  (five)  of  stopcocks, 
placed  respectively  over  five  copper  chests  (inverted  truncated  pyramids),  containing  a 
thick  bed  of  granular  bone  black,  covered  with  a  perforated  copper  plate.  The  hot  simp 
thus  filtered  had  a  pale  stmw-color,  and  was  subsequently  evaporated  in  swing  pans,/lga, 
1096,  1097,  over  a  brisk  fire,  in  quantities  equivalent  to  half  a  cwt.  of  sugar,  or  foor 
liectoUtres  of  average  juice. 

KAPLE  sugar. 

The  manufacture  of  sugar  from  the  juice  of  a  speciesi  of  maple  tree,  which  groHV 
spontaneously  in  many  of  the  uncultivated  parts  of  North  America,  appears  to  have 
been  first  attempted  about  1752,  by  some  of  the  farmers  of  New  England,  as  a  branch  of 
mral  economy. 

The  su?ar  maple,  the  Jictr  saeehariwHm  of  Linnsns,  thrives  especially  in  the  States  of 
New  York  and  Pennsylvania,  and  yields  a  larger  proportion  of  sugar  than  that  which 
grows  upon  the  Ohio.  It  is  found  sometimes  in  thickets  which  cover  five  or  six  acres 
of  land ;  but  it  is  more  usually  interspersed  among  other  trees.  They  are  supposed  to 
arrive  at  perfection  in  forty  y^ars. 

The  extraction  of  maple  stoear  is  a  great  resonrce  to  the  inhabitants  of  districts  far 
removed  from  the  sea ;  and  the  process  is  very  simple.  AAer  selecting  a  spot  among 
sanronndinj?  maple  trees,  a  shed  is  erected,  called  the  sugar-camp,  to  protect  the  boilers 
and  the  operators  from  the  vicissitudes  of  the  weather.  One  or  more  augers,  three 
fourths  of  an  inch  in  diameter ;  small  trooshs  for  receiving  the  sap ;  tubes  of  elder  or 
•mnach,  8  or  10  inches  lone,  Inid  open  through  two  thirds  of  their  length,  and  corres- 
ponding in  size  to  the  aui^er-bits;  pails  for  emptying  the  troughs,  and  carrying  the  sap 
to  the  camp;  boflers  capable  of  holding  15  or  16  gallons;  moolds  for  receiving  the 
mnp  inspissated  to  the  proper  consistence  for  conrreting  into  n  lonf  of  sugar;  nnd^ 
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lastly,  hatchets  to  cat  and  cleave  the  fae),  nre  the  principal  otensQa  reqamte  for  fkm 
manuficture.     The  whole  of  February  and  beginning  of  March  are  the  aninu-  season. 

The  trees  are  bored  obliquely  from  below  upwards,  at  18  or  20  inches  above  the  groandi 
with  two  hole9  4  or  5  inches  asunder.  Care  musr  be  taken  that  the  anser  penetrates  is 
more  than  half  an  inch  into  the  alburnum,  or  white  bark ;  as  experience  has  proved  tint 
a  greater  discharge  of  sap  takes  place  at  this  depth  than  at  any  other.  It  is  also  advitt- 
ble  to  perforate  in  the  south  face  of  the  trunk. 

The  trough,  which  contains  from  two  to  three  gallons,  and  is  msnle  eommoaly  of 
white  pine,  is  set  on  the  ground  at  ihe  foot  of  each  tree,  to  receive  the  ssp  which  flows 
through  the  two  tubes  inserted  into  the  holes  made  with  the  anger;  it  is  collected  toceilier 
daily,  and  carried  to  the  camp,  where  it  is  poured  into  casks,  out  of  which  the  boilen 
are  supplied.  In  every  case,  it  oueht  to  be  twiled  within  the  coarse  of  two  or  three  dayi 
from  flowing  out  of  the  tree,  as  it  is  liable  to  run  quickly  into  fermentation,  if  the  weather 
become  mild.  The  evaporation  is  ursed  by  an  active  fire,  with  carefnl  skimming  doriif 
the  boiling ;  and  the  pot  is  continually  replenished  with  more  sap,  till  a  lar^e  body  has 
at  length  assumed  a  sirupy  consistence.  It  is  then  allowed  to  cool,  and  passed  throngka 
woollen  cloth,  to  free  it  from  impurities. 

The  sirup  is  transferred  into  a  boiler  to  three  fourths  of  its  capacity,  and  it  is  vrted 
with  a  brisk  fire,  till  it  acquires  the  rf*quisite  consistence  for  being  poured  into  the  moaUi 
or  troughs  prepared  to  receive  it.  This  point  is  ascertained,  as  usual,  by  its  exhibitiBf 
a  granular  aspect,  when  a  few  drops  are  drawn  out  into  a  thread  between  the  finger  an 
the  thumb.  If  in  the  course  of  the  last  boilinsr,  the  liquor  froth  up  considerably,  a  snaO 
bit  of  butter  or  fat  is  thrown  into  it.  A  Aer  the  molasses  have  been  drained  from  the  eoa- 
creted  loaves,  the  sugar  is  not  at  all  deliquescent,  like  equally  brown  sugar  from  the  caae. 
Maple  sugar  is  in  ta<<(te  equally  agreeable  with  cane  sugar,  and  it  sweetens  as  well.  Whci 
refined,  it  is  equally  fair  with  the  loaf  suear  of  Europe. 

The  period  during  which  the  trees  discharge  their  juices  is  limited  to  about  six  wedo. 
Towards  the  end  of  the  flow,  it  is  less  abundant,  less  saccharine,  and  more  difficult  to  he 
crystallized. 

Quantity  of  Sugar  brought  into  the  Markets  of  the  World,  in  the  year  1838. 


Tons. 

Bourbon    .            -             .             .  20,000 

Cuba         -            -             -             .  100,000 

Brazils      ....  95JOOO 

From  Beet-root,  in  Franee  >  ckom 

and  Belgium                     $          "  ^^^'"^ 

United  Slates        ...  eSfiOO 


Tons. 

British  West  Indies  -  -  160,000 

Mauriiias,    35,000 ;    and      )         ^.  ^^^ 

British  East  Indies  20,000  5  "    °^»""" 

Java  -  -        -  -    36,000 

Manilla  and  Siam  -  -    30,000 

Dutch  West  Indies  ^  -  -     25,000 

St.  Thomas  and  Sf.  Croix  -      7,000 

Martinique  and  Guadaloupe  -    80,000  738,000* 

SUGAR  OF  LEAD,  properly  Jctiate  of  had  (Jcetaie  de  pjomb ;  ScZ  di  SatMrwi, 
Fr. ;  Essigsaures  Bleioxydf  BUizuckery  Germ.),  is  prepared  by  dissolvinf^  pure  litharge, 
with  heat,  in  strong  vinegar,  made  of  malt,  wood,  or  wine,  till  the  acid  be  saturated. 
A  copper  boiler,  rendered  negatively  electrical  by  soldering  a  strap  of  lead  wiihio  it,  is 
the  best  adapted  to  this  process  on  the  great  scale.  325  parts  of  finely  ground  sad 
sifted  oxyde  of  lead,  require  575  parts  of  strong  acetic  acid,  of  spec,  irray.  7^  Baane, 
for  neutralization,  and  aflbrd  960  parts  of  crystallized  sugar  of  lead.  The  oxyde  shonU 
be  gradually  sprinkled  into  the  moderately  hot  vinegar,  with  constant  stirring,  to  pre- 
vent adhesion  to  the  bottom ;  and  when  the  proper  quantity  is  dissolved,  the  snlotkia 
may  be  weakened  with  some  of  the  washings  of  a  preceding  process,  to  dilute  the  acetate, 
aAcr  which  the  whole  should  be  heated  to  the  boiling  point,  and  allowed  to  cool  slowly, 
in  order  to  settle.  The  limpid  solution  is  to  be  drawn  off  by  a  syphon,  concentrated 
by  boiling  to  the  density  of  32°  B.,  taking  care  that  there  be  always  a  faint  excess  of 
acid,  to  prevent  the  possibility  of  any  basic  salt  being  formed,  which  would  interfere  with 
the  formation  of  regular  cr^'stals.  Should  the  concentrated  liquor  be  colored,  it  may  be 
whitened  by  filtration  through  granular  bone  black. 

Stoneware  vessels,  with  salt  glaze,  answer  best  for  crystallizers.  Their  edges  shoold 
be  smeared  with  candle-grease,  to  prevent  the  salt  creeping  over  them  by  effioruoni 
vegetation.  The  crystals  are  to  be  drained,  and  dried  in  a  stove-room  very  slightly 
heated.  It  deserves  remark,  that  linen,  mats,  wood,  and  paper,  imbued  with  sugar  cf 
lead,  and  strongly  dried,  readily  take  fire,  and  burn  away  like  tinder.  When  the 
mother  waters  cease  to  aflford  good  crystals,  they  should  be  decomposed  by  carbonate  of 
soda,  or  by  lime  skilfully  applied,  when  a  carbonate  or  an  oxyde  will  be  obtained,  fit  for 
treating  with  fresh  vinegar.  The  supernatant  acetate  of  soda  may  be  employed  ibr  the 
extraction  of  pure  acetic  acid. 

•  For  this  important  table,  I  amiadobCod  to  Jsbms  Cook,  Esq.,  of 
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A  main  point  in  (he  prrpnrntion  of  ftuirar  of  lead,  is  to  use  a  strong  acid;  otherwise 
much  lime  and  acid  are  wnsled  in  concenlraiine  the  stduiion.  Ihis  sail  cryssallizes  in 
colorless,  transparent,  fuur  and  six  sided  priMiiit,  froui  a  moderately  concentrated  solution ; 
but  from  a  sironiser  solution,  in  small  needles,  which  have  a  yellow  cast  if  the  acid  hat 
been  slivhily  impute.  It  has  no  smell,  a  sweetish  astiingeni  metallic  taste,  a  specific 
gravity  of  2-345;  it  is  permanent  in  the  air  at  ordinary  temperatures,  but  efiSoresces  when 
heated  to  95",  with  the  loss  of  its  water  of  crystallization  and  (ome  acid,  falling  into  a 
powder,  which  passes,  in  the  air,  slowly  into  caibtnate  of  lead.  The  crystals  dissolve  in 
1^  times  Iheir  wfi^lii  oC  water  at  60",  but  in  much  less  of  boiling  water,  and  in  8  parts  of 
alcohol.  The  siiluiioii  feebly  reddens  litmus  pa|>er,  but  has  an  alkaline  reaction  upim  the 
colors  of  Tfoletfi  and  tumienc.  The  oonsliiuents  of  the  salt  are,  58*71  oxydeof  lead, 
27-08  acetic  acid,  and  14-21  water,  in  100. 

Acetate  of  lead  is  much  mied  in  calico-printinr.  It  is  poisonous,  and  ought  to  be  pre- 
pmrH  and  handled  with  attention  to  this  circumstance. 

lliere  aie  two  Fubacetates  of  lead ;  the  fimt  of  which,  the  ter-subacetate,  has  three 
atonm  of  base  to  one  of  acid,  and  is  the  substance  long  known  by  the  name  of  Goulard's 
extract,  li  iray  be  obtained  by  digestins  with  heat  a  solution  of  the  neutral  acetate^ 
vpon  pure  litharee  or  massicot  'I'he  solution  atl'ords  while  crystalline  scales,  which  do 
Boi  tasle  so  sweet  as  sunar  of  lead,  dissolve  in  not  less  than  30  jarts  of  water,  are  insolu- 
ble in  alcohol,  and  have  a  decided  alkaline  reaction  upon  test  paper.  Carbonic 
acid,  transmitted  through  the  solution,  preci|iitates  the  excess  of  the  oxyde  of  lead, 
in  the  state  of  a  carbonate,  a  ]>rocess  long  ago  prescribed  by  '1  henard  for  making 
'white-lead.  This  subacetaie  consists  of  88*66  of  oxyde,  and  13*34  acid,  in  100  parts. 
It  is  employed  for  making  the  orange  sub-chromate  of  lead,  as  also  sometimes  in 
■orgery. 

A  sex'iuh€tcttate,  containing  6  atoms  of  base,  may  be  obtained  by  adding  ammonia 
in  excess  to  a  solution  of  the  preceding  salt,  and  washing  the  precipitate  with  dilute 
water  of  ammonia.  A  white  powder  is  thus  formed,  that  dissolves  sparingly  in  cold 
water,  but  i^ives  a  solution  in  boiling  water,  from  which  while  silky  needles  are  de- 
posited.    Il  consists  of  92*86  oxyde,  and  7*14  acid. 

SULPHA1*£S,  ane  saline  compoaods  of  8al|>huric  acid  with  oxydized  bases.  The 
Biinntest  quantity  of  them  present  in  any  solution,  may  be  detected  by  the  precipitate, 
insoluble  in  nitric  or  muiiatic  aciil,  which  they  aflbrd  with  nitrate  or  muriate  of  baryta* 
They  are  mostly  insoluble  in  alct^hol. 

SULPHATE  OF  AI  UMINA  AND  POTASSA,  isalnm. 

SULPHATE  OF  AMMONIA,  is  a  salt  sometimes  formed  by  saturating  the  ammonia 
liquor  of  the  eas-works  with  sulphuric  acid;  and  il  is  emidoyed  for  making  carbonate  of 
ammonia.    See  Ammonia  and  Sal  Ammoniac 

SULPHATE  OF  BARYTA,  i^  the  mineral  called  heavy-spar,  which  frequently  forms 
the  sansne  or  vein-stone  of  lead  and  other  metallic  oars. 

SULPHATE  OF  COPPEK,  Rf^nan  cr  Bint  Vitriol  (Vitriol  tU  Chypn,  Fr.;  Kup. 
fervitriol,  Germ.),  is  a  salt  composed  of  sulphuric  acid  and  oxyde  of  copper,  and  may  be 
formed  by  boiling  the  concentrated  acid  u|Hjn  the  ntetal,  in  an  iron  fot.  It  is,  how- 
ever, a  natural  product  of  many  copper  mines,  fiom  which  it  flows  out  in  the  form  of  a 
blue  water,  beinsr  the  result  of  the  infiltiatton  if  water  over  copper  pyrites,  which  has 
become  oxygenated  by  long  exposure  to  the  air  in  subterianean  excavations.  The  liquid 
is  concentrated  by  heat  in  copper  vessels,  then  set  aside  to  crystallise.  The  salt  foims 
in  oblique  fbur-sideil  tables,  of  a  fine  blue  color;  has  a  spec,  gravity  of  2*104 ;  an  acerb, 
disagreeable,  metallic  taste;  and,  when  swallowed,  it  caases  violent  vomiting.  It  be> 
eomes  of  a  pale  dirty  bine,  and  effloresces  slightly, on  long  exposure  to  the  air;  when 
moflerately  heated,  it  loses  36  per  cent,  of  water,  and  fiills  into  a  white  powder.  Il  dis- 
solves in  4  parts  of  water,  at  60°,  and  in  2  of  boiling  water,  but  not  in  alcohol ;  the  solu- 
tion lias  an  acid  reaction  upon  litmus  paper.  When  strongly  ignited,  the  acid  flies  oflT, 
and  the  black  oxyde  of  copt>er  remains.  The  constituents  of  crystallized  sulphste  of 
copper  are — oxyde,  3180;  acid,  32-14;  and  water,  36-06.  Its  chief  employment  in 
this  country  is  in  dyeing,  and  for  preparhw  certain  green  pigments.  See  Schskli.^  and 
ScHWKiKFURTH  GsEEif.  In  France,  the  farmers  S|>rinkle  a  weak  solution  of  it  upon 
their  grains  and  seeds  before  sowing  them,  to  preTcnt  their  being  attacked  by  birds  and 
insects. 

SULPHATE  OF  IRON,  Oreen  vitriol.  Copperas  (Couperon  ttrtt,  Fr. ;  Eiten-iriiriolf 
Sehwefelfum  Eistnoxydul,  Germ.),  is  a  crystalline  Cf-mpound  of  sulphuric  acid  and 
protoxyde  of  iron;  hence  called,  by  chemists,  the  protosulphate ;  consisting  of,  26-10  of 
base,  29*90  of  acid,  and  44-00 of  water,  in  100  parts;  or  of  1  prime  equivalent  of 
protoxyde,  36,  -f  1  of  acid,  40,  -f-  7  of  water,  63,=  139.  It  may  be  prepared  by  dis- 
solving iron  to  saturation  in  dilute  snlphuiio  aeid.  eraporallng  the  solution  till  a  pd- 
liele  forms  npon  its  sorfsce,  and  setting  it  aside  to  crystallize.  The  copperas  of 
«MBoieree  is  made  in  a  mach.  cheaper  wny,  by  stratiiXing  the  pyrites  Iboad  in  the  eonl 
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memsures  (VUHolkw  and  SirahJkiu  of  the  Gennans),  apon  a  sloping  paddled  pbtfini 
of  stone,  leaving  the  snlphoret  exposed  to  the  weather,  till,  by  the  abtorption  of  etjpa, 
H  effloresces,  lixiviating  with  water  the  snperanlphate  of  iron  thus  formed,  salarating  the 
esttm  of  acid  with  plates  of  old  iron,  then  evaporating  and  crystallising.  The  albs 
pyrites,  which  occurs  often  crystallized,  called  by  the  Germans  SchtotfeikkB  or  Eumkiu, 
must  be  deprived  of  a  part  of  its  sulphur  by  calcination,  before  it  acquires  the  property 
of  absorbing  oxygen  from  the  atmosphere,  and  thereby  passing  from  a  bisnlphnrel  iala 
a  bisolphate.  Alum  schist  very  commonly  contains  viiriolkies,  and  aflbrdiy  after  bdifr 
roasted  and  weather-worn,  a  considerable  quantity  of  copperas,  which  must  be  tMithOf 
separated  by  crystallization  from  the  alum. 

Tbis  liquor  used  formerly  to  be  concentrated  directly  in  leaden  Tesaelt;  bat  tkeint 
stage  of  the  operation  is  now  carried  on  in  stone  canals  of  considerable  length,  vaiki 
over  with  bricks,  into  which  the  liquor  is  admitted,  and  subjected  at  the  surface  to  the 
action  of  flame  and  heated  air,  from  a  furnace  of  the  reverberatory  kind,  eonstractc^  il 
one  end,  nnd  discharging  its  smoke  by  a  high  chimney  raised  at  the  other.  Eee  8oM 
Manufacture.  Into  this  oblong  trough,  resting  on  dense  clay,  and  rendered  ti|tkt  li 
the  joints  by  water-cement,  old  iron  is  mixed  with  the  liquor,  to  neutralize  the  exeeacf 
acid  generated  from  the  pyrites,  as  also  to  correct  the  tendency  to  superoxydizeneat  ii 
copperas,  which  woukl  injure  the  fine  green  color  of  the  crystals.  After  due  eoneei^ 
tration  and  saturation  in  this  surface  evaporator,  the  solution  is  nui  off  Into  kadci 
boilers,  where  it  is  brought  to  the  proper  density  for  affording  regular  crystals,  which  il 
does  by  slow  cooling,  in  stone  cisterns. 

Copperas  forms  sea-green,  transparent,  rhomboidal  prisms,  which  are  withoat  fBcBi 
bat  have  an  astringent,  acerb,  inky  taste ;  they  speedily  become  yellowisli-bnywi  ia 
the  air,  by  peroxydizement  of  the  iron,  and  effloresce  in  a  waim  atmosphere:  Ihif 
dissolve  in  1*43  parts  of  water  at  60°,  in  0*27  at  190°,  and  in  their  own  water  uf  eryiMl- 
lization  at  a  higher  heat.  This  salt  is  extensively  used  in  dyeing  Mack,  etpeoillr 
hats,  in  making  ink  and  Prussian  blue,  for  reducing  indigo  in  the  blue  vat,  in  the  Chili 
blue  dye,  for  making  the  German  oil  of  vitriol,  and  in  many  chemical  and  aediriMl 
preparations. 

There  is  a  persulphate  and  subpersulphate  of  iron,  but  they  belong  to  the  domaiBflf 
chemistry.  The  first  may  be  formed,  either  by  dissolving  with  heat  one  part  cf  icA 
oxyde  of  iron  (colcothar)  in  one  and  a  half  of  concentrated  sulphuric  acidy  or  by  addiit 
some  nitric  acid  to  a  boiling-hot  solution  of  copperas.  It  fcirms  with  galls  and  logwosl 
a  very  black  ink,  which  is  apt  to  become  brown-black.  When  evaporated  to  diyiMy 
it  appears  as  a  dirty  white  pulverulent  substance,  which  is  soluble  in  alcohol.  &  Mi- 
sists,  in  100  parts,  of  39*42  of  red  oxyde  of  iron,  and  60*58  sulphuric  acid. 

Hydrated  peroxyde  of  iron,  prepared  by  precipitation  with  alkali  from  sohition  of  the 
persulphate,  is  an  excellent  antidote  against  poisoning  by  arsenic.  A  French  jwmifaMr, 
who  had  swallowed  two  drachms  ofarsenious  acid,  was,  after  an  interval  of  twenty  miaatei^ 
treated  with  the  oxyde  precipitated  from  6  ounces  of  that  salt  by  caustic  potash.  A  wu 
difi'used  in  20  quarts  of  weak  sirup,  and  administered  in  successive  doses.  After  repeat- 
ed vomiting  and  purging,  the  patient  felt  no  more  pain,  and  was  pronounced  by  the  phy- 
sician to  be  quite  convalescent. 

In  the  copperas  and  alum  works,  a  very  large  quantity  of  ochrey  sediment  is  obtained; 
which  is  a  peroxyde  of  iron,  containing  a  little  sulphuric  acid  and  alumina.  This  d^ 
posite,  calcined  in  reverberatory  hearths,  becomes  of  a  bright-red  color ;  and  when  groind 
and  elutriated,  in  the  same  way  as  is  described  under  white  lead,  forms  a  cheap  pineal, 
in  very  considerable  demand,  called  Englith  red,  in  the  French  market. 

Colcothar^f  Vitriol,  and  Crocus  of  Mars,  are  old  names  for  red  oxyde  of  iron.  Tk* 
brown-red  powder  is  obtained  in  its  purest  state,  by  calcining  dried  sulphate  of  iroiiii 
furnace  till  all  its  acid  be  expelled,  and  its  base  become  peroxydized.  It  mast  be  letK 
gated,  elutiiatW,  and  dried.  This  powder  is  employed  extensively  in  the  steel  maasftfr' 
tore,  for  givj|^g  the  finishing  lustre  to  fine  articles;  it  is  used  by  silversmiths  ndcr 
the  namf  of  o||Bte  powder  and  rouge ;  and  by  the  opticians  for  polishing  the  specak  of 
reflecting  telescopes.  Much  of  the  croou  in  the  market,  is  made, however,  from  the  eo^ 
peras  and  alum  sediments,  and  is  greatly  inferior  to  the  article  prepared  by  the  last  pr»> 
cess.  The  finest  rou^e  is  made  by  precipitating  the  oxyde  with  soda,  then  washing  iii 
calcining  the  jiowder. 

An  excellent  powder  for  applying  to  razor-strops,  is  made  by  igniting  together  ii  i 
erncible  equal  parts  of  well-dried  copperas  and  sea  salt.  The  heat  must  be  ilovlf 
raised  and  well  regulated,  otherwise  the  materials  will  boil  over  in  a  pasty  stat^  iil 
the  product  will  be  in  a  great  measure  lost.  When  well  made^  out  of  contact  of 'iiif 
it  has  the  brilliant  aspect  of  plumbago.  It  has  a  satiny  feel,  and  b  a  true  /er  okgiAi 
iimilar  in  composition  to  the  Elba  iron  ore.  It  requires  to  be  gnmnd  and  dntiiMcdi 
after  which  it  aflTords,  on  drying,  an  impalpable  pawder,  that  may  be  cither  nhtai 
OB  a  strop  of  smooth  boff  leather,  or  mixed  up  with  hog't^aid  or  taUov  iilo  a  ilif 
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SULPHATE  OF  LIME.    See  Gypsuk. 

SULPHA'l^E  OF  MAGNESIA,  Epaom  Salt  (Sd  amer,  Fr.;  BitdrioU,  Germ.), 
CKisls  in  sea-water,  as  also  in  the  waters  ofSaidschutz,  Sedlitz,  and  PQllna;  and  in  many 
saline  springs,  besides  Epsom  in  Surrey,  whence  it  has  derived  its  trivial  name,  and  from 
"Which  it  was  first  extracted,  in  the  year  1695,  and  continued  to  be  so,  till  modern  chem- 
istry pointed  out  cheaper  and  more  abundant  sources  of  this  useful  purgative  salt. 
The  sulphate  of  magnesia,  occasionally  found  effloresced  on  the  surface  of  minendi 
in  crystalline  filaments,  was  called  haarsalx  (hair  salt)  by  the  older  writers.  The  bittern 
of  the  Scotch  sea-salt  works  is  muriate  of  magnesia,  mixed  with  a  little  sulphate  of 
magnesia  and  chloride  of  sodium.  If  the  proper  decomposing  quantity  (found  by  trial) 
of  sulphate  of  soda  be  added  to  it,  and  the  mixed  solution  be  evaporated  at  the  tem- 
perature of  122P  F.,  chloride  of  sodium  will  furm  by  double  affinity,  and  fall  down  in 
cubical  crystals;  while  the  solution  of  sulphate  of  magnesia  which  remains,  being 
evaporated  to  the  proper  point,  will  affurd  regular  crystals  in  four-sided  prisms  with 
fbnr-sided  acuminations.  Or,  if  bittern  be  treated  in  a  retort  with  the  equivalent 
quantity  of  sulphuric  acid,  the  muriatic  acid  may  be  distilled  oflf  into  a  series  of  Woulfe^s 
bottles,  and  the  sulphate  of  magnesia,  soda,  and  lime,  will  remain  in  the  retort,  from 
which  mixture  the  sulphate  of  magnesia  may  be  separated  by  filtration  and  crystalliza- 
tion. 

Magnesian  limestone  being  digested  with  as  much  muriatic  acid  as  will  dissolve  out  its 
lime  only,  will,  alter  washing,  aHbrd,  with  the  equivalent  quantity  of  sulphuric  acid,  a 
pare  sulphate  of  masrnesia ;  and  this  is  certainly  the  simplest  and  most  profitable  process 
for  manufacturing  this  salt  upun  the  great  scale.  Many  prepare  it  directly,  by  digesting 
upon  ma?nesian  limestone  the  equivalent  saturating  quantity  of  dilute  sulphuric  acid. 
The  sulphate  of  lime  being  se])arated  by  subsidence,  the  supernatant  solution  of  sulphate 
of  magnesia  is  evaporated  and  cr>'5taliized. 

This  salt  is  composed  of,  magnesia  16*72,  sulphuric  acid  32-39,  and  water  50*89. 
When  free  from  muriate,  it  tends  to  effloresce  in  the  air.  It  dissolves  in  four  parts  of 
water  at  32°,  in  3  parts  at  60°,  in  1*4  at  200°,  and  in  its  own  water  of  crystallization  at 
a  hisrher  heat. 

SULPHATE  OF  MANGANESE  is  prepared  on  the  great  scale  for  the  calico- 
printers,  by  exposing  the  peroxyde  of  the  metal  and  pitcoal  ground  together,  and  made 
into  a  paste  with  suipliuric  acid,  to  a  heat  of  400°  F.  On  lixiviating  the  calcined  mass, 
a  solution  of  the  salt  is  obtained,  which  is  to  be  evaporated  and  crystallized.  It  forms 
pale  amethyst-colored  prisms,  which  have  an  astringent  bitter  taste,  dissolve  in  2^  parts 
of  water,  and  consist  of,  protoxyde  of  manganese  31*93,  sulphuric  acid  35*87,  and  water 
32*20,  in  100  parts. 

SULPHATE  OF  MERCURY  is  a  white  salt  which  is  used  in  making  corrosiTe 
sublimate.  See  Mebcurt.  The  subsulphate,  called  TurbUh  Mineral,  is  a  pale  yellow 
pigment,  and  may  be  prepared  by  washing  the  white  sulphated  peroxyde  with  hot  water, 
which  resolves  it  into  the  soluble  supersulphate,  and  the  insoluble  subsulphate,  or  Twtith, 
It  is  poisonous. 

SULPHATE  OF  POTASSA  is  obUined  by  first  igniting  and  then  crystallizing  the 
residuum  of  the  distillation  of  nitric  acid  from  nitre. 

SULPHATE  OF  SODA  is  commonly  called  Glauber's  salt,  from  the  name  of  the 
chemist  who  first  prepared  it.  It  is  obtained  by  igniting  and  then  crystallizing  the  resi- 
duum of  the  distillation  of  muriatic  acid  from  common  salt.  It  crystallizes  in  channelled 
d-sided  prisms.    See  Soda  Manufacture. 

SULPHATE  OF  ZINC,  called  also  WhiU  VUrioly  U  commonly  piepaitd  in  the 
Harz,  by  washing  the  calcined  and  effloresced  sulphuret  of  zinc  or  blende,  on  the  same 
principle  as  green  and  blue  vitriol  are  obtained  from  the^sulphurets  of  i^pvhnd  copper. 
Pure  sulphate  of  zinc  may  be  made  most  readily  by  dissolving  the  metal  In  dilate  solpha- 
ric  acid,  evaporating  and  crystallizing  the  solution.  It  forms  prismatics^rystals,  which 
hate  an  astringent,  disagreeable,  metallic  taste ;  they  effloresce  in  a  dry  air,  dissolve  in 
M  parts  of  water  at  60°,  and  consist  of—oxyde  of  zinc,  28  29;  acid,  28*lCywater,  43*53. 
Bnlphate  of  zinc  is  used  for  preparing  drying  oils  for  varnishes,  andjn  thr  resd^e  or  re- 
sist pastes  of  the  calico-printer. 

SULPHITES  are  a  class  of  salts,  consisting  of  sulphurous  acid,  combined  in  equivalent 
proportions  with  the  oxydized  bases. 

8ULPH0SELS  is  the  name  given  by  Berzelius  to  a  class  of  salts  which  may  be 
prepared  as  follows : — 1.  Dissolve  a  salt  consisting  of  an  oxyde  and  an  acid  (an  oxysali) 
ia  a  very  small  quantity  of  water,  and  pass  through  the  solution  a  stream  of  sid- 
pMreted  hydrogen,  till  the  salt  be  entirely  decomposed.  In  this  operation,  the  oxyaaU 
h  transformed  into  a  sulpho$alt,  by  the  sulphur  of  the  compound  gas ;  while  its  hydrogen 
fbrms  water  with  the  oxygen  of  the  saline  base.  This  process  is  applicable  only  to  tha 
metallic  salts ;  and  among  these,  aot  to  the  nitrates,  carbonates,  or  phosphates.  2.  Aa- 
oihcr  method  of  pieparing  flpho9aUt  is,  to  add  lo  a  watery  solation  of  ralpharet  of 
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polufium,  in  eleclro-nettalire  metallic  tnliliarrl,  vbicli  will  dtMohr  in  Itieliqailtd 
the  >u1|iliiirH  ur  jHilitsium  b«  uluiaud,  'Iliii  ebIiuc  cinraund  is  1o  br  nuilfjri 
to  cffitl  iJuuble  ilFcumj  ufilion*  *ilk  llie  ol)>all»;  il.il  ir,  (O  ct.nieil  (br  iMinlof 
•ncrther  baft,  cumbinixl  Willi  in  (uucid,  inio  a  M>li  biull.  3.  If  ll.e  tltcliiMiraalin 
talpbarel  be  pul  in  puwder  into  ■  sululiun  of  Ibc  l>)dii.(ul|  tuirl  ct  ft-iMmt,  il  *illdi» 
•ol*e  and  ei|iet  Ibe  (uljibuirlrd  bjJni^rn  wilb  (lliivccti  et :  juM  aa  raibLiiii 
diijilaccd  by  a  slrunser  aciil.  For  his  ctlier  Lliivc  Oielbuls  <  t  luejariog  ■  ' 
bla  EInaaii;  lol.  iii.  p.  336,  Pr.  lian>.liition. 

SUWHVli.BrimiloH*  lS0H/rt,Fi.;  S- litcc/tl.  Com.),  in  mtimph  roB.bufliUe,  >rU, 
non-melallie,  ufa  |)cculinr  yclluw  colur,  vrry  bridle,  ii  rhinB  al  ihe  l«n|.cialuir  t.(  l^f 
Fabr.,  and  ixissrSFlng,  aHtT  il  bas  l-ccn  luKiJ,  a  F|icilti'  ifii  lit)  tf  ri,H.  V  l.m  LiUii 
a  warm  band,  a  ii.ll  ur  tul|bui'  <iiil!'  a  ciacliiint:  ii.i.ii(i,  I)  ibe  fmrltrcif  il»  iMniw 
parts;  and  wbrn  il  is  rubbt^i,  it  fmilf  a  recullar  weli-bnt.i'ii  hi<f1],  and  acquiif-t  i  llbt 
nme  lime  m^aliTr  elcelricil)'.  When  bnled  li>  ibe  teai|viilureurst>U°  P.  it  laLoEi^ 
burns  awa;  wilh  a  dull  blue  Haine  oft  Fufltcatins  i^ilor,  anil  kavef  no  r««iilBuin.  Kbtt 
more  Rtfongl)  heaiod,  euljiliur  burnn  wilb  a  vivid'  «biie  I'.sd  e.    Il  i*  uut  aHectcd  by  air 

Sulphur  is  an  abuniltnl  prndiicl  of  natui-p;  ni^'iin;  kd  ■  liirrr  pore  or  B'enl)' viicJ, 
and  Qt  others  in  inlimate  dieuiieal  cuDibiiiilibn  wiih  uiiuin,  ind  variuOB  owtali^  C4B' 
lag  Bu]|ihalca  and  sulpliureti.      See  oieM,f  Cohlh,  luili,  Lxad,  &.c.,  under  ibi* 

Fig.  1100  represents  one  of  tbe  caFt-lron  rrlotlE  uted  ■(  Maiwilirs  for  refiaiu^td- 
phar,  wbeiein  it  is  inelled  and  converted  into  vijcir,  uhich  are  led  inlu  a  large 
chamber  Tur  canden»tian.  The  bod)  a,  of  the  leturl  is  an  iron  pot,  3  Irrl  in  >  iaawla 
oultide,  22  inches  deep,  half  an  inch  tbicU,  nliieli  weiihs  U  cwts.,  and  irreive*  a  chufc 
of  B  cwlfl.  of  crude  sniphur.  1  he  frale  is  6  inches  under  ill  btiltom,  icbence  the  BaiK 
rises  and  plK)s  round  iln  sides.  A  cast  ir<<n  eaiilal  b,  leini  luted  lu  Ibe  put,  aid 
covered  wiih  Mnd,  the  openinc  in  Tianl  is  Fbut  with  an  iitn  plate.  Tbc  chan.bet  i,  a 
23  feet  long,  11  feci  wide,and  13  feel  high,  wiih  vallsoS  incher  iliick.  Iniheiw^ 
al  encb  fnble,  valTrs  or  b> 
di»ni,  e,  10  incbn  Hinarr,  ait 
1100    g  i  111  I'l""''    *'    tbe    bi'tU'Di  if  tk 

"  "  '"  cliBinej  t.     Ibe  cordaf.roi^n- 

ii^)i  ibe  Yalrr*  are  1«]  down  la 
tie  tide  of  the  furnace.  The 
CI  irancc  lu  the  chamber  ii  skil 
vllh  an  iion  door.  In  ibe  wall 
i>l  posile  to  ihe  relorU,  Iherc  an 
iwo  aperlures  near  ihe  floor,  to 
taking  oul  the  sulphur.  £aa 
uf  Ihe  two  relntta  belunEisi  la 
a  chamber  is  charged  with  7(  or 
N,  S  e»l!<    of  suli.har  ;  bal  one  ii 

hied    ErtI,    nnd     wilh    ■    grallc 


It  whea  the 
:  Goriooslf, 
^    Ihedb- 


CO  M\  lii.iii-.      Ill'     1  J  r      [ii  [  J  iji  jfi^  fire  lo  the  Gist  retort,  the  aKosd* 

When  the  processor  dislitlaiion  is  tetumcd,  nder  haling  been  some  lime  mrpetdri, 
eiplosious  may  be  apprehended,  from  the  presence  of  almospbeiicat  air  ;  to  obviale  ibe 
danger  of  which,  the  ftap-doora  must  be  opened  eveiy  ten  itdniiles;  but  the)' sbsldl 
remain  closed  duNni  the  setting  of  Ihe  retorts,  and  Ibe  nflui  of  sul|bur<iD*  fuMra  ic 
acid  should  br  curried  olf  b;  a  dntDgbl-hood  orer  [he  retorts.  The  distillatron  ia  carrisl 
on  without  interruplion  during  the  veeh,  the  charges  being  rerrated  fuor  lines  in  ike 
day.  By  Ihe  third  da;-,  the  cbamber  icquiirs  such  a  desree  of  lieat  as  lo  pmerre  th« 
fHlphnr  ia  a  liquid  state;,  on  the  sixlh,  its  tempcialuTe  becomiug  neaily  300''  F.,  gin* 
Ibe  sulphur  a  dark  hue,  on  which  account  ihe  furnace  is  allowed  to  cool  on  the  Eunday. 
The  Giteat  distlllins  temperature  is  ubout  248°.  1  he  sulphur  is  drawn  vB  tbrouab  Iwa 
iron  pipes  cast  in  the  iron  doors  of  the  orifices  on  the  side  cf  the  chamber  oppoEile  lathe 
Ibmace.  The  iron  stoppers  being  inLen  out  of  Ihe  mouths  of  Ihe  pipes,  the  sulphur  is 
allowed  to  run  along  an  iron  sjioul  placed  over  red-hol  charcoal,  into  ibe  appropriate 


ir  in  il 


pore  tlale  is  solid,  brittle,  trauporcnl,  yellow,  or  j-cllow  boidff- 
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tn^  on  green,  and  of  a  glassy  lustre  when  newly  broken.  It  occurs  frequently  in  crys- 
talline masses,  and  sometimes  in  cumplele  and  regular  crystals,  which  are  all  derivable 
from  the  rhomboidal  octahedron.  The  fiacture  is  usually  conchoidal  and  shining.  Its 
specific  gravity  is  2*072,  exceeding  somewhat  the  density  of  melted  sulphur.  It  possesses 
«  very  considerable  refi active  power;  and  doubles  the  images  of  objects  even  across  two 
parallel  faces.  Sulphur,  crystallized  by  artificial  means,  presents  a  very  remarkable  phe- 
nomenon ;  for  by  varying  the  processes,  crystals  are  obtained  whose  forms  belong  to  two 
diiferent  systems  of  cr>'stailizalion.  The  red  tint,  so  common  in  the  crystals  of  Sicily, 
and  of  volcanic  districts,  has  been  ascribed  by  some  mineralogists  to  the  presence  of  real- 
gar, and  by  others  to  iron;  but  Stromeyer  has  found  the  sublimed  orange-red  sulphur  of 
Volcano,  one  of  the  Lipari  islands,  to  result  from  a  natural  combination  of  sulphur  and 
selenium.  • 

It  is  extracted  from  the  minerals  containing  it,  at  Solfatara,  by  the  following  pro- 
cess:— 

Ten  earthen  pots,  of  about  a  yard  in  height,  and  fonr  and  a  half  gallons  imperial  in  ca- 
pacity, bulging  in  the  middle,  are  ranged  in  a  furnace  called  a  gallery ;  five  beinir  set  on  the 
one  side,  and  five  on  the  other.  These  are  so  distributed  in  the  body  of  the  walls  of  the 
gallery,  that  their  belly  projects  partly  without,  and  partly  within,  while  their  top  rises 
«ut  of  the  vault  of  the  roof.  The  pots  are  filled  with  lumps  of  the  sulphur  ore  of  the  size 
of  the  fist;  their  tops  are  closed  with  earthenware  lids,  and  from  their  shoulder  proceeds 
a  pipe  of  about  two  inches  diameter,  which  bends  down,  and  enters  into  another  covered 
pot,  with  a  hole  in  its  bottom,  standing  over  a  tub  filled  with  water.  On  applying  heat 
Co  the  eallery,  the  sulphur  wells,  volatilizes,  and  runs  down  in  a  liquid  state  into  the  tubs, 
where  it  congeals.  When  one  operation  is  finished,  the  pots  are  re-charged,  and  the  pro- 
cess is  repeated. 

In  Saxony  and  Bohemia,  the  suiphurets  of  iron  and  copper  are  introduced  into  large 
earthenware  pipes,  which  traverse  a  furnace-sallery ;  and  the  sulphur  exhaled  flows  into 
pipes  filled  with  cold  water,  on  the  outside  of  the  furnace.  900  parts  of  snlphuret  afford 
from  100  to  IdO  of  sulphar,  and  a  residuum  of  metallic  protosulphuret.  See  Metallur- 
ov  and  Copper. 

Volcanic  sulphur  is  purer  than  that  extracted  from  pyrites;  and  as  the  latter  is  com- 
monly mixed  with  arsenic,  and  some  other  metallic  impregnations,  sulphuric  acid  made 
of  it  wouM  not  answer  for  many  purposes  of  the  arts;  thoui^h  a  tolerably  goofl  sulphuric 
acid  may  be  made  directly  from  the  combustion  of  pyrites,  instead  of  sulphur,  in  the  lead 
chambers.  The  present  high  price  of  the  Sicilian  sulphur  is  a  great  encouragement  to 
its  extraction  from  pyrites.  It  is  said  that  the  common  En:;ltsh  brimstonf*,  such  as  was 
extracted  from  the  copper  pyrites  of  the  Parys  mine  of  Anglesey,  contained  fully  a  fif- 
teenth of  residuum,  insoluble  in  boiling  oil  of  turpentine,  which  was  chiefly  orptment; 
while  the  fine  Sicilian  sulphur,  now  imported  in  vast  quantities  by  the  manufacturers  of 
oil  of  vitriol,  contains  not  more  than  three  per  cent,  of  foreign  matter,  chiefly  earthy,  but 
not  at  all  arsenical. 

Sulphur  has  been  known  from  the  most  remote  antiquity.  From  its  kindlinsr  at  a  mo- 
derate temperature,  it  is  employed  for  readily  procuring  fire,  and  lightins;  b>  its  flame 
other  boilies  not  so  combustible.  At  Paris,  the  preparation  of  sulphur  matches  constitutes 
a  considerable  branch  of  industry.  The  sulphurous  acid  formed  by  the  combustion  of 
tfulphur  in  the  atmospheric  air,  is  employed  tp  bleach  woollen  and  silken  goods,  as  also 
cotton  stockings;  to  disinfect  vitiated  air,  though  it  is  inferior  in  power  to  nitric  acid 
vapor  and  chlorine ;  to  kill  mites,  moths,  and  other  destructive  insects  in  collections  oC 
jsooloey ;  and  to  counteract  too  rapid  fei mentation  in  wine-vats,  Itc.  As  the  same  acid 
eas  1ms  the  property  of  suddenly  extinguishing  flame,  sulphur  has  been  thrown  into  a 
chimney  on  fire,  with  the  best  effect;  a  handful  of  it  being  sometimes  sufficient.  Sulphur 
is  also  employed  for  cementing  iron  bars  in  stone;  for  taking  impressions  from  seals  and 
cameos,  for  which  purpose  it  is  kept  previously  melted  for  some  time,  to  j;ive  the  casts  an 
appearance  of  bronze.  Its  principal  uses,  however,  are  for  the  manufactures  of  vermil- 
ion, or  cinnabar,  gi^n powder,  and  sulphuric  acid. 

Set  M irrALLUROY,  page  S29,  for  the  description  of  Gahn's  furnase  for  extracting  sul- 
phur from  pyrites. 

Pyrites  as  a  bi-sulphuret,  consisting  of  45*5  parts  of  iron,  and  54-5  of  sulphur,  may,  by 
proper  chemical  means,  be  made  to  give  off  one  half  of  its  sulphur,  or  about  27  per  cent. ; 
but  great  care  must  be  taken  not  to  senerate  sulphurous  acid,  as  is  done  very  wastefuUy 
by  the  Fahlun  and  the  Goslar  processes.  By  the  latter,  indeed,  not  more  than  one  or  two 
parts  of  sulphur  are  obtained,  by  roasting  100  parts  of  the  pyrilous  ores  of  the  Rammels- 
berg  mines.  In  these  cases,  the  sulphur  is  burned,  instead  of  bein7  sublimed.  The  re> 
siduum  of  ihc  operation,  when  it  is  well  conduct»*d,  is  black  snlphuret  of  iron,  which  maf 
be  profitably  employed  for  makins  copperas.  The  appaiatus  for  extracting  sulphur  from 
pyrites  should  admit  no  more  air  than  is  barely  necessary  to  promote  the  sublimation. 
fiicUy  produced  last  year  70,000  tons  of  aolphur,  and  Tuscany  1200 ;  of  which  Great  Brit* 
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till  consiimed  46,000 ;  France,  18,000 ;  other  places,  0,000.    !■  18S0,  Gfe^t  Britan  c»> 

■uned  only  5,000  tons. 

SULPHURATION,  is  the  process  bj  which  woollen,  silk,  aad  cotton  goods  are  a- 
posed  to  the  vapors  of  humini?  sulphur,  or  to  snlphuroos  add  gas.  la  the  article  Stbav- 
BAT  Manufacture,  I  have  described  a  simple  and  dwap  apparatus,  well  adapCed  to  this 
operation. 

Sulphoring-rooms  are  sometimes  constmcted  npon  a  great  seale,  ia  wt 
shawls,  and  woollen  clothes  may  be  suspended  freely  upon  poles  or  cords.  The 
should  be  flagged  with  a  sloping  pavement,  to  favor  the  drainage  of  the  water  tkat  diaps 
down  from  the  moistened  cloth.  The  iron  or  stoneware  vessels,  in  which  the  salphar  ii 
bnrned,  are  set  in  the  comers  of  the  apartment.  They  should  be  increased  ia  Dumber  ae- 
cording  to  the  dimensions  of  the  place,  and  distributed  nniformly  over  it.  The  wiadovs 
and  the  entrance  door  mast  be  made  to  shut  hermetically  close.  Ia  the  lower  part  of  the 
door  there  should  be  a  smnll  opening,  with  a  slidini;  shutter,  whidi  may  he  raised  orka^ 
cred  by  the  mechanism  of  a  cord  passing  over  a  pulley. 

The  aperture  by  which  the  sulphurous  acid  and  azotic  gases  are  let  off,  ia  oidcr  Is 
carry  on  the  combustion,  should  be  somewhat  lander  than  the  opening  at  the  bottoaL  A 
lofty  chimney  carries  the  noxious  gases  abore  the  buiMiog,  and  diffuses  them  <yTer  a  wile 
apace,  their  ascension  being  promoted  by  means  of  a  draught-pipe  of  iron,  coaaected  with 
an  ordinary  stove,  provided  with  a  valve  to  close  its  orifice  when  not  kindled. 

When  the  chamber  is  to  be  used,  the  goods  are  hung  np,  and  a  small  fire  is  aiade  is 
the  draught-stove.  The  proper  quantity  of  sulphur  being  next  pat  into  the  shaUsv 
pans,  it  is  kindled,  the  entrance  door  is  closed,  as  well  as  its  shatter,  while  a  vent-Me 
near  the  ground  is  opened  by  drawing  its  cord,  which  passes  over  a  palley.  AAer  a 
few  minutes,  when  the  sulphur  is  fully  kindled,  that  vent-hole  most  be  ahnost  entirely 
shut,  by  relaxing  the  cord  ;  when  the  whole  apparatus  is  to  be  let  alone  for  a 
time. 

The  object  of  the  preceding  precautions  is  to  prevent  the  snlphnrons  aeid  gas 
from  the  chamber  by  the  seams  of  the  principal  doorway.  This  is  seeored  hf  dosing  jl 
imperfectly,  so  that  it  may  admit  of  the  passage  of  somewhat  more  air  than  eaa  enter  kf 
the  upper  seams,  and  the  smallest  quantity  of  fresh  air  that  can  support  the 
The  velocity  of  the  current  of  air  may  be  increased  at  pleasure,  by  ealargiag  the 
vent-hole  a  little,  and  quickening  the  fire  of  the  draught-stove. 

Before  opening  the  entrance  door  of  the  apartment,  for  the  discharge  of  the  goodi^  a 
«nall  fire  must  be  lighted  in  the  draught  furnace,  the  vent-hole  must  be  thrown  eatiidy 
open,  and  the  sliding  shutter  of  the  door  must  be  slid  up,  gradually  more  and  more  ewy 
quarter  of  an  hour,  and  finally  leA  wide  open  for  a  proper  time.  By  this  meaas  the  air 
ol*  the  chamber  will  become  soon  respirable. 

SULPliURETED  HYDROGEN,  is  a  gas,  composed  of  one  part  of  hydrogen  and  sb- 
teen  parts  of  sulphur,  by  weieht.  Its  specific  gravity  is  1'1912,  compared  to  air=l*OOOOL 
It  is  the  active  constituent  of  the  sulphurous  mineral  waters.  When  breathed,  it  »  vciy 
deleterious  to  animal  life ;  and  being  nearly  twice  as  dense  as  air,  it  may  be  poured  firan 
its  generating  bottle  into  cavities;  a  scheme  successfully  employed  by  M.  Theaard  Is de> 
stroy  rats  in  their  holes. 

SULPHURIC  ACID,  Vitriolie  Jicid,  or  Oil  of  VUriol,  (JeitU  tml/mnqmey  Pr.; 
Schwe/elsa-uref  Germ.)  This  important  product,  the  agent  of  many  chemical  opera- 
tions, was  formerly  procured  by  the  distillation  of  dried  sulphate  of  iron,  called  ffsoi 
vitriol,  whence  the  corrosive  liquid  which  came  over,  having  an  oily  consbtenee,  was 
denominated  oil  of  vitriol.  This  method  has  been  superseded  in  Great  Britain,  Fiance^ 
and  most  other  countries,  by  the  combustion  of  sulphur  along  with  nitre,  in  large 
leaden  chambers ;  but  as  the  former  process,  which  is  still  practised  at  Bleyl  in  Bohemia, 
and  Nordhausen  in  Saxony,  gives  birth  to  some  interesting  results,  I  shall  describe  il 
briefly. 

Into  a  long  horizontal  furnace,  or  gallery  of  brickwork,  a  series  of  earthenware  relsrta^ 
of  a  pear  shape,  is  arranged,  with  curved  necks  fitted  into  stonewanf  bottles  or  conden- 
sers. Each  retort  is  charged  with  sulphate  of  iron,  which  has  been  previously  heated 
to  moderate  redness.  The  first  product  of  the  distillation,  a  slightly  acidolons  phlegm,  il 
allowed  to  escape ;  then  the  retort  and  receiver  are  securely  luted  together.  The  fire  is 
now  raised,  and  urged  briskly  for  thirty-six  hours,  whereby  the  stroni?  salphnric  acid  is 
expelled,  in  the  form  of  heavy  white  vapors,  which  condense  in  the  coM  receiver  into  an 
oily-looking  liquid.  The  latter  portions,  when  received  in  a  separate  refrigerator,  fra> 
fnently  concrete  into  a  crystalline  mass,  formerly  called  glacial  oil  of  vitriol.  Aboot  ic^ 
ty  four  pounds  of  strong  acid  may  be  obtained  from  six  hundred  pounds  of  copperas.  R 
is  brown -colored ;  and  varies  in  specific  gravity  from  1*842  to  1*896.  Its  boiling  peiat 
is  so  low  as  120°  Fahr.  When  re-distilled  in  a  glass  retort,  into  a  receiver  snrronndei 
with  ice,  a  very  moderate  heat  sends  over  white  fumes,  which  condense  into  a  9of\  solid, 
in  silky  filaments,  like  asbestos,  tough,  and  difficult  to  cut.    When  this  is  ezpo^  Is 
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IIm  air,  it  emits  eopious  fames  of  sulphuric  (not  sulphurous)  acid.  It  bums  boles  Ui 
paper  as  rapidly  as  a  red-hot  iron.  Dropped  in  small  quantities  into  water,  it  excites  a 
niMing  noise,  like  ignited  metal ;  and  in  larger  qujintities,  it  occasions  an  explosion* 
By  dropping  a  fragment  of  it  into  a  poised  vial  containing  water,  and  stoppering  kl^ 
itantly,  to  prevent  the  ejection  of  liquid,  by  the  ebullition  which  always  ensues,  I  got  a 
dUute  acid,  containing  a  known  portion  oif  the  solul  acid,  from  the  specific  gravity  of 
which,  as  well  as  from  its  saturating  power,  I  ascertained  that  the  above  solkl  sulpharie 
•eid  was  truly  anhydrous  (ffoid  of  wafer},  consisting  of  1  equivalent  proportion  of  sul- 
phur, and  3  of  oxygen ;  or,  by  weight,  of  16  of  the  former,  and  24  of  the  latter.  Tbia 
acid  makes  a  red  solution  of  indigo.  . 

The  production  of  sulphuric  acid  from  sulphur  and  nitre  may  be  eleiranily  illustrated 
hy  means  of  a  glass  globe  with  a  stoppered  hole  at  its  side,  and  four  bent  glass  tubes  io- 
aerted  into  a  leaden  cap  in  its  upper  orifice.  The  first  tube  is  to  be  connected  with  a 
heated  matrass,  disengaging  sulphurous  acid  from  copper  filings  and  sulphuric  acid ;  the 
0«cond  with  a  retort,  disensraging  more  slowly  dentoxyde  of  azote  (nitric  oxyde)  from 
eopper  filings  and  nitric  acid ;  the  third  with  a  vessel  for  furnishing  steam  in  a  moderate 
carrent  towards  the  end  of  the  process,  when  no  water  ha^i  been  previously  admitted  into 
the  balloon ;  the  fourth  tube  may  be  upright,  and  terminate  in  a  small  funnel.  Through 
the  opening  in  the  side  of  the  i^lobe,  atmospherical  air  is  to  be  admitted  from  time  to  time, 
hf  removing  the  stopper ;  aAer  which,  the  residuary  lighter  asote  may  be  allowed  to 
ncape  by  the  funnel  orifice. 

The  nitric  oxyde  first  absorln  oxygen  from  the  air,  becomes,  in  consequence,  nitrous 
aead  vapor,  which  givinsr  up  one  third  of  its  oxygen  to  the  sulphurous  acid,  converts  tbisy 
with  the  ai  j  of  water,  into  sulphuric  acid,  while  itself  returning  to  the  state  of  nitric 
«Kyde,  is  again  qualified  to  take  oxygen  from  the  air,  and  to  transfer  it  to  the  sulphurous 
tteid  gas ;  and  thus  in  perpetual  ralation.  These  oxygenatinsr  and  disoxygenating  pro- 
C0Bses  continue  until  nearly  the  whole  oxygen  of  the  atmospheric  air  contained  in  the 
globe  is  consumed.  Were  there  little  aqueous  vapor  present,  those  gases  would  soon 
cease  to  operate  upon  each  other ;  f  »r  though  the  nitric  oxyde  became  nitrous  acid,  this 
wonld  oxygenate  little  of  the  sulphurous  acid,  b«>cause  the  three  substances  would  con- 
faise  into  white  crystals  upon  the  sides  of  the  balloon,  like  hoar  frost  upon  a  window- 
fane  in  winter.  These  indicate  a  deficiency  of  aqueous  vapor,  and  an  excess  of  nitrous 
aeid.  On  the  admission  of  steam,  the  crj'stals  disappear,  the  sulphuric  acid  is  liquefied, 
the  nitrous  acid  is  converted  into  nitric  acid  and  nitric  oxyde;  the  former  of  which  com- 
hiaes  with  the  water,  while  the  latter  is  converted  by  the  atmospheric  oxy?en  into  nitrous 
aeid  vapor.  A  certain  quantity  of  water  is  therefore  requisite  to  prevent  the  formation 
of  that  crystalline  compound,  which  condenses  the  nitrous  acid,  and  renders  it  inoperative 
ia  transforming  fresh  portions  of  sulphurous  acid  into  sulphuric.  On  these  prindplet 
alone  is  it  possible  to  oxygenate  the  sulphurous  acid,  by  the  nitrous  acid  resuming  and 
■arrenderinK  a  dose  of  oxygen,  in  perpetual  alternation. 

It  was  MM.  Clement  and  Desormes  who  first  had  the  sagacity  to  trace  these  compli- 
cated changes.  They  showed  that  nitrous  acid  gas  and  sulphurous  acid  gas  mixed,  react 
aa  each  other  throuzh  the  intervention  of  moisture ;  that  there  resulted  thence  a  combina- 
linn  of  sulphuric  acid,  deutoxyde  of  azote  (nitrous  ras),  and  water;  that  this  crystalline 
compound  was  instantly  destroyed  by  more  water,  with  the  separation  of  the  sulphuric  acid 
hi  a  lipiid  state,  and  the  disengagement  of  nitrous  sas;  that  this  i^s  re-constituted  nitrous 
acid  at  the  expense  of  the  atmospheric  oxysren  of  the  leaden  chamber,  and  thus  brought 
Matters  to  their  primary  condition.  From  this  point,  starting  again,  the  particles  of 
•olphur  in  the  sulphurous  acid,  through  the  agency  of  water,  became  Ailly  oxysrenated  by 
the  nitrous  acid,  and  fell  down  in  heavy  drops  of  sulphuric  acid,  while  the  nitrous  gas 
derived  from  the  nitrous  acid,  had  again  recourse  to  the  air  for  its  lost  dose  of  oxygen. 
This  beautiful  interchanse  of  the  oxygenous  principle  was  found  to  sro  on,  in  their  ei- 
periments,  till  either  the  sulphurous  acid,  or  oxygen  in  the  air,  was  exhausted. 

They  verified  this  proposition,  with  regard  to  what  occurs  in  sulphuric  acid  chambers, 
hy  mixinsr  in  a  crystal  elobe  the  three  substances,  deutoxyde  of  azote,  sulphurous  acid, 
and  atmospheric  air.  The  immediate  productbn  of  red  vapors  indicated  the  transforma- 
tion of  the  deutoxyde  into  nitrous  acid  gas ;  and  now  the  introduction  of  a  very  little 
water  cause<l  the  proper  reaction,  for  opaque  vapors  rose,  which  deposited  white  star- 
Arm  crystals  on  the  surface  of  the  glass.  The  gases  were  once  more  transparent  and  color- 
less ;  but  another  addition  of  water  melted  these  crystals  with  eflTervescence,  when  ruddy 
vapors  appeared.  In  this  manner  the  phenomena  were  made  to  alternate,  till  the  oxygcft 
of  the  included  air  was  expended,  or  all  the  sulphurous  aeid  was  converted  into  sol- 
pbarie.  The  residuary  gases  were  found  to  be  nitrous  aeid  gas  and  azote,  without  suW 
parous  acid  ga« ;  while  unctuous  sulphuric  acid  bedewed  the  inner  surface  of  the  gkibeb 
Senee,  ihey  justly  concluded  their  new  theory  of  the  manufacture  of  oil  of  vitrfol  lo  ht 
ienonstrated. 
Ia  cooseqoeoot  of  their  discovery,  the  Dianofactare  of  this  acid  has  received  raoi 
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impnivrmpncti,  thai  ■  nearly  dooble  product  of  it  mar  now  be  obtained  fiDo  tke  mm 
WFi'jht  vF  materials.  IiiJcnl,  ll>e  Miinomy  mif  be  reckoned  to  be  much  itnaler;  for  Mr 
balfiif  llie  iniire  tmily  in^redienl,  the  nitre,  rucmerlj  emplojied  with  a  Ki«eB  veigtaif 
■Diphur,  lultiees  at  pmeni. 

In  the  mnnuOirture  of  nulptinrie  acid  upon  the  ftreal  «ea1e,  two  diflerent  ■;■'<■>■  ' 
working  were  lonx  iirevaleni;  the  inlrrinillent  or  periodical,  and  the  contJBDoa  ■ 
anirurm.  Bolh  writ  carried  ooin  larn  leaden  chamhert.  In  the  former,  the  eta» 
berR  tri're  clonpd  during  the  period  of  cumbutlioD  and  ftaaeona  combinatif 
pprniil  rmiii  liine  tu  lime  to  inlrailuce  fresh  aliDCMpherie  air.  This  method  w,  I  Ukn, 
peniTHlly  nlnndimrd  mi«,  nn  account  vf  the  diflicuUiea  and  delaTi  alleDdiiig  it,  tho^k 
it  aniinleii  larve  pri>duct>  in  skilful  bands.  In  Ike  laller,  a  coDlinuooa  ciirmt  of  ail  « 
alliiwcl  III  enier  at  the  oven  in  fnini  of  the  chamber  Tur  the  coinboalion  of  the  ulrkar, 
and  thiTr  ■»  ■  coflslanl  escape  of  nilnNirn  gas,  witli  a  Ltlle  ralphtmaa  afid  gaa,  at  tk 

Fit,  I  lOI  re|iretenl9BBUlphuricecid  chamber,  a,  a,  are  the  brick  or  iloae  pillana|a 
which  it  ri-Fli ;  6,  b,  are  the  *u»tainine  wooden  hcama  or  joiat*  j  c,  ia  the  chiiDDCT  lor  it 
dischai  ?e  of  ihe  nilmien ;  rf,  i*  the  ronf,  and  t,  tlie  sole  of  tbe  hearth  for  the  i  laiiWia 
of  rhe  •iili'hiir;  /.  in  the  r>lindrical  tunnel,  Or  pipe  of  lead  or  carl  iron,  for  Foadaaai 
the  ES'lfiiini  n>atdiali>  into  Ihe  chnmber;  f,  a  tbe  »teatD  boiler  ;  and  k,  Ihe  aleaak-pifd 
Tliat  |>lan  i*  vnrit>u>l}  u.ndiEcd,  by  diH'erent-oil  of « itriol  makcia  ia  this  coaBtTT  nl 
in  Kinncc.  Vitv  frrQiienlly,  Ilie  oven  t,  d,  n  not  tiiualed  under  Ihe  cbambcf,  W 
ia  b'liU  at  [he  end  uf  it,  as  al  i,  and  arched  over  with  brick,  the  crown  beta;  ) 
inches  ihick.  The  r'l*/i  I**  inches  in  dinnielcf,  is  then  placed  ouUide  of  Ibe  (baala, 
beinii  in^rinl  Into  a  biick  clitmnry,  and,  lurnine  reclanfiDlarlj',  entera  it  oppoileL 
Tlic  luilr  i>r  Ihe  hearth  t,  ia  a  thick  plate  of  cast  iron  (not  hollowed  aa  •hovo  it  At 
flflurp).  a  or  6  feet  lone,  and  3  or  4  broad,  with  a  amalJ  fireplace  conatmcled  la  ami 
t1.  wliuce  •iixikf-fluF  nina  oiiiWHrds,  under  the  Quor,  to  tbe  *ide  wall  of  tbe  bailb^ 
The  ovrn  j<  tn  ihii  caM:  about  2  feel  in  heiEhl,  fiom  Ihe  fole  to  Ibe  tOoTi  aad  illM 
ao  iron  diior,  nbtut  12  inches  by  tb,  which  ilidet  up  and  d 


a  *f  I'hon-runnel  and  water-trap  for  intro'lncini  walei  la  Ibe  acid  fiaaes. 

Severnl  manufnclurer!!  divide  the  chnmbir  into  a  rerieg  of  rectangular  coniparlBe*^ 
b}  paialtel  leaden  sciccn*,  10  oi  13  feet  atunder,  and  allow  Ibese  cainp«rlii>enu  tocn- 
mnnicale  by  a  narrow  oiienjns,  or  a  hole  I  Tool  »|uare,  in  the  lop  and  botlom  of  rui 
Rcreen  ollprnately.  Thus  ihe  fumes,  wliicb  cnlcr  from  the  chimney-pipe  otct  k,  will  k 
forced,  by  the  'creen  al  b,  to  descend  to  I,  and  pass  ibroutih  Ihe  opcninv  there,  lotet  inls 
tbe  aecund  com  put  I  men  I,  whence  tbcy  will  escape  near  Ibe  lop  at  3,  Ihua  circilatiai!  tf 
•nd  down,  so  as  lo'  occasion  a  complele  oxilBlion  and  inlermixlare  of  Ibdr  liMR» 
geneous  pnrlicli^.  Inlo  the  aide  of  Ihe  chamiier,  opposite  to  the  centre  of  each  na- 
pailmeni,  n  lend  pipe  enlen,  and  proceeds  towards  the  middle  a(  Ibe  area,  temunatiaf  ia 
a  narrow  otitice,  for  discharein^  a  jet  of  hieh-pressure  Etcam  from  a  boiler  luodtdvitt 
40  |<oiiiids  nixm  the  vquare  inch.  This  boiler  should  be  placed  under  ashed  Mleriot 
to  the  buihline.  It  dcKerres  to  be  noted,  thai  the  incessant  treiDora  produced  ia  tUi 
pipe  by  Ihe  esenpe  of  the  steam,  cause  Ihe  orifice  to  contract,  and  eventually  lo  da* 
almost  enlirely.j'ist  as  the  |>nlnl  of  a  filass  tubcdocG  when  eipoaed  directly  to  the  flame  «f 
a  bliiw[>ipe.    Frorition  ihuuld  ihen!'fo[e  be  made  •gniiut  this  event,  by  tbe  chemiad 
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lead  being  folded  beck  over  the  face  of  the  strong  deals  which  strenrhen  (he  chamber 
in  that  place.  The  edges  of  the  holes  are  bevelled  outwards,  so  as  to  fit  a  large  conical 
plug  of  wood  faced  with  lead,  called  a  man-hole  door.  One  or  other  of  these  doors  if 
opened  fiom  lime  to  time,  to  allow  ihe  superintendent  to  inspect  the  process,  or  work- 
men to  enter,  after  the  chamber  is  well  ventilated,  for  the  purpose  of  making  repairs. 
The  joists  or  tie-beams,  that  bind  the  raAers  of  the  roof  of  both  the  leaden  chamber  and 
the  house,  must  be  at  least  7  inches  deep,  by  3  bro^d,  and  of  such  length  as  to  have 
their  ends  sup[>orted  upon  the  outer  wall,  or  the  columnar  supports  of  the  roof,  in  case 
a  number  of  chambers  are  enclosed  together  in  parallel  jranges  under  a  vast  shed.  These 
beams,  which  lie  two  feet  apart,  suspend  the  leaden  roof,  by  means  of  leaden  straps 
soldered  to  its  upper  surface  and  edges.  The  sides  of  the  chamber  are  sustsined  by 
means  of  similar  leaden  straps  affixed  to  the  wooden  posts  (nprights),  4  inches  bioad  by  3 
thick,  ]>1aced  two  or  three  Jcet  apart  along  the  sides  of  the  chamber;  resting  on  the  ground 
below,  and  mortised  into  the  tie-beams  above.  Some  chambers  rest  upon  a  sand-floor ; 
but  they  aie  preferably  placed  upon  wooden  joists,  supported  by  pillars  stretching  over  an 
open  area,  as  shown  in  the  figure,  into  which  the  workmen  may  descend  readily,  to  examine 
the  bottom. 

The  outlet  c,  on  the  top  of  the  chamber,  is  sometimes  joined  to  a  long  pipe  of  lead  laid 
nearly  horizontally,  with  a  slight  inclination  upwards,  along  the  roof,  for  favoring  the 
condensation  and  return  of  acid  matter. 

At  the  extremity  /,  of  the  chamber,  which,  having  a  downward  slope  of  1  inch  in  cverj 
20  feet,  should  stand  from  3  to  6  inches  (accordine  to  its  length)  lower  than  t,  one  lee  of 
an  inverted  syphon  pipe  is  fixe<l  hy  fusion,  into  which  the  liquid  of  the  chamber  passing, 
will  show  by  its  altitude  the  depth  on  the  bottom  within.  From  the  cup-shaped  orifice  of 
that  bent-up  pipe,  the  acid  of  the  chauiber  is  drawn  off  by  an  ordinary  leaden  syphon  into 
the  concentration  ))ans. 

The  sheet  lead  of  which  the  sides  and  top  are  made  should  weieh  from  5  to  6  pounds 
per  square  foot;  that  of  the  bottom  should  be  nearly  of  double  thickness. 

Having  now  detailed,  with  sufficient  minuteness,  the  construction  of  the  chamber,  I 
shall  next  describe  the  mode  of  operating  with  it.  There  are  at  least  two  plans  at  present 
in  use  for  burning  the  sulphur  continuously  in  the  oven.  In  the  one,  the  sulphur  is  laid 
on  the  hearth  f,  (or  rather  on  the  flat  hearth  in  the  separate  oven,  above  described,)  and  is 
kindled  by  a  slii:ht  Hre  placed  under  it ;  which  fire,  however,  is  allowed  to  go  out  aAer 
the  first  (lay,  because  the  oven  becomes  hy  that  lime  sufficiently  heated  by  the  sul[ihur 
flames  to  carry  on  the  subsequent  combustion.  L-pon  the  hearth,  an  iron  tripod  is  set, 
supporting,  a  few  inches  above  it,  a  hemispherical  cast-iron  bowl  (basin)  charged  with 
nitre  and  its  decomposing  proiioriion  <<f  stronc  sulphuric  acid.  In  the  other  plan,  12  parts 
of  bruiseil  sulphur,  and  1  of  nitre,  are  mixed  in  a  leaden  trough  on  the  floor  with  1  of 
strong  sulphuric  acid,  and  the  mixture  is  shovelled  through  the  sliding  iron  door  upon 
the  hot  hearth.  The  successive  charges  of  sulphur  are  proportioned,  of  course,  to  the 
size  of  the  chamber.  In  one  of  the  largest,  which  is  120  feet  Ion?,  20  broad,  and  16 
high,  12  cwts.  are  burned  in  the  course  of  24  hours,  divided  into  6  charges,  every  fourth 
hour,  of  2  cwts.  each.  In  chambers  of  one  sixth  greater  capacity,  containing  1400 
metres  cube,  1  ton  of  sulphur  is  burned  in  24  hours.  This  immense  production  war 
first  introduced  at  Chaunay  and  Dieuze,  under  the  management  of  M.  Clement-Desormes^ 
The  bottom  of  the  chamber  should  be  covered  at  first  with  a  thin  stratum  of  snlpharie 
acid,  of  spec.  grav.  1*07,  which  decomposes  nitrous  acid  into  oxygen  and  nitrous  eas; 
but  not  with  more  water,  which  would  absorb  the  nitrous  acid  vapors,  and  withdraw 
them  from  their  aerial  sphere  of  action.  The  vapor  of  nitric  acid,  disengaged  from 
the  nitre  on  the  hearth  of  the  oven,  when  brought  into  intimate  contact  with  the 
sulphurous  acid,  either  gives  up  oxygen  to  it,  becomes  itself  nitrous  gas,  and  converts 
it  into  sulphuiic  acid;  or  combines  with  the  sulphurous  acid  into  the  crystalline 
compound  above  described,  which,  the  moment  it  meets  with  moisture,  is  decomposed 
into  sulphuric  acid  and  nitrous  gas.  The  atmospherical  oxysren  of  the  chamber  imme- 
diately reconverts  this  gas  into  nitrous  or  nitric  acid  fumes,  which  are  aeain  ready,  with 
the  co-operation  of  sulphurous  acid  gas  and  aqueous  vapor,  to  produce  fresh  quantities 
of  hydrous  sulphuric  acid  (oil  of  vitriol)  and  nitrous  sas.  At  low  temperatures,  this 
earious  play  of  chemical  affinities  has  a  great  tendency  to  form  the  crystalline  compound, 
nnd  to  deposite  it  in  a  crust  of  considerable  thickness  (from  one  half  to  one  inch)  on  the 
sides  of  the  chamber,  so  as  to  render  the  process  inoperative.  A  circumstance  of  this 
kind  occurred,  in  a  very  striking  manner,  during  winter,  in  n  manufacture  of  oil  of 
▼itriol  in  Russia ;  and  it  has  sometimes  occurred,  to  a  moderate  extent,  in  Scotland.  It 
is  called,  at  Marseilles,  the  maladit  de»  chambrts.  It  may  be  certainly  prevented,  by 
maintaining  the  interior  of  the  chamber,  by  a  jet  of  steam,  at  a  temperature  of  100^  F. 
When  these  crystals  fall  into  the  dilute  acid  at  the  bottom,  they  are  decomposed  with  a 
▼iolent  effervescence,  and  a  hissing  gurgling  noise,  somewhat  like  that  of  a  tun  of  beer  in 
fermentation. 
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M.  Clement- netormefli  demonstrated  the  proposition  rektire  to  the  inflaence  of  temps- 
•tore  by  a  decisive  experiment.  He  took  a  glass  globe,  farnished  with  three  tabahno, 
and  put  a  bi(  of  ice  into  it.  Tbroagh  the  first  opening  he  then  introduced  snlphorom 
•eid  gas;  through  the  second,  oxygen  ;  and  through  the  third,  nitrons  gms  (deutoxydeof 
azote).  While  the  globe  was  kept  cool,  by  being  plunged  in  iced  water,  no  snlphuricsdi 
was  formed,  though  all  the  inu*redtents  essential  to  iu  production  were  present.  Butsi 
exposing  the  globe  to  a  temperatm;e  of  100°  Fahr.,  the  four  bodies  begnn  immediately  ti 
feaet  on  each  other,  and  oil  of  vitriol  was  condensed  in  visible  f/n>. 

The  introduction  of  steam  is  a  modem  invention,  which  has  vastly  facilitated  sai 
niereased  the  production  of  oil  of  vitriol.  It  serves,  by  powerful  agitation,  not  obIt 
to  mix  the  different  gaseous  molecules  intimately  together,  but  to  impel  them  agUMl 
each  other,  and  thus  bring  them  within  the  sphere  of  their  mutual  chemical  attiadia. 
This  is  iu  mechanical  effect.  Its  chemical  aeency  is  still  more  important.  Bysupplji^ 
moisture  at  every  point  of  the  immense  included  space,  it  determines  the  formalioatf 
hydrous  sulphuric  acid,  from  the  compound  of  nitric,  nitrons,  solphnrons,  and  dry  td- 
phurie  acids.  No  sooner  is  this  reaction  accomplished,  than  the  nitrons  gas  resumes  il 
oxygen,  from  the  continuous  atmospherical  current,  and  becomes  arain  6t  to  operate  i 
l&ke  round  of  transmutations  with  sulphurous  acid,  steam,  and  oxygen.  The  nitrogen  (azote), 
which  ought  to  be  the  only  residuum  in  a  perfectly  regulated  vitriol  chamber,  escapes,  bf 
its  relative  lightness,  at  the  opening  c,  in  the  roof,  or,  more  properly  speaking,  is  disphcei 
by  the  influx  of  the  heavier  gases  at  the  entrance-pipe. 

On  the  intermittent  plan,  after  the  consumption  of  each  charge,  and  condensatioa  tf 
the  product,  the  chamber  was  opened,  and  freely  \'entilafed,  so  as  to  expel  the  residuiy 
axote,  and  replenish  it  with  fresh  atmospheric  air.  In  this  system  there  were  four  distiid 
stages  or  periods: — 1.  Combustion  for  two  hours;  2.  Admission  of  steam,  and  selUii^ 
for  an  hour  and  a  half;  3.  Conversion,  for  three  hours,  during  which  interral  the  dro^ 
of  strong  acid  were  heard  falling  like  heavy  hailstones  on  the  bottom  ;  4.  Purging  of  tk 
chamber,  for  three  quarters  of  an  hour. 

By  the  continuous  method,  sulphuric  acid  may  be  currently  obtained  in  the  chamben^ 
of  the  specific  gravity  1-350,  or  1*450  at  most ;  for,  when  stronger,  it  absorbs  andrcfaiii 
permanently  much  nitrous  acid  gas ;  but  by  the  intermittent,  so  dense  as  1*550,  or  evea 
1*620 ;  whence  in  a  district  where  fuel  is  high  priced,  as  near  Paris,  this  method  reco» 
mended  itself  by  economy  in  the  concentration  of  the  acid.  In  Great  Britain,  and  even  is 
Bost  parts  of  France,  however,  where  time,  workmen's  wages,  and  interest  ^capital,  are 
the  paramount  considerations,  manufacturers  do  not  find  it  for  their  interest  in  geanal  lo 
raise  the  density  of  the  acid  in  the  chambers  above  1*400,  or  at  most  1-500 ;  as  the  farther 
iacrease  goes  on  at  a  retarded  rate,  and  its  concentration  from  1*400  to  1-600,  ia 
pans,  costs  very  little. 

At  about  the  specific  gravity  of  1*35,  in  Great  Britain,  the  liquid  of  the  chambers  is 
off,  by  the  syphon  above  described,  into  a  leaden  gutter  or  spout,  which  discharges  it  i 
a  series  of  rectangular  vessels  made  of  laree  sheets  of  lead,  of  12  or  14  lbs.  to  the  sqa 
foot,  simply  folded  up  at  the  ancles  into  pans  8  or  10  inches  deep,  resting  upon  a  fiaM 
made  of  a  pretty  close  row  of  wrought-iron  bars  of  considerable  strength,  under  which 
the  flame  of  a  furnace  plays.  Where  coals  are  very  cheap,  each  pan  may  have  a  lepa- 
rate  fire ;  but  where  they  are  somewhat  dear,  the  flame,  afler  passing  under  the  kMl 
pan  of  the  range,  which  contains  the  slronsrest  acid  (at  about  1*600),  proceeds  upwaidl 
with  a  slight  slope  to  heat  the  pans  of  weaker  acid,  which,  as  it  concentrates,  is  gradoal^ 
ran  down  by  syphons  to  replenish  the  lower  pans,  in  proportion  as  their  aqueous  matterii 
dissipated.  The  3  or  4  pans  constitulinc  the  range  sre  thus  placed  in  a  straight  line^tal 
each  at  a  different  level,  terrace  like;  en  grff/ftas,as  the  French  say. 

When  the  acid  has  thereby  acquired  the  density  of  1*650,  or  1*700  at  most,  it  mnit  te 
removed  from  the  leaden  evaporators,  because,  when  of  greater  strength,  it  wooU  begis  Is 
esrrode  them ;  and  it  is  transferred  into  leaden  coolers,  or  run  throush  a  long  refriferitofy 
worm-pipe  surrounded  by  cold  water.  In  this  state  it  is  introduced  into  glass  or 
platinum  retorts,  to  undergo  a  final  concentration,  up  to  the  specific  srrayity  of  1*842,  or 
eren  occasionally  1*845,  in  consequence  of  slight  saline  impurities.  When  glass  relorti 
are  used,  they  are  set  in  a  lone  sand-bath  over  a  ?allery  furnace,  resting  on  fire  tikii 
under  which  a  powerful  flame  plays ;  and  as  the  flue  gradually  ascends  from  the  fii^ 
place,  near  to  which  it  is  most  distant  from  the  tiles,  to  the  remoter  end,  the  heat  acH 
with  tolerable  equality  on  the  first  and  last  retort  in  the  range.  VHien  platinum  stSb 
are  employed,  they  are  fitted  into  the  inside  of  cast-iron  pots,  which  protect  the  this 
bottom  and  sides  of  the  precious  metal.  The  fire  being  applied  directly  to  the  iraB» 
causes  a  safe,  rapid,  and  economical  concentration  of  the  acid.  The  iron  poM^ 
with  their  platinum  interior,  filled  with  concentrated  boiling-hot  oil  of  vitnol,  art 
lifted  out  of  the  fire-seat  by  tackle,  and  let  down  into  a  cistern  of  cold  water,  to  eflsd 
the  speedy  refh'geration  of  the  acid,  and  fhcilitate  its  transvasion  into  carboys  packed  is 
osier  baskets  lined  with  straw.    Sometimes,  however,  the  acul  is  cooled  by  mnning  ft 
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slowly  off  through  a  long  platinum  syphon,  sDrroaodcd  hy  another  pipe  filled  with  cold 
Fig,  1102  shows  my  contrivance  for  this  purpose. 

The  under  stopcock  a,  being  shut,  and  the  leg 
b,  being  plunged  to  nearly  the  bottom  of  the  sliU. 
tbe  worm  is  to  be  filled  with  concentrated  coki 
acid  through  the  funnel  c.  If  that  stopcock  is  now 
shut,  and  a  opened,  the  acid  will  flow  out  in  such 
quantity  as  to  rarefy  the  small  portion  of  air  in  the 

r  Ti^     ^-"^  l-^n  .  upper  part  of  the  pipe  6,  sufllciently  to  make  the 

j  ^"^^     ^3     hot  acid  rise  up  over  the  bend,  and  set  the  syphoa 

u  /p-  "^^  C\i  in  action.  The  flow  of  the  fluid  is  to  be  so  regu- 
lated by  the  stopcock  a,  that  it  may  be  greatly 
cooled  in  its  passage  by  the  surrounding  cold  water 
ii)  the  vessel  /,  which  may  be  replenished  by  means 
of  the  tube  and  funnel  d,  and  overflow  at  e. 

A  manufacturer  of  acid  in  Scotland,  who  boms 
in  each  chamber  210  pounds  of  sulphur  in  24  hours, 
being  at  the  rate  of  420  pounds  for  20,000  cubic 
feet  (=  nearly  2000  metres  cube),  has  a  product  of 
nearly  3  pounds  of  concentrated  oil  of  vitriol  for 
every  pound  of  sulphur  and  twelAh  of  a  pound  of 
nitre.  The  advantage  of  his  process  results,!  con* 
ceive,  from  the  lower  concentration  of  the  acid  in 
the  chambers,  which  favors  its  more  rapid  produc- 
tion. 

The  platinum  retort  admits  of  from  4  to  6  opera- 
tions in  a  day,  when  it  is  well  mounted  and  man- 
aged. It  has  a  capital  of  platinum,  furnished  with 
m  short  neck,  which  conducts  the  disengaged  vapors  into  a  lead  worm  of  condensation ; 
and  the  liquid  thus  obtained  is  returned  into  the  lead  pans.  Great  care  must  be  taken 
to  prevent  any  particles  of  lead  from  getting  into  the  platinum  vessel,  since  at  the  ten>- 
peratnre  of  boiling  sulphuric  acid,  the  lead  unites  with  the  precious  metal,  and  thus 
causes  holes  in  the  retort.  These  must  be  repaired  by  soldering-on  a  plate  of  platinum 
with  i^old. 

Before  the  separate  oven  or  hearth  for  burning  the  sulphur  in  contact  with  the  nitre 
was  adopted,  this  combustible  mixture  was  introduced  into  the  chamber  itself,  spread  on 
iron  trays  or  earthen  pans,  supported  above  the  water  on  iron  stands*  But  this  plan  was 
very  laborious  and  unproductive.    It  is  no  longer  followed. 

One  of  the  characters  of  the  good  quality  of  sulphuric  acid,  is  its  dissolving  indigo 
without  altering  its  fine  blue  color. 

Sulphuric  acid,  when  well  prepared,  is  a  colorless  and  inodorous  liquid,  of  an  oily 
•spect,  possessing  a  specific  gravity,  in  its  most  concentrated  state,  of  1*842,  when  re- 
distilled, but  as  found  in  commerce,  of  1*845.  It  is  eminently  acid  and  corra«ive,  so 
that  a  single  drop  will  communicate  the  power  of  reddening  litmus  to  a  gallon  of  watcTi 
•nd  will  produce  an  ulcer  of  the  skin  when  allowed  to  remain  upon  it.  If  swallowed  in 
its  strongest  state,  in  even  a  small  quantity,  it  acts  so  furiously  on  the  throat  and  stomach 
i»  to  cause  intolerable  agony  and  speedy  death.  Watery  diluents,  mixed  with  chalk  or 
magnesia,  are  the  readiest  antidotes.  At  a  temperature  of  abont  600^  F.,  or  a  few  de- 
grees below  the  melting  point  of  lead,  it  boils  ami  distib  over  like  water.  This  is  the 
best  method  of  procuring  sulphuric  acid  free  from  the  saline  and  metallic  matters  with 
which  it  is  sometimes  contaminated. 

The  affinity  of  sulphuric  acid  for  water  is  so  strong,  that  when  exposed  in  an  open 
Saneer,  it  imbibes  one-third  of  its  weight  from  the  atmosphere  in  24  hours,  and  fully  six 
tiroes  its  weight  in  a  few  months.  Hence  it  should  be  kept  excluded  from  the  air.  If 
four  parts,  by  weight,  of  the  strongest  acid  be  suddenly  mixed  with  one  part  of  water, 
both  being  at  50^  F.,  the  temperature  of  the  mixture  will  rise  to  300^;  while,  on  the 
other  hand,  if  four  parts  of  ice  be  mixed  with  one  of  sulphuric  acid,  they  immediately 
liquefy  and  sink  the  thermometer  to  4®  below  zero.  From  the  great  attraction  existing 
between  this  acid  and  water,  a  saucer  of  it  is  employed  to  effect  the  rapid  condensation 
•f  aqueous  vapor  as  it  exhales  from  a  cup  of  water  placed  over  it ;  both  standing  under 
thC'^^Lhausted  receiver  of  an  air-pump.  By  the  coM  produced  by  this  unchecked  evapo- 
ntiOD  in  vacuo,  the  water  is  speedily  frozen. 

Xo  determine  the  purity  of  sulphuric  acid,  let  it  be  slowly  heated  to  the  boiling  point 
of  vNrter,  and  if  any  volatile  acid  matter  be  present,  it  will  evaporate,  with  its  character- 
lUks  smell.  The  presence  of  saline  impurity,  which  is  the  common  one,  is  discovered 
1^  evaporating  a  given  weight  of  it  in  a  small  capsule  of  platinum  placed  on  red-hot 
binders.    If  more  than  two  grains  remain  out  of  000,  the  .add  may  be  reckoned  to  be 
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impiire.  The  brst  test  for  svlphuric  acid,  and  the  soltible  Falts  into  whieh  it  enten,  ii 
the  nitrate  of  baryta,  of  i^hich  182  parts  are  equivalent  to  49  of  the  strongest  liquid  idd, 
or  to  40  of  the  diy,  as  it  exists  in  cr)'stal]ized  sulphate  of  pota6.«a.  One  twenty  tboa- 
sandth  pait  of  a  grain  of  the  acid  may  be  detected  by  the  grayish-white  elond  mhiek 
bar}ta  foims  with  it.  100  parts  of  the  concentrated  acid  are  neutralized  l»y  143  fartsof 
dry  carbonate  of  potassa,  and  by  110  of  dry  carl>onate  of  soda,  both  peifectly  pure. 

Of  all  the  acids,  the  sulphuric  is  most  extensively  used  in  the  arts,  And  is,  in  fact,  tke 
primary  agent  for  obtaining  ain.ost  all  the  others,  by  disengaging  thrm  from  their  nlioe 
combinations.  In  this  way,  nitric,  muriatic,  tartaric,  acetic,  and  many  other  adds,  ire 
procured.  It  is  employed  in  the  direct  foimation  of  alum,  of  the  sulphates  of  eorper, 
zinc,  potassa,  soda ;  in  that  cf  sulphuric  ether,  of  sugar  by  the  saccharification  ofiltrch, 
and  in  the  preparation  of  phosphorus,  &c.  It  scn'es  also  for  opening  the  poiet  (f  (kins 
in  tannin?,  fur  clearing  the  surfaces  of  metals,- for  determining  the  nature  of  seTeitlnhs 
by  the  acid  characters  that  are  disengaged,  &c. 

Acconling  to  the  analysis  of  Dr.  Thontson,  the  crystalline  compound  deposited  oen- 
sionally  in  the  leaden  chambers  above  described  consists  of— 


Sulphurous  acid,  0-6387,  or  3  atoms. 
Sulphuric  acid,     0-5'2<JO       2 
Nitric  acid       -    0-3450       1  atom. 


Water        -        -    0-0733,  or  1  aton. 
Sulphate  of  lead,    0-0140. 


He  admits  that  the  propoition  of  water  is  a  little  uncertain ;  and  that  the  presence  of 
sulphurous  acid  was  not  proved  by  diiect  analysis.  When  heated  with  water,  tbeciyi- 
talline  matter  disengages  nitrous  gas  in  abundance  ;  lets  fall  some  sulphate  of  ietd;  tod 
the  liquid  is  found  to  be  sulphuric  acid.  When  heated  without  water,  it  is  deccnpoied 
with  emission  of  nitrous  gas  and  fuming  nitric  acid  ;  leaving  a  liquid  which,  mixed  with 
water,  produces  a  brisk  efl'ervescence,  consisting  chiefly  of  nitrous  gas. 

The  following  Table  shows  the  quantity  of  concentrated  and  dry  sulphuric  acid  in  100 
parts  of  dilute,  at  different  densities,  by  my  experiments,  published  in  the  Qoaiterly 
Journal  of  Science,  for  October,  1817 :— 


Liquid. 

Spec.  gTvr'iiy. 

Diy. 

Liquid. 

Spec,  gravity. 

Diy. 

Liqvid. 

Spec,  fraviiy 

D7. 

J  00 

i-84eo 

81-54 

66 

1-5503 

53-82 

32 

1*2334 

26-09 

99 

1-8438 

80-72 

65 

15390 

53-00 

31 

1-2260 

25-28 

98 

1-84J5 

7990 

64 

1-5280 

52-18 

30 

1*2184 

24*46 

97 

1-8391 

7909 

63 

1-5170 

5137 

29 

1*2108 

23*f;6 

96 

1-8366 

78-28 

62 

1-5066 

60-55 

28 

1*2032 

22-83 

95 

1-8340 

77-46 

61 

1-4960 

49-74 

27 

1*1956 

2201 

P4 

1-8288 

76^0 

60 

l-48f:0 

48-92 

26 

1*1876 

21*20 

93 

1-8235 

75-83 

59 

1-4760 

48-11 

25 

M792 

20*28 

92 

1-8181 

75-02 

58 

1-4660 

47-29 

24 

1*1706 

19*67 

91 

1-8026 

74-20 

57 

1-4560 

46-48 

23 

1*1626 

18-75 

90 

1-8070 

73-39 

56 

1-4460 

45-66 

22 

M549 

17-94 

89 

1-7986 

72-57 

65 

1-4360 

44-85 

21 

11480 

17-12 

88 

1-7901 

71-75 

54 

1-4265 

44-03 

20 

1*1410 

16*31 

87 

1-7815 

70-94 

53 

1-4170 

43-22 

19 

1*1330 

15*49 

86 

1-7728 

70-12 

52 

1-4073 

42  40 

18 

M246 

14*68 

85 

1-7640 

69-31 

51 

1-3977 

41-68 

17 

1-1166 

13-86 

84 

1-7540 

68-49 

50 

l-.?884 

40-77 

16 

1-IOfO 

13*05 

83 

1-7425 

6'?-68 

49 

1-3788 

39-95 

15 

1-1019 

12  23 

82 

1-7315 

66-86 

48 

1-3697 

39-14 

14 

10963 

IHI 

81 

1-72C0 

66*05 

47 

1-3612 

38-.?2 

13 

1-0887 

10*60 

80 

1-7080 

65  23 

46 

1-2530 

37-51 

12 

1CF09 

9*78 

79 

1-6972 

64-42 

45 

1-3440 

26-69 

11 

1*0743 

8*97 

78 

1-6860 

63-60 

44 

1-3345 

35-88 

10 

10682 

8-15 

77 

1-6744 

62-78 

43 

1-3255 

2506 

9 

1-C6I4 

7-34 

76 

1*6€24 

61-97 

42 

1-3165 

34-25 

8 

1-0644 

6-52 

75 

1-6500 

6115 

41 

1-3080 

33-43 

7 

1*0477 

8-71 

74 

1*6415 

60-34 

40 

1-2999 

22-61 

6 

1*0405 

4-89 

73 

1-6321 

59-52 

39 

1-2913 

31-fO 

5 

1-0336 

408 

72 

1-6204 

58-71 

?8 

1-2826 

20-i;8 

4 

1*0268 

3-26 

71 

1-6090 

57-89 

37 

1-2740 

.'0*17 

3 

i*oro6 

2-446 

70 

1-5975 

57-08 

36 

1-2654 

29-?6 

2 

1-0140 

1*63 

69 

1-5868 

66-26 

35 

1-2572 

28  54 

1 

I-C074 

0-81M 

68 

1-5760 

55-45 

34 

1-2490 

27-72 

67 

1*5648 

54*63 

33 

1*2409 

•26-91 

TAN.  1231 

SUMACH  (Enfr.  and  Fr. ;  Schmacky  Germ.)  is  the  powder  of  the  leaves,  peduncles,  and 
jooosr  blanches  of  the  Rhus  coriarioy  and  Wins  cotinutf  phrubs  n'hich  eruw  in  Hunsraryy 
the  Bannat,  and  the  Illyrian  provinces.  Both  kinds  contain  tannin,  with  a  little  yeih>w 
eoloring  matter,  and  are  a  good  deal  employed  for  tanning  light-colored  leathers;  but  the 
first  is  the  best.  With  mordants,  it  dyes  nearly  the  same  colors  as  ealis.  In  calico- 
priotin?,  sumach  affords,  with  a  mordant  of  tin,  a  yellow  color;  with  acetate  of  iron, 
weak  or  strong,  a  gray  or  black ;  and  with  sulphate  of  zinc,  a  brownish-yellow.  A 
deeoction  of  sumach  reddens  litmus  paper  strongly ;  gives  white  flocks  with  the  proto- 
Boriate  of  tin;  pale  yellow  flocks  with  alum ;  blue  flocks  with  red  sulphtite  of  iron,  with 
an  abandant  precipitate.  In  the  »outh  of  France,  the  twigs  and  leaves  of  the  Coriaria 
wtfrthi/otia  are  used  for  dyeing,  under  the  name  of  redoul,  or  rotfou, 

SWEEP-WASHER  is  the  yierson  who  extracts  from  the  sweepings,  potsherds,  &c, 
of  refineries  of  silver  and  gold,  the  small  residuum  of  precious  metal. 

SYNTHESIS  is  a  Greek  word,  which  signifies  combination,  and  is  applied  to  the 
chemical  action  which  unites  dissimilar  bodies  into  a  uniform  compound;  as  sulphnrie 
acid  And  lime,  into  gypsum ;  or  chlorine  and  sodium,  into  culinary  salt. 

SIRUP  is  a  solution  of  sugar  in  water.  Cane-juice,  concentrated  to  a  density  of 
1*300,  forms  a  sirup  which  does  not  ferment  in  the  transport  home  from  the  West  Indies, 
and  may  be  boiled  and  refined  at  one  step  into  supeiior  sugar-loaves,  with  eminent  ad- 
vantage to  the  planter,  the  refiner,  and  the  revenue. 


T. 

TABBYING,  or  WATERING,  is  the  process  of  giving  stuffs  a  wavy  appearanee 
with  the  calender. 

TACAMAHAC  is  a  resin  obtained  from  the  Fagura  octandroy  a  tree  which  grows  in 
Mesieo  and  the  West  Indies.  It  occurs  in  yellowish  pieces,  of  a  strong  smell,  and  a 
bitteri«h  aromatic  taste.    That  from  the  island  of  Madagascar  has  a  greenish  tint. 

TAFFETA  is  a  light  silk  fabric,  with  a  considerable  lustre  or  gloss. 

TAFIA  is  a  variety  of  rum. 

TALC  is  a  mineral  genus,  which  is  divided  into  two  species,  the  common  and  the 
iadorated.  The  first  occurs  massive,  disseminated  in  plates,  imitative,  or  crystallised  in 
■lall  six-sided  tables.  It  is  splendent,  pearly,  or  semi-metallic,  translucent,  flexible,  bnt 
Ml  elastic.  It  yields  to  the  nail ;  spec.  grav.  2*77.  Before  the  blowpipe,  it  first  whitens 
tad  then  fuses  into  an  enamel  globule.  It  consists  of— silica,  62 ;  magnesia,  27 ;  alu- 
■iaa,  1-5;  oxyde  of  iron,  3*5;  water,  6.  Klaproth  found  2|  per  cent,  of  potash  in  it. 
It  is  found  in  beds  of  clay-slate  and  mica  slate,  in  Aberdeenshire,  Banffshire,  Perthshire, 
ftdsbnrVy  the  Tyrol,  and  St.  Gothard.  It  is  an  ingredient  in  rouge  for  the  toilette,  com- 
Baaicatinc  soAness  to  the  skin.  It  gives  the  flesh  polish  to  soft  alabaster  figures,  and  it 
tlto  osed  in  porcelain  paste. 

Tht*  second  species,  or  talc-slate,  has  a  greenish-gray  color;  is  massive,  with  tabular 
fiaftments,  translucent  on  the  edges,  soA,  with  a  white  streak ;  easily  cut  or  broken,  hut 
It  aot  flexible ;  and  has  a  greasy  feel.  It  occurs  in  the  same  localities  as  the  preceding. 
K  is  employed  in  the  porcelain  and  crayon  manufactures ;  as  also  as  a  crayon  itself,  by 
ivpenters,  tailors,  and  glaziers. 

TALLOW  (Sui/y  Fr. ;  Talgy  Germ.)  is  the  concrete  fat  of  quadrupeds  and  man. 
nat  of  the  ox  consists  of  76  parts  of  stearine,  and  24  of  oleine ;  that  of  the  sheep 
eoatains  somewhat  more  stearine.    Sec  Fat  and  Strarins. 

Tallow  imported  into  the  United  Kingdom,  in  1836,  1,186,364  cwts.  1  qr.  4  lbs.;  la 
1837,  1,308,734  cwts.  I  qr.  4  lbs.  Retained  for  home  consumption,  in  1836,  ],3]8,h78 
cwts.  I  qr.  25  lbs.;  in  1837,  1,294,009  cwU.  2  qrs.  21  lbs.  Duty  received,  in  1836, 
£208,284 ;  in  1837,  £204,377. 

TALT>OW,  PINEY.    See  Piney  Tallow. 

TAMPING  is  a  term  used  by  miners  to  express  the  filling  op  of  the  hole  which  they 
laTe  bored  in  a  rock,  for  the  purpose  of  blasting  it  with  sunpowder.    See  Minks. 

TAN,  or  TANNIC  ACID.  (Taiwiiti,  Fr.;  GtrUtoffy  Germ.)  See  its  piyparation  and 
properties  described  under  Galls. 

The  barks  replete  with  this  principle  should  be  stripped  with  hatchets  and  bills,  from 
the  trnnk  and  branches  of  trees,  not  less  than  30  years  of  ace,  in  spring,  when  their  sap 
lows  nr.ost  freely.  Trees  are  also  sometimes  barked  inHintumn,8nd  leA  standing,  whereby 
fkey  cease  to  vegetate,  and  perish  ere  long ;  hot  afford,  it  is  thought,  a  more  compact 
timber.  This  operation  is,  however,  too  troublesome  to  be  generally  practised,  and 
therefore  the  bark  is  commonly  obtained  from  felled  trees ;  and  it  is  richer  in  tannia 
tke  older  they  are.    The  bark  mill  is  described  in  Gregory's  Mtdiama^  and  other  similar 
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TAN'MNGcrciniur,  Fr.j  Gur^ni.Genn.)  ia  Iheirt  oreoDTeitiii^akia  inloLuran 
which  tM.  It  hu  been  ucerlained,  bryond  idaabt,  thai  "  Ihe  Mtnrated  infawMif 
■llriiKrnl  barks  contaitt  mnch  1e*t  exlracliTC  inaller,  in  proporfion  to  their  tanaii,  Ito 
Ibe  wesk  inru«lon>;  and  wh<-n  skin  is  quickly  tanned  (in  Ihe  Turmer),  eomiDoa  or*- 
ricace  >hoiii  thai  it  produces  leather  less  durable  than  leather  slowljr  rormed.'*  Tbe 
ntJer  tanners,  who  prided  ihemselTes  on  producing  a  sabstanttal  article,  were  » mad 
impressed  vilh  the  adrantnges  of  slowljr  im  preens  line  skin  nilh  attrin^eot  jnalter,  lk( 
llieir  rmploynl  no  concenlraled  inrusion  (ooa)  in  Iheir  pits,  but  slratified  Ihe  ikiol  wiA 
abandnnce  o(  cronnd  bark,  and  covered  Ihem  with  sofl  valcr,  knowing  thai  iu  aCCiTt 
principles  arc  very  soluble,  and  that,  b;  beini;  crndaallT  extreclrd,  tbef  wmild  pntebaw 
nnirurmt)'  the  whole  of  the  animal  fibres,  instead  of  acting  chieflf  upon  the  amftce,  ul 
making  brtl^e  leather,  a*  the  strong  inrnsions  never  fail  to  do.  In  Tact,  100  poaadi  (f 
■bin,  qaickly  tanned  in  a  strong  infusion  of  bark,  produce  I3T  oflcKther;  vhile  100 
poands,  slowlf  tanned  in  a  weak  infusion,  produce  only  117).  The  additioaal  I9(  jaaM 
weiiibt  in  the  Tonner  case  serre  merelj'  to  swell  the  tanner's  tnll,  while  Ibey  delerionic 
his  leather,  and  cause  it  to  contain  much  less  of  the  textile  animal  soliti.  Leather  llM 
highly  charRfd  with  tannin  is,  moreover,  so  sponej'  as  lo  allow  moiWnre  to  pan  t«adilf 
thtou;h  ils  pores,  to  Ihe  great  diseomrort  and  danger  of  persons  who  wear  shoe*  aafc 
«r  it.  That  the  saving!  of  time,  and  the  increase  of  product,  are  temptationt  rinaf  - 
eaou^h  to  induce  manT'modem  lanners  In  sleep  Iheir  skins  in  a  saeeeaaioD  at  atniagia- 
fosions  of  hark,  is  sufGcienllx  inlelllEihIe  ;  but  Ihtil  any  shoemaker  shoald  be  ao  ifaoraal  ' 
orw>  foolish  as  lo  proclaim  that  his  leather  is  made  by  a  proccH  ao  injnrioiit  to  ill 
qailit;,  is  unaccountably  stupid. 

TANTALUM  is  the  rare  metal,  also  called  CoLCMRttTH. 

TAPESTRY  is  an  ornamental  figured  lettile  fabric  of  worsted  or  silk,  fbr  liniat;  tbe 
walls  of  ansrlnunts  ;  of  which  Ihe  mosi  famous  is  that  of  the  Gobelina  Rojal  Maaobc- 

TAPIOCA  is  a  modification  of  starch,  partially  converted  into  gtim,  by  hoUtag  aid 
slirrlnc  cassava  upon  iron  plales.    See  Cassava  and  Starch. 

TAR  (Goudron,  Fr. ;   Thtr,  Germ.)  is  Ihe  viscid,  brown-black,  reainoMiIeagiBODB  eaa- 

posnd,  obtained  by  distilling  wood  in  close  vessels,  or  in  ovens  of  a  peenliar  cf 

8eeCliAn<-OAt,PiTco«L,coi[iNoor,  and  PtbolicneousAcid.  According  to  Ri 
lar  contains  the  peculiar  proximate  principles,  para^ne,  eapioR,  i:rciMo((,jiicaiiii>r,^(Ka> 
eat,  besides  pyro^enons  resin,  or  pynlint,  pyrogenons  oil,  or  pyroJetM,  and  vinegar,  lie 
tesin,  oil,  and  vincEnr  are  called  empyreumattc,  in  colmnon  luigu^re. 

Tar  imporled  into  the  United  Kingdom,  in  1B36,  9,797  ItU.  8  banela]    in  183T, 
•  III  B.  PsTj,  IB  Uh  OpnUiH  sT  AitriM*il  ttgHMu  ta  Tiaalaf .— fWL  Trml.  IMl 
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ll,4S01st8.  1  bri.    Retained  (br  home  consumption,  in  1836,  9,6391sts.  Sbrls.;  in  1837, 
1 1,6861$18.  2  brU.    Daty  received,  in  ]836,  i7,231 ;  in  1837,  £8,775. 

TARRAS ;  see  Cement,  and  Mobtar,  hydrauuc. 

TAKTAR  (Tarire,  Fr. ;  Weinstein,  Germ.)}  called  also  argal  or  argol,  is  the  crude 
bitartrate  of  jiotassa,  which  exists  in  the  juice  of  the  grape,  and  is  deposited  from  wines 
in  th^ir  fermenting;  casks,  being  precipitated  in  proportion  as  the  alcohol  is  formed,  in 
consequence  of  its  insolubility  in  that  liquid.  There  are  two  sorts  of  argal  known  io 
commerce,  the  white,  and  the  red ;  the  former,  which  is  of  a  pale-pinkish  color,  is  the 
crust  Itrt  fall  by  white  wines ;  the  latter  is  a  dark-red,  from  red  wines. 

The  crude  tartar  is  purified,  or  converted  into  cream  of  tartar,  at  Montpellier,  by  the 
roUowin?  process: — 

The  argal  having  been  ground  under  yertical  mill-stones,  and  sifled,  one  part  of  it  is 
boiled  with  Id  of  water,  in  conical  copper  kettles,  tinned  on  the  inside.  As  soon  as  it  is 
dissolved,  3^  parts  of  ground  pipe-clay  are  introduced.  The  solution  being  well  stirred, 
and  then  settled,  is  drawn  o(T  into  crystallizing?  vessels,  to  cool ;  the  crystals  found  con- 
creted on  the  sides  and  bottom  are  picked  out,  washed  with  water,  and  dried.  The 
mother  water  is  employed  upon  a  fresh  portion  of  argal.  The  crystals  of  the  first  crop 
are  re<dissolved,  re-cryslallized,  and  exposed  upon  stretched  canvass  to  the  sun  and  air, 
to  be  bleached.  The  clay  serves  to  abstract  the  coloring  matter.  The  crystals  formed 
upon  the  surface  are  the  whitest,  whence  the  name  cream  of  tartar  is  derived. 

Purifieil  tartar,  the  bitartrate  of  potassa,  is  thus  obtained  in  hard  clusters  of  small  col- 
orless crystals,  which,  examined  by  a  lens,  are  seen  to  be  transparent  4-8ided  prisms.  It 
*  has  no  smell,  but  a  feebly  acid  taste ;  is  unchangeable  in  the  air,  has  a  specific  gravity 
of  1-953,  dissolves  in  16  parts  of  boiling  water,  and  in  200  parts  at  60°  F.  It  is  insolu- 
ble in  alcohol.  It  consists  of  21*956  potassa,  70*276  tartaric  acid,  and  4*768  water.  It 
aflfords,  by  dry  distillation,  pyrotartaric  acid,  and  an  empyreumatic  oil ;  while  carbonate 
of  potassa  remains  associated  with  much  charcoal  in  the  retort,  constituting  black  flax. 
Tartar  is  .used  in  dyeing,  medicine,  and  for  extracting — 

TAKTARIC  ACID.  {Acide  tartarique,  Fr.;  Wtinateinndurt,  Germ,)  This  is  pre- 
pared by  addins:  gradually  to  a  boiling-hot  solution  of  100  parts  of  tartar,  in  a  large 
copper  boiler,  26  of  chalk,  made  into  a  smooth  pap  with  water.  A  brisk  eflervescenee 
ensues,  by  the  disengagement  of  the  cnrbonic  acid  of  the  chalk,  while  its  base  combines 
with  the  acid  excess  in  the  tartar,  and  forms  an  insoluble  precipitate  of  tartrate  of  lime. 
The  supernatant  liquor,  which  is  a  solution  of  neutral  tartrate  of  potassa,  must  be 
drawn  olf  by  a  syphon,  and  decomposed  by  a  solution  of  chloride  of  calcium  (muriate 
of  lime.)  28|  parts  of  the  dry  chloride  are  suflicient  for  100  of  tartar.  The  tartrate 
of  lime,  from  both  processes,  is  to  be  washed  with  water,  drained,  and  then  subjected,  in 
a  leaden  cistern,  to  the  action  of  49  parts  of  sulphuric  acid,  previously  diluted  with  8 
times  its  weight  of  water ;  100  of  dry  tartrate  take  75  of  oil  of  vitriol.  This  ortxture, 
after  digestion  for  a  few  days,  is  converted  into  sulphate  of  lime  and  tartaric  aced.  The 
latter  is  to  be  separated  from  the  former  by  decantation,  filtration  through  csAvass,  and 
cdulcoration  of  the  sulphate  of  lime  upon  the  filter. 

The  clear  aci:l  is  to  be  concentraited  in  leaden  pans,  by  a  moderate  heat  ^^  i^  acquires 
the  density  of  W  B.  (spec  grav.  1*38),  and  then  it  is  run  off*,  clear  frv^n  any  sediment, 
into  leaden  or  stoneware  vessels,  which  are  set  in  a  dry  stove-room  C»r  it  to  crystallize. 
The  crystals,  being  re-dissolved  and  re-cr)'stallizcd,  become  colon^ss  6-«ided  prisms. 
In  decomposing  the  tartrate  of  lime,  a  very  slight  excess  of  sulpbdrie  acid  must  be  em- 
ployed ;  because  pure  tartaric  acid  would  dissolve  any  tartrate  of  Ame  that  may  eseape  de- 
composition. Bone  black,  previously  freed  from  its  carbonate  tnd  phosphate  of  lime,  by 
murintic  acid,  is  sometimes  employed  to  blanch  the  colored  solutions  of  the  first  crystals. 
"Tartaric  acid  contains  nearly  9  per  cent,  of  combined  water.  It  is  soluble  in  two  parts 
of  water  at  60°,  and  in  its  own  weight  of  boiling  water.  Io  )ts  dry  state,  as  it  exists  in 
the  tartrate  of  lime  or  lead,  it  consists  of  36*8  of  carbon,  3  ofhydrogen,  and  60*2  of  oxy- 
gen.   It  is  much  employed  in  calico-printing,  and  for  makiiig  sodaic  powders. 

TARTRATES  are  salts  composed  of  tartaric  acid,  and  oxydized  bases,  in  eqniyalent 
proportions. 

TAWINO  is  the  process  of  preparing  the  while  skins  of  the  sheep,  doe,  dtc.  See 
Leather.  ^ 

TEA,  grttn,  contains  34-6  parts  of  tannin,  6-9  of  gum,  6-7  of  vegetable  albn- 
mine,  51-3  of  ligneous  fibre,  with  2*5  of  loss;  and  black  tea  contains  40*6  of  tannin, 
6*3  of  gum,  6*4  of  vegetable  albumine,  44*8  of  ligneous  fibre,  with  2  of  loss.  The  ashes 
contain  silica,  carbonate  of  lime,  magnesia,  and  ehlorkle  of  potassium. — l^rank,  Davy 
obtained  32*5  of  extract  from  Souchong  tea;  of  which  10  were  precipitated  by  gelatine. 
He  found  8*5  only  of  tannin  in  green  tea.  The  latter  chemist  is  most  to  be  depended 
upon.  Chemical  analysis  has  not  yet  discovered  that  principle  in  tea,  to  which  its  ezd* 
ting  property  is  due. 
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The  Chinese  method  of  makhig  Black  Tea  in  Upper  Jsnun,* — ^In  die  i&nt  pkee,  tke 
youngest  and  most  tender  leaves  are  gathered ;  but  when  there  are  many  hands  and  t 
great  quaiilily  of  leaves  to  be  collected,  the  people  employed  nip  off  with  the  ^rcinxcr 
and  thumb  the  fine  end  of  the  branch  with  about  (bur  leaves  on,  and  sometimfs  evni 
more,  if  they  look  tender.    I'hese  are  all  brought  to  the  place  where  they  are  to  kt 
converted  into  tea;  they  are  then  put  into  a  large,  circular, open-woiked  bamboo  b«»ket, 
having  a  rim  all  round,  two  fingers  broad.    The  leaves  are  thinly  sealtt-redin  tbcie 
baskets,  and  then  placed  in  a  frame-work  of  bamboo,  in  all  appearance  like  the  sideoTu 
Indian  hut  without  grass,  resting  on  posts,  2  feet  from  the  groand,  with  an  aaskof 
about  25^.    The  baskets  with  leaves  are  put  in  this  frame  to  dry  i»  the  sun,  and  uv 
pushed  up  and  brought  down  by  a  long  bamboo  with  a  circular  piece  of  wood  st  Ike 
end.    The  leaves  are  permitted  to  dry  about  two  hours,  being  ocea9ionally  tamed;  bit 
the  time  required  for  this  process  depends  on  the  heat  of  the  sun.    When  they  be^  t» 
have  a  slightly  withered  appearance,  they  are  taken  down  and  brought  iDto  the  houe, 
where  they  are  pkiced  on  a  frame  to  cool  for  half  an  hoar.    They  are  then  pat  iato 
smaller  baskets  of  the  same  kind  as  the  former,  and  phiced  on  a  slanid.     People  are  sow 
employed  to  soAen  the  leaves  still  more,  by  gently  dapping  them  between  their  hindi» 
with  their  fingers  and  thumb  extended,  and  tossing  them  np  and  letting  them  fall,  fat 
about  five  or  ten  minutes.    They  are  then  again  put  on  the  frame  during  half  an  hoar, 
and  brought  down  and  clapped  with  the  hands  as  before.    This  is  done  three  soccewTe 
times,  until  the  leaves  become  to  the  touch  like  soft  leather ;  the  beating  and  pottiif 
away  being  said  to  give  the  tea  the  black  cnlor  and  bitter  flavor.     AAer  this  the  IM 
is  put  into  hot  cast-iron  pans,  which  are  fixed  in  a  circular  mud  fireplace,  so  that  the 
flame  cannot  ascend  round  the  pan  to  incommode  the  operator.    This  pan  is  well  hettdl 
by  a  straw  or  bamboo  fire  to  a  certain  degree.     About  two  pounds  of  the  leaves  are  lhe> 
put  into  ench  hot  pan,  and  spread  in  such  a  manner  tlwt  all  the  leaves  may  get  the  nne 
degree  of  heat.    They  are  every  now  and  then  briskly  turned  with  the  naked  baid,to 
prevent  a  leaf  from  being  burnt.    When  the  leaves  become  inconveniently  hpt  to  the 
hand,  they  are  quickly  taken  out  and  delivered  to  another  man  with  a  elese-iraikcd 
bamboo  basket  ready  to  receive  them.    A  few  leaves  that  may  have  been  leA  behisd  tre 
smartly  brushed  out  with  a  bamboo  broom ;  all  this  time  a  brisk  fire  is  kept  vp  ssder 
the  pan.    After  the  pan  has  been  used  in  this  manner  three  or  four  times,  n  backet  of 
cold  water  is  thrown  in,  and  a  soft  brickbat  and  bamboo  broom  used,  to  give  it  t  good 
scouring  out;  the  water  is  thrown  out  of  the  pan  by  the  brush  on  one  side,  the pai 
itself  bein?  never  taken  ofl*.    The  leaves,  all  hot  on  the  bamboo  basket,  arc  laid  oat 
table  that  has  a  narrow  rim  on  its  back,  to  prevent  these  baskets  from  slipping  of  vbca 
pus\ied  aeainst  it.    The  two  pounds  of  hot  leaves  are  now  divided  into  two  or  three 
parcek,  and  dii^tributed  to  as  many  men,  who  stand  up  to  the  table  with  the  leaves  right 
before  them,  and  each  placing  his  leifs  close  together;  the  leaves  are  next  eoUecicd  into 
a  ball,  wVjch  he  gently  grasps  in  his  left  hand,  with  the  thumb  extended,  the  fisgcn 
close  tos:eti«r,  and  the  hand  restin?  on  the  little  finger.    The  richt  hand  must  be  ex- 
tended in  the  same  manner  as  the  left,  but  with  the  palm  turned  duwnwards,  resting  os 
the  top  of  the  Wll  of  tea  leaves.    Both  hands  are  now  employed  to  roll  and  propel  the 
ball  along ;  the  K(l  hand  pushing  it  on,  and  allowing  it  to  revolve  as  it  moves;  the  right 
hand  also  pushes  \t  forward,  resting  on  it  with  some  force,  and  keepini^  it  dowi  ts 
express  the  juice  w^ch  the  leaves  contain.    The  art  lies  here  in  giving  the  ball  a  at- 
cular  motion,  and  pen^itting  it  to  turn   under  and  in  the  hand  two  or  three  whole 
revolutions,  before  the.srms  are  extended  to  their  full  length,  and  drawing  the  ball  cf 
leaves  quickly  back  with»)t  leaving  a  leaf  behind,  being  rolled  for  about  hve  minntes  ia 
^  this  way.    The  ball  of  teaVaves  is  from  lime  to  time  gently  and  delicately  opened  with 
tfke  fingers,  liQed  as  high  as  the  face,  and  then  allowed  to  fall  again.     This  is  done  tvo 
or  three  times,  to  separate  the  leaves;  and  afterwards  the  basket  with  the  leaves  is  ILtfd 
np  as  often,  and  receives  a  cir'«alar  shake  to  bring  these  towards  the  centre.     Theletres 
are  now  taken  back  to  the  hot  pMis,  and  spread  out  in  them  as  before,  being  agaia  tan- 
ed  with  the  naked  hand,  and  when  hot  taken  out  and  rolled;  after  which  they  ire  pot 
into  the  drying  basket,  and  spread  on  a  sieve  which  is  in  the  centre  of  the  basket,  tad 
the  whole  placed  over  a  charcoal  fire.    The  fire  is  very  nicely  regulated ;  there  nrait  not 
be  the  least  smoke,  and  the  charcoal  should  he  well  picked. 

When  the  fire  is  lighted,  it  is  fanned  until  it  gets  a  fine  red  glare,  and  the  smoke  is  all 
gone  off';  being  every  now  and  then  stirred  and  the  coals  broueht  into  the  centre,  sou 
to  leave  the  outer  ed?e  low.  When  the  leaves  are  put  into  the  drying  basket,  they  are 
•  gently  separated  by  liAing  them  up  with  the  fingers  of  both  hands  extended  far  tptfti 
«nd  allowing  them  to  fall  down  again  ;  they  are  placed  3  or  4  inches  deep  on  the  we^ 
leaving  a  passage  in  the  centre  for  the  hot  air  to  pass.  Before  it  is  put  over  the  fire,thi 
drying  basket  receives  a  smart  slap  with  both  hands  in  the  act  of  llAing  it  vp,  whi^  ii 
done  to  shake  down  any  leaves  that  might  otherwise  drop  throngh  Uie  utft^  cc  tn  p*' 
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Tent  them  from  falling  into  the  fire  and  occasioning  a  nnoke,  vhich  wonld  affect  and 
spoil  the  tea.  This  slap  on  the  basket  is  invariably  applied  throughout  the  slases  of  the 
tea  manufacture.  There  is  always  a  large  basket  underneath  to  receive  the  small  leaves 
that  fa!!,  which  are  afterwards  collected,  dried,  and  added  to  the  other  tea;  in  no  case 
«re  the  baskets  or  sieves  permitted  to  touch  or  remain  on  the  ground,  but  always  lakl  on 
a  receiver  with  three  legs.  After  the  leaves  have  been  half  dried  in  the  drying  basket, 
and  while  they  are  still  soft,  they  are  taken  ofl'  the  fire  and  put  into  large  open-worked 
Imskets,  and  then  put  on  the  shelf,  in  order  that  the  tea  may  improve  in  color. 

Next  day  the  leaves  are  all  sorted  into  large,  middling,  and  small ;  sometimes  there 
are  four  sorts.  All  these,  the  Chinese  informed  me,  become  so  many  difi*erent  kinds  of 
teas ;  the  smallest  leaves  they  called  Pha-ho,  the  second,  Pow-chnng,  the  third  Su-chong, 
and  the  fourth,  or  the  largest  leaves,  Toy-chong.  After  this  assortment  they  are  again 
put  on  the  sieve  in  the  drying  basket  (taking  great  care  not  to  mix  the  sorts),  and  on 
the  fire,  as  on  the  preceding  day  ;  but  now  very  little  more  than  will  cover  the  bottom  of 
the  sieve  is  put  in  nt  one  time,  the  same  care  of  the  fire  is  taken  as  before,  tnd  the  same 
precaution  of  tapping  the  drying  basket  every  now  and  then.  The  tea  is  taken  off  the 
fire  with  the  nicest  care,  for  fear  of  any  particle  of  the  tea  falling  into  it.  V/henever 
the  dr]  ing  basket  is  taken  off,  it  is  put  on  the  receiver,  the  sieve  in  the  drying  iNisket 
taken  out,  the  tea  turned  over,  the  sieve  replaced,  the  tap  given,  and  the  basket  i^Iaced 
•gain  over  the  fire.  As  the  tea  becomes  crisp,  it  is  taken  out  and  thrown  into  a  large 
receiving  basket,  until  all  the  quantity  on  hand  has  becoine  alike  dried  and  crisp;  from 
which  basket  it  is  again  removed  into  the  drying  basket,  but  now  in  much  larger 
quantities.  It  is  then  piled  up  eight  and  ten  inches  high  on  the  sieve  in  the  drying 
basket;  in  the  centre  a  small  passage  is  left  for  the  hot  air  to  ascend;  the  fire  that  was 
before  bright  and  clear,  has  now  ashes  thrown  on  it  to  deaden  its  effect,  and  the  shakings 
that  have  been  collected  are  put  on  the  lop  of  all ;  the  tap  is  given,  and  the  basket  with 
the  createst  care  is  put  over  the  fire.  Another  basket  is  placed  over  the  whole,  to  throw 
back  any  heat  that  may  ascend.  Now  and  then  it  is  taken  off,  and  put  on  the  receiver; 
the  hands,  with  the  fingers  wide  apart,  are  run  down  the  sides  of  the  basket  to  the  sieve, 
and  the  tea  gently  turned  over,  the  passage  in  the  centre  again  made,  &,c.,  and  the  basket 
again  placed  on  the  fire.  It  is  from  time  to  time  examined,  and  when  the  leaves  have 
become  so  crisp  that  they  break  by  the  sliehtest  pressure  of  the  fingers,  it  is  taken  off, 
when  the  tea  is  ready.  All  the  different  kinds  of  leaves  underwent  the  same  operation. 
The  tea  is  now  little  by  little  put  into  boxes,  and  first  pressed  down  with  the  hands  and 
then  with  the  feet  (clean  stockings  having  been  previously  put  on). 

I'here  is  a  small  room  inside  of  the  tea-house,  7  cubits  square  and  5  high,  having 
bamboos  laid  across  on  the  top  to  support  a  net-work  of  bamlxM),  and  the  sides  of 
the  room  smeared  with  mud  to  exclude  the  air.  When  there  is  wet  weather,  and  the 
leaves  cannot  be  dried  in  the  sun,  they  are  laid  out  on  the  top  of  this  room,  on  the  net- 
work, on  an  iron  pan,  the  same  as  is  used  to  heat  the  leaves ;  some  fire  is  put  into  it, 
either  of  grass  or  bamboo,  so  that  the  flame  ipay  ascend  high  ;  ihe  pan  is  put  on  a  square 
wooden  frame,  that  has  wooden  rollers  on  its  legs,  and  pushed  round  and  round  this 
Utile  room  by  one  roan,  while  another  feeds  the  fire,  the  leaves  on  the  top  being 
occasionally  turned ;  when  they  are  a  little  withered,  the  fire  is  taken  away,  and  the 
leaves  brought  down  and  manufactured  into  tea,  in  the  same  maanejf'as  if  it  had  been  dried 
in  the  sun.  But  this  is  not  a  good  plan,  and  never  had  recourse  to,  if  it  can  possibly  be 
avoided. 

Tea  imported  into  the  United  Kingdom,  in  1836,  49,307,70|  lbs. ;  in  1837,  36,765,736 
lbs.  Retained  for  home  comsumption,  in  1836, 49,841,507  Ibt. ;  in  1837, 31,8721bs.  Dul^ 
received,  in  1836,  £4,728,600;  in  1837,  £3,319,665. 

TKASEL,  the  head  of  the  thistle  {Dipsaetu\  is  employed  to  raise  the  nap  of  cloth.  See 
Woollen  Manufacture. 

TFETH.     Pee  Bones. 

TET.LURIUM,  is  a  metal,  too  rare  and  hii^h-priced  to  be  used  in  the  arts. 

TERR  A -COTTA,  literally  baked  clay,  is  the  name  given  to  statues,  architectural  deco- 
rations, figures,  vases,  &c.,  modelled  or  cast  in  a  paste  made  of  pi|ie  or  potter's  clay  and  a 
fine-ffrained  colorless  sand,  from  Ryegate,  with  pulverised  potsherds,  slowly  dried  in  theair, 
and  afterwards  fired  to  a  stony  hardness  in  a  proper  kiln.    See  Ftonk,  AimnciAL. 

TERRA  n  SIENA,  is  a  brown  ferruginous  ochre, employed  in  tainting. 

TESTS,  are  chemical  reagents  of  any  kind,  which  indicate,  by  special  characters, 
the  nature  of  any  substance,  simple  or  compound.     See  Assay,  the  several  metal^^ 
acid«.  &e.  V 

TEXTILE  FABRICS.  The  first  business  of  the  weaver  is  to  adapt  those  parts  of 
bis  loom  which  move  the  warp,  to  the  formation  of  the  various  kinds  of  ornamental  fijcuret 
vrh'tch  the  cloth  is  intended  to  exhibit.  This  stibject  is  called  the  drauzht,  drawing  or  reading 
in,  and  the  cording  of  looms.  In  every  species  of  weaving,  whether  direct  or  cross,  the 
wliole  difiercMeor  pettera  or  effeet  it  praduoedy  either  by  Ike  saeceeuoa  ia  whieli  th« 
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threads  of  warp  are  introdaced  iato  the  heddles,  or  hy  the  snecession  in  which  tho«e  heddlos 
are  moved  in  the  working.  The  heddles  being  stretched  between  two  shafts  of  wood,  all 
the  heddles  connected  by  the  same  shafts  are  called  a  leaf;  and  as  the  operation  of  in- 
troducing the  warp  into  any  number  of  leaves  is  called  drawing  a  warp,  the  plan  of  soe- 
cession  is  called  the  draught.  When  this  operation  has  been  performed  correctly,  the  not 
part  of  the  weaver's  business  is  to  connect  the  different  leaves  with  the  levers  or  treddlei 
by  which  they  are  to  be  moved,  so  that  one  or  more  may  be  raised  or  sunk  by  everj 
treddle  successively,  as  may  be  required  to  produce  the  peculiar  pattern.  These  connex- 
ions being  made  by  coupling  the  different  parts  of  the  apparatus  by  eords,  this  opentioa 
is  called  the  cording.  In  order  to  direct  the  operator  in  this  part  of  his  bosiaesi^ 
especially  if  previously  unacquainted  with  the  particular  pattern  upon  which  he  isemployed, 
plans  are  drawn  upon  paper,  specimens  of  which  will  be  found  in  yigj.  1103,  1104,  fcc 

1103  _^ These  plans  are  horizontal  sections  of  a  loom,  tk 

heddles  being  represented  across  the  paper  at  a,  and 
the  treddles  under  them,  and  crossing  them  at  risht 
angles,  at  6.  In  y!gs.  1103  and  1104,  they  are  r^ 
presented  as  if  they  were  distinct  pieces  of  wood, 
those  across  being  the  under  shaft  of  each  leaf  of 
heddles,  and  those  at  the'  left  hand  the  treddlfi. 
See  Weaving.  In  actual  weaving,  the  treddles  are 
placed  at  right  angles  to  the  heddles,  the  sinking 
cords  descending  perpendicularly  as  nearly  as  pos- 
sible to  the  centre  of  the  latter.  Placing  them  at  the 
left  hand,  therefore,  is  only  for  ready  inspection,  tad 
for  practical  convenience.  At  c  a  few  threads  of  warp 
are  shown  as  they  pass  through  the  heddles,  and  (he 
thick  lines  denote  the  leaf  with  which  each  thread  is  connected.  Thus,  in  Jig.  1 103,  tbe 
right-hand  thread,  next  to  a,  passes  through  the  eye  of  a  heddle  upon  the  back  leaf,aiidis 
disconnected  with  all  the  other  leaves;  the  next  thread  passes  through  a  heddle  on  thesecood 
leaf;  the  third,  through  the  third  leaf;  the  fourth,  through  the  fourth  leaf;  and  the  fiAh, 
through  the  fifth  or  front  leaf.  One  set  of  the  draught  being  now  completed,  the  weaver 
recommences  with  the  back  leaf,  and  proceeds  in  the  same  succession  again  to  the  front 
Two  sets  of  the  draught  are  represented  in  this  figure,  and  the  same  succession,  it  if 
understood  by  weavers  (who  seldom  draw  more  than  one  set),  must  be  repeated  until  all 
the  warp  is  included.  When  they  proceed  to  apply  the  cords,  the  right-hand  part  of  tlie 
plan  at  6  serves  as  a  guide.  In  all  the  plans  shown  by  these  figures,  excepting  one  which 
shall  be  noticed,  a  connexion  must  be  formed,  by  cordinsr,  between  every  leaf  of  heddles  and 
every  treddle ;  for  all  the  leaves  must  either  rise  or  sink.  The  raising  motion  is  effected 
by  coupling  the  leaf  to  one  end  of  its  correspondent  top  lever ;  the  other  end  of  this 
lever  is  tied  to  the  long  march  below,  and  this  to  the  treddle.  The  sinking  connexion 
is  carried  directly  from  under  the  leaf  to  the  treddle.  To  direct  a  weaver  which  of 
these  connexions  is  to  be  formed  with  each  treddle,  a  black  spot  is  placed  when  a  leaf  is 
to  be  raised,  where  the  leaf  and  treddle  intersect  each  other  upon  the  plan,  and  the 
sinking  connexions  are  left  blank.  For  example,  to  cord  the  treddle  1,  to  the  back 
leaf,  put  a  raising  cord,  and  to  each  of  the  other  four,  sinking  cords ;  for  the  treddle  2, 
raise  the  second  leaf,  and  sink  the  remaining  four,  and  so  of  the  rest ;  the  spot  always 
denoting  the  leaf  or  leaves  to  be  raised.  The  fif;s,  1103,  and  1104,  are  drawn  for  the 
purpose  of  rendering  the  genera]  principle  of  this  kind  of  plans  familiar  to  those  who 
have  not  been  previously  acquainted  with  them ;  but  those  who  have  been  accustomed 
to  manufacture  and  weave  ornamented  cloths,  never  consume  time  by  representing 
either  heddles  or  treddles  as  solid  or  distinct  bodies.  They  content  themselves  with 
rulins:  a  number  of  lines  across  a  piece  of  paper,  sufficient  to  make  the  intervals  belweea 
these  lines  represent  the  number  of  leaves  required.  Upon  these  intervals,  they  merdr 
mark  the  succession  of  the  draught,  without  producing  every  line  to  resemble  a  thread 
of  warp.  At  the  left  hand,  ihey  draw  as  many  lines  across  the  former  as  will  afford  an 
interval  for  each  treddle ;  and  in  the  squares  produced  by  the  intersections  of  these  lines, 
they  place  the  dots,  spots,  or  ciphers  which  denote  the  raising  cords.  It  is  also  common 
to  coutinue  the  cross  lines  which  denote  the  treddle  a  considerable  lensrth  beyond  the 
intersections,  and  to  mark  by  dots,  placed  diagonally  in  the  intervals,  the  order  or  suc- 
cession in  which  the  treddles  are  to  be  pressed  down  in  weaving.  The  former  of  these 
modes  has  been  adopted  in  the  remain ing^Igs.  to  1 1 12 ;  but  to  save  room,  the  latter  has  been 
avoided,  and  the  succession  marked  by  the  order  of  the  figures  under  the  intervals  whkh 
denote  the  treddles. 

Some  explanation  of  the  various  kinds  of  fanciful  cloths  represented  by  these  plaUy 
may  serve  further  to  illustrate  this  subject,  which  is,  perhaps,  the  most  important  of  aiy 
eoonected  with  the  manufacture  of  cloth,  and  will  also  enable  a  person  who  thonnghly 
itadies  them,  readily  to  acqpure  a  competent  knowledge  of  the  othec  virieties  in  mtviai^ 
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which  are  boundless.  Figs*  1103  and  1104  represent  the  draught  and  cording  of  the 
two  varieties  of  tweeled  cloth  wrought  with  five  leaves  of  heddles.  The  first  is  the  re- 
gular or  run  tweel,  which,  as  every  leaf  rises  in  regular  succession,  while  the  rest  are 
sank,  interweaves  the  warp  and  woof  only  at  every  fiAh  interval,  and  as  the  succession 
is  uniform,  the  cloth,  when  woven,  presents  the  appearance  of  parallel  diagonal  lines,  at 
an  angle  of  about  45®  over  the  whole  surface.  A  tweel  may  have  the  regularity  uf  its 
diagonal  lines  broken  by  applying  the  cording  as  in  Jig,  1104.  It  will  be  observed,  that 
in  both  figures  the  draught  of  the  warp  is  precisely  the  same,  and  that  the  whole  differ- 
ence of  the  two  plans  consists  in  the  order  of  placing  the  spots  denoting  the  raising  cords,, 
the  first  being  regular  and  successiv**,  and  the  second  alternate. 

Figt,  1105  and  1106  are  the  regular  and  broken  twecls  which  may  be  produced  with 
eight  leaves.    This  properly  is  the  tweel  denominated  satin  in  the  silk  manufacture, 

although  many  webs 
of  silk  wrought  with 
only  five  leaves  re- 
ceive that  appella* 
tion.  Some  of  the 
finest  Florentine 
silks  are  tweeled 
with  sixteen  leaves. 

When  the  broken  tweel  of  eisht  leaves  is  used,  the  effect  is  much  superior  to  what 
could  be  produced  by  a  smaller  number;  fur  in  this,  two  leaves  are  passed  in  every  in- 
terval, which  gives  a  much  nearer  resemblance  to  plain  cloth  than  the  others.  For  this 
reason  it  is  preferred  in  weaving  the  finest  damnsks.  The  draught  of  the  eight-leaf 
tweel  differs  in  nothini?  from  the  others,  excepting  in  the  number  of  leaves.  The  differ- 
ence of  the  cording  in  the  broken  tweel,  will  appear  by  inspecting  the  ciphers  which 
mark  the  raisin?  cords,  and  comparing  them  with  those  of  the  broken  tweel  of  five 
leaves.  Fig,  1 107  represents  the  draught  and  conlin?  of  striped  dimity  of  a  tweel  of 
live  leaves.  This  is  the  most  simple  species  of  fanciful  tweelinsr.  It  consists  of  ten 
1 107  leaves,  or  double  the  number  of  the  common  tweel. 

These  ten  leaves  are  moved  by  only  five  treddl(*s,  in 
the  same  manner  as  a  common  tweel.  The  stripe  is 
formed  by  one  set  of  the  leaves  flushing  the  warp^ 
and  the  other  set,  the  woof.  The  fii^ure  represents 
I  1 1  loi  Boi  Licigi  *  Stripe  formed  by  ten  threads,  alternately  drawn 
tiXj  iTj*^  through  each  of  the  two  sets  of  leaves.  In  this  case, 
the  stripe  and  the  intervals  will  be  equally  broad^ 
and  what  is  the  stripe  upon  one  side  of  the  cloth,  will  be  the  interval  upon  the  other, 
and  vice  versa.  But  great  variety  of  patterns  may  be  introduced  by  drawing  the  warp 
in  greater  or  smaller  portions  through  either  set.  The  tweel  is  of  the  res(ular  kina^ 
but  may  be  broken  by  placing  the  cording  as  in  fig,  1104.  It  will  be  observed  that 
the  cording-marks  of  the  lower  or  front  leaves  are  exactly  the  converse  of  the  other 
set;  for  where  a  raisin?  mark  is  placed  upon  one,  it  is  marked  for  sinking  in  the  other { 
that  is  to  say,  the  mark  is  omitted ;  and  all  leaves  which  sink  in  the  one,  are  marked 
for  raising  in  the  other :  thus,  one  thread  rises  in  succession  in  the  back  set,  and 

1108  four  sink;  but  in  the  front  set,  four  rise,  and  only 

one  sinks.  The  woof,  of  course,  passing  over  the 
four  sunk  threads,  and  under  the  raised  one,  in  the 
first  instance,  is  flushed  above;  bat  where  the  re- 
verse takes  place,  as  in  the  second,  it  is  flushed 
below ;  and  thus  the  appearance  of  a  stripe  is  formed. 
The  analogy  subsisting  between  striped  dimity  and 
domock  is  so  great,  that  before  noticing  the  plan  for 
fancy  dimity,  it  may  be  proper  to  allude  to  the  domock,  the  plan  of  which  is  represented 
hjfig,  1 108. 

The  draught  of  domock  is  precisely  the  same  in  every  respect  with  that  of  striped 
dimity.  It  also  consists  of  two  sets  of  tweeling-heddles,  whether  three,  four,  or  five 
leaves  are  used  for  each  set.  The  right  hand  set  of  treddles  is  also  corded  exactly  in  the 
same  way,  as  will  appear  by  comparing  them.  But  as  the  dimity  is  a  continued  stripe 
from  the  beginning  to  the  end  of  the  web,  only  five  treddles  are  required  to  move  tea 
leaves.  The  domock  being  checker-work,  the  weaver  must  possess  the  power  of  re- 
versing this  at  pleasure.  He  therefore  adds  five  more  treddles,  the  cording  of  which  if 
exactly  the  reverse  of  the  former ;  that  is  to  say,  the  back  leaves  in  the  former  casiy 
having  one  leaf  raised,  and  four  sunk,  have,  by  working  with  these  additional  treddles^ 
one  leaf  sunk  and  four  leaves  raised.  The  front  leaves  are  in  the  same  manner  reversed^ 
and  the  moonting  is  complete.  So  long  as  the  weaver  continues  to  work  with  eiUier 
set,  a  stripe  will  be  formed,  as  in  the  dimity ;  bat  when  he  cAnges  his  ftet  from  one  set 
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to  the  other,  the  whole  effect  is  reversed,  aod  the  checken  formed.  Tlic  doraock  ptt. 
tern  upon  the  design-paper,  yi^.  1108,  may  be  thus  explained:  let  ercry  square  of  lie 
design  represent  five  threads  upon  either  set  of  the  hedJles,  which  are  said  by  weavea 
to  be  once  over  the  draught,  supposing  the  tweel  to  be  one  of  five  leaves;  draw  three 
parallel  lines,  as  under,  to  form  two  intervals,  each  representing  one  of  the  seU ;  the 
draught  will  then  be  as  follows : — 


1109 


^ 


m 


^CX. 


•  ■■:■■■       ;.' 

llCll*cifa:rauBu. 


The  above  is  exactly  so  much  of  the  pattern  as  is  there  laid  dovrn,  to  show  its  i^ 
pearance;  but  one  whole  range  of  the  pattern  is  completed  by  the  figure  1.  nearcitto 
the  right  hand  upon  the  lower  internal  between  the  lines,  and  the  remaining  fifnro, 
nearer  to  the  right,  form  the  beginning  of  a  second  range  or  set.  These  are  to  be  re- 
peated in  the  same  way  across  the  whole  warp.  The  lower  interval  represents  the  in 
firont  leaves ;  the  upper  interval,  the  five  back  ones.  The  first  figure  4,  denotes  that  fin 
threads  are  to  be  successively  drawn  upon  the  back  leaves,  and  this  operation  repeatd 
four  times.  The  first  figure  4,  in  the  lower  interval,  expresses  that  the  same  b  to  fee 
done  upon  the  front  leaves ;  and  each  figure,  by  its  diagonal  position,  shows  how  oAo, 
and  in  what  succession,  five  threads  are  to  be  drawn  upon  the  leaves  which  the  iatenal 
in  which  it  is  placed  represents. 

Bomocks  of  more  extensive  patterns  are  sometimes  woven  with  3,  4,  5,  and  eves  € 
sets  of  leaves;  but  aAer  the  leaves  exceed  15  in  number,  they  both  occupy  an  iaeos- 
yenient  space,  and  are  very  unwieldy  to  work.  For  these  reasons  the  diaper  hameMii 
in  almost  every  instance  preferred. 

Fig.  1109  represents  the  draught  and  cording  of  a  fanciful  species  of  dimity,  ii 
which    it    will  be  observed  that  the  warp  is  not    drawn    directly   from   the   btd 

to  the  front  leaf,  as  in  the  former  examples;  bit 
when  it  has  arrived  at  either  external  leaf,  the  dnsckt 
is  reversed,  and  returns  gradually  to  the  other.  The 
same  draught  is  frequently  used  in  tweeliog,  wbes  it 
is  wished  that  the  diagonal  lines  should  appear  spoa 
the  cloth  in  a  zigza?  direction.  This  plan  exhibiti 
the  draught  and  cording  which  will  produce  the  pal- 
tern  upon  the  design-paper  in  Jig.  1 103,  a.  Were  til 
the  squares  produced  by  the  intersection  of  the  lines  denoting  the  leaves  and  treddki 
where  the  raised  dots  are  placed,  filled  the  same  as  on  the  design,  they  would  prodace 
the  effect  of  exactly  one  fourth  of  that  pattern.  This  is  caused  by  the  reversing  of  tbe 
draught,  which  gives  the  other  side  reversed  as  on  the  design ;  and  when  all  the  trcddki, 
iVom  1  to  16,  have  been  successively  used  in  the  working,  one  half  of  the  pattern  will 
become  complete.  The  weaver  then  goes  a?ain  over  his  treddles,  in  the  reversed  order 
of  the  numbers,  from  17  to  30,  when  the  other  half  of  the  pattern  will  be  completed. 
From  this  similarity  of  the  cording  to  the  design,  it  is  easy,  when  a  design  is  given,  lo 
make  out  the  draught  and  cording  proper  to  work  it ;  and  when  the  cording  is  given,  to 
see  its  effect  upon  the  design. 

Fig.  1110  represents  the  draught  of  the  diaper  mountinp,  and  the  cording  of  the  froot 
1110  leaves,  which  are  moved  by  treddles.     From  the  pits, 

it  will  appear  that  5  threads  are  included  in  every 
mail  of  the  harness,  and  that  these  are  drawn  ii 
single  threads  through  the  front  leaves.  The  cordiif 
forms  an  exception  to  the  general  rules,  that  when  one 
or  more  leaves  are  raised,  all  the  rest  must  be  sank; 
for  in  this  instance,  one  leaf  rises,  one  sinks,  and  three 
remain  stationary.  An  additional  mark,  therefore,  is  used  in  this  plan.  The  do(s,ii 
formerly,  denote  raising  cords ;  the  blanks,  sinking  cords ;  and  where  the  cord  is  to  be 
totally  omitted,  the  cross  marks  X  are  placed. 

Fig.  1111  is  the  draught  and  cording  of  a  spot  whose  two  sides  are  similar,  hot  re- 
versed. That  upon  the  plan  forms  a  diamond,  similar  to  the  one  drawn  upon  the  de> 
sign  paper  in  the  diagram,  but  smaller  in  size.  The  draught  here  is  reversed,  as  in  tht 
dimity  plan,  and  the  treading  is  also  to  be  reversed,  after  arriving  at  6,  to  complete  the 
diamond.  Like  it,  too,  the  raising  marks  form  one  fourth  of  the  pattern.  In  weaviag 
spots,  they  are  commonly  placed  at  intervals,  with  a  portion  of  plain  cloth  between 
them,  and  in  alternate  rows,  the  spots  of  one  row  being  between  those  of  the 
other.  But  as  intervals  of  plain  cloth  must  take  place,  both  by  the  warp  and  woof,  two 
leaves  are  added  for  that  purpose.  The  front,  or  ground  leaf,  includes  every  second 
thread  of  the  whole  waif;  the  second,  or  plain  leaf,  that  part  which  forms  the  inter- 
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Tmls  by  the  warp.    The  remaining  leaves  form  the  spots ;  the  first  six  being  allotted  to 
one  row  of  S|>ots,  and  ihe  second  six  tu  the  next  row ;  where  each  spot  is  in  the  centre  be- 
]]ll  tween  the  former.    The  reversed  draught  of  the  first 

rErrr-r-i     is  shown  entire,  aad  is  succeeded  bj  12  threads  of 
plain.    One  half  of  the  draught  of  the  next  row  u 
then  given,  which  is  to  be  completed  exactly  like  the 
first,  and   succeeded  by  12  threads  more  of  plain; 
wlien,  one  set  of  the  pattern  being  finished,  the  same 
succession  is  to  be  repeated  over  tJie  whole  warp. 
As  spots  are  formed  by  inserting  woof  of  coarser 
dimensions  than  that  which  forms  the  fabric,  every  second  thread  only  is  allotted  for  tbe 
spotlinsr.    Those  included  in  the  front,  or  ground  leaf,  are  represented  by  liaes,  and  the 
•pot  threads  between  them,  by  marks  in  the  intervals,  as  in  the  other  plans. 

The  treddles  necessary  to  work  this  spot  are,  ia  number,  14.  Of  these,  the  two  in  the 
centre  a,  6,  when  pressed  alternately,  will  produce  plain  cloth  ;  for  6  raises  the  front  leaf, 
which  includes  half  of  the  warp,  and  sinks  all  the  rest;  while  a  exactly  reverses  the  opera- 
tion. The  spot-treddlen  on  the  right  hand  work  the 
row  contain^  in  the  first  six-spot  leaves ;  and  those 
upon  the  left  hand,  the  roa'  contained  in  the  second 
six.  In  working  spots,  one  thread,  or  shot  of  spotting- 
woof,  and  two  of  plain,  are  successively  inserted,  by 
means  of  two  separate  shuttles. 
Dissimilar  spots,  are  those  whose  sides  are  quite 
different  from  each  other.  The  draught  only  of  these  is  represented  by  fig.  1112. 
The  cordins  depends  entirely  upon  the  figure. 

Fig.  1113  represents  any  solid  body  compq^  of  parts  latlud  together.  If  the 
daricened  squares  be  supposed  to  be  beams  of  wood,  connected  by  cordage,  they  will 
give  a  preci<>e  idea  of  textile  fabric.  The  beams  cannot  come  into  actual  contact, 
becaiifse,  if  the  lathing  cords  were  as  fine  even  as  human  hairs,  they  must  still  require 

1113  space.      The    thickness    is    that   of  one 

beam  and  one  cord ;  but  if .  the  conk 
touch  each  other,  it  may  then  be  one 
beam  and  two  cords;  but  it  is  not 
possible  in  praclicnl  weaving  to  bring  every  thread  of  weft  into  actual  contact.  It 
fliuiy  ihei'eibre  be  a.«$timed,  that  the  thickness  is  equal  to  the  diameter  of  one  thread  of 
Che  warp,  added  to  tHnt  of  one  yarn  of  the  weft ;  and  when  these  are  equal,  the  thick- 

]  ]  ]4  ness  of  the  cloth  is  double  of  that  diame- 

ter.    Denser  cloth  would  not  be  sufil- 
ciently  pliant  or  flexible. 
Fig,  1 1 14  is  a  representation  of  a  see- 
tiun  of  cluth  of  an  open  fabric,  where  the  round  dots  which  represent  the  warp  are  placed 
at  a  considerable  di^ttance  from  each  other. 

Fig,  1115  may  be  supposed  a  plain  fabric  of  that  description  which  approaches  the 
most  nearly  to  any  idea  we  can  form  of  the  most  dense  or  close  contact  of  which  yam 
can  be  made  susceptible.     Here  the  warp  is  supposed  to  be  so  tightly  stretched  in 

1115  the  loom    as  to  retain  entirely  the 

parallel  state,  without  any  curvature, 
and  the  whole  flexure  is  therefore 
given  to  the  woof.  This  mode  of 
weaving  can  never  really  exist ;  but  if  the  warp  be  sufficiently  strong  to  bear  any  tight 
stretching,  and  the  woof  be  spun  very  soA  and  flexible,  something  very  near  it  may  be 
produced.  This  way  of  making  cloth  is  well  fitted  for  those  goods  which  require  to 
give  considerable  warmth;  but  they  are  sometimes  the  means  of  very  gioss  fraud  ttul 
imiHisiiion;  for  if  the  warp  is  made  of  very  slender  threads,  and  the  woof  of  slackly 
twisted  cotton  or  woollen  yam,  where  the  fibrils  of  the  stuff,  being  but  slightly  brought 
into  contact,  are  rough  and  oozy,  a  great  appearance  of  thickness  and  strength  may  he 
given  to  the  eye,  when  the  cloth  is  absolutely  so  flimsy,  that  it  may  be  torn  asunder  as 
easily  as  a  sheet  of  wiiting-pa|>er.     Many  frauds  of  this  kind  are  practised. 

Inyig.  1 116  is  given  a  representation  of  the  position  of  a  fabric  of  cloth  in  section,  as 
it  is  in  the  loom  before  the  warp  has  been  closed  upon  the  woof,  which  still  appears  as  « 

1116  straight  line.     This  figure    may  nse- 

f  fully  illustrate  the  direction  and  ntio 

of  contraction  which  must  unavoidably 
take  place  in  every  kind  of  cloth,  ac- 
IS  **  cording  to  the  density  of  the  texture, 

Ihe  dimensions  of  the  threads,  and  the  description  of  the  cloth.     Let  a,  d,  represent  one 
thread  of  woof  completely  stretched  by  the  velocity  of  thiUhuttle  in  pessiag  between 
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the  threads  of  warp  which  are  represented  by  the  roand  dots  1,  t,  fcc^  and  thait 
distlDguished  by  8,  9,  &c.  When  these  threads  are  dosed  by  the  operation  of  Ihi 
heddles  to  form  the  inner  texture,  the  first  tendency  will  be  to  more  in  the  direttioa 
1, 6,  2,  b,  iLC.,  for  those  above,  and  in  that  of  8  a,  9  a,  Jte.,  for  thoae  below ;  but  tke 
contraction  for  a,  b,  by  its  deviation  from  a  straight  to  a  caryed  line,  in  coaseqocace 
of  the  compression  of  the  warp  threads  I  b,2  b,  &c..  and  1  a,  2  a,  Ite.,  in  clocinfr,  wifl 
produce,  by  the  action  of  the  two  powers  at  right  angles  to  each  other,  the  ofaliqoe  cr 
diagonal  direction  denoted  by  the  lines  1,  8—2,  9,  to  the  left,  fi>r  the  threads  abofc^ 
and  that  expre$se<l  by  the  lines  2,  8—3,  9,  &c.,  to  the  right,  lor  the  threads  belov. 
Now,  as  the  whole  deviation  is  produced  by  the  flexure  of  the  thread  a,  a,  if  a  is  sap. 
posed  to  be  placed  at  the  middle  of  the  cloth,  equidistant  from  the  two  extremities, sr 
selvages,  as  they  are  called  by  weavers,  the  thread  at  1  may  be  sapposeil  to  move  rcallf 
in  the  direction  1  6,  and  all  the  others  to  approach  to  it  in  the  directions  represealc^ 
whilst  those  to  the  right  would  approach  in  the  same  ratio,  bat  the  line  of  nppraxian- 

1117  tion  would  be  inrerted.      lig.  1U7 

1^  amir  I  ai  ff^iig  iT-  (f!^ff!fBr\Mi1S^MMhm     represents  that  common  fabiic  «ri 

WiPwq^l^B^NBPIi^BPlNBIlWB  for  lawns,  muslins,  and  the  middle 
kind  of  goiKls,  the  excellence  of  which  neither  consists  in  the  greatest  strength,  nor  ii 
the  i^reatest  transparency.     It  is  entirely  a  medium  between >!g.  1114  andyS^.  1115. 

In  the  efforts  to  sive  great  strength  and  thickness  to  cloth,  it  will  be  oivions  that  Ike 
common  mode  of  weavinir,  by  constant  intersection  of  warp  and  w<N>f,  although  it  my 
be  perhaps  the  best  which  cnn  be  devi^^ed  for  the  former,  presents  invincible  obstnw- 
lions  to  the  latter,  beyond  a  certain  limit.  1  o  remedy  this,  two  modes  of  weaving  are 
in  common  use,  which,  while  they  add  to  the  power  of  compressing  a  great  quantity  of 
materials  in  a  small  compass,  possess  the  additional  advantage  of  aifording  much  facility 
for  adding  ornament  to  the  superficies  of  the  fabric.  The  first  of  these  is  doable  doll, 
or  two  webs  woven  to{?ether,  and  joined  by  the  operation.     This  is  chiefly  used  fir 

1118  carpets;    and    its    geometrical   pris- 

■-^^^^  ■■" '"t^^j,  ,-J  ■■■    ^^^,^,pj     ciples  are  entirely  the  same  as  tiKM 

of  plain   cloth,  supposing    the  weks 
to  be  sewed  together.    A  section  of  the  cloth  will  be  found  inySg.  11 18.     Sec  CAarar. 

Of  the  simplest  kind  of  tweeled  fabrics,  a  section  is  given  in  Jig,  1119. 

The  great  and  prominent  advantage  of  the  tweeletl  fabric,  in  point  of  texiare,  ariiet 
from  the  facility  with  which  -a  very  great  quantity  of  materials  may  be  pot  closely  lo- 

geiher.    In  the  figure,  the  warp  is 
represented  by  the  dots  in  the  mae 


,^  ...  'J:l   //       \^  ,y-'  straight  line  as  in  the  plain  fabrics; 

'^j/     10       -y  ' '•'  but  if  we  conskler  the  direction  and 

^^  J    lllJ       c  d  rario  of  contraction,  upon  priadples 

similar  to  those  laid  down  in  the  explanation  civen  of  Jig,  1116,  we  shall  readily  discover 
the  very  different  way  in  which  the  tweeled  fabiic  is  afl'ected. 

When  the  dotted  lines  are  drawn  at  Oy  6,  r,  rf,  iheir  direction  of  contraction,  instead 
of  beine  upon  every  second  or  alternate  thread,  is  only  upon  every  fifth  thread,  and 
the  natural  tendency  would  consequently  be,  to  bring  the  whole  into  the  form  repit^ 
sented  by  the  lines  and  dotted  circles  at  a,  b,  c,  d.  In  point,  then,  of  thickness,  frt» 
the  upper  to  the  under  superficies,  it  is  evident  that  the  whole  fabric  has  increased  is 
the  ratio  of  nearly  three  to  one.  On  the  other  hand,  it  will  appear,  that  four  threads 
or  cylinders  being  thus  put  together  in  one  solid  mass,  might  be  supposed  only  one 
thread,  or  like  the  strands  of  a  ro|)e  before  it  i$  twisted ;  but,  to  remedy  this,  the  thread 
being  shifted  every  time,  the  whole  forms  a  bf)dy  in  which  much  agirregate  matter  is 
compressed;  but  where,  being  less  firmly  united,  the  accession  of  strength  acquired  by  the 
accumulation  of  materials  is  partially  counteracted  by  the  waat  of  equal  firmness  of 
joDction. 

The  second  quality  of  the  tweeled  fabric,  susceptibility  of  receiving  oniamemiy  arises 

1120  fiom  its  capability  of  being  inverted  it 

tMSi^S  P^^'^"''^>  ^^  ^^  M'  1 120*  in  this  figure 
^M^^m  we  have,  as  before,  four  threads,  and  ose 
alternately  intersected;  but  here  tke 
four  threads  marked  1  and  2  are  under  the  woof,  while  those  marked  3  and  4  aic 
•hove. 

Fig,  1121  represents  that  kind  of  tweeled  work  which  produces  an  ornamental  efiect, 
and  adds  even  to  the  strength  of  a  fabric,  in  so  far  as  accumulation  of  matter  can  b* 

1121  considered  in  that  light.     The  figore 

represents  a  piece  of  velvet  cat  ia 
section,  and  of  that  kind  which,  be- 
-  -  ing  woven  upon  a  tweeled  grouad, 

tt  known  by  the  name  of  #enoa  velvet.     Ist.  Because,  by  combiniog  a  great  qoantiiy 
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ial  in  a  small  compass,  they  afTord  great  warmth.  2d.  From  the  great  resist- 
ch  they  oppose  to  external  friction,  they  are  very  durable.  And  3d.  Becauae, 
very  nature  of  the  texture,  they  aflbrd  the  finest  means  of  rich  ornamental  deeo- 

(e  of  velvet  cloths  in  cold  weather  is  a  safficient  proof  of  the  truth  of  the  firat. 
ufacture  of  plush,  corduroy,  and  other  siutfs  fur  the  dress  of  those  exposed  to  the 
,  of  laborious  employment,  evinces  the  second ;  and  the  ornamented  velvets  and 
Eirpeting  are  demonstrative  of  the  third  uf  these  positions, 
figure,  the  diagonal  form  which  both  the  warp  and  woof  of  cloth  assume,  is  very 
from  the  smallness  of  the  scale.  Besides  what  this  adds  to  the  strength  of  the 
I  flushed  part,  which  appears  interwoven  at  the  darkly  shaded  interval?,  1, 2,  dtc., 
hen  finished,  the  whole  covering  or  upper  surface.  The  principle,  in  so  far  as 
exture,  is  entirely  the  same  as  any  other  tweeled  fabric. 

122,  which  represents  corduroy,  or  king's  cord,  is  merely  striped  velvet.    The 

is  the  same,  and  the  figure  shows  that  the  one  is  a  copy  of  the  other.    The  re- 

1122  maining  figures  represent  those  kinds  of 

wurk  which  are  of  the  most  flimsy  and 
open  description  of  texture;  those  in 
which  neither  strength,  warmth,  nor  do- 
rability  is  much  required,  and  of  which 
and  transparency  are  the  chief  recommendations. 

123  represents  common  gauze,  or  linau,  a  substance  very  much  used  for  various 
The  essential  diflerence  between  this  description  6f  cloth  and  all  others,  con- 

.  .23  sists  in  the  warp  being  turned  or  twisted 

■stv^-_***^_>s5fe^..^iss5sv_.«s=few  ,„.  like  a  rope  during  the  operation  of  weav- 

P^^ps^^c<^^o^^e^^^  in^^  ^nd  h^nce  it  bears  a  considerable 

analogy  to  lace.  The  twining  of  gauze  is 
Qued  in  the  same  direction,  but  is  alternately  from  right  to  leA,  and  vice  ver$dy 
every  intersection  of  the  woof.  The  fabric  of  gauze  is  always  open,  flimsy,  and 
nt;  but,  from  the  turning  of  tlie  warp,  it  possesses  au  uncommon  degree  of 
and  tenacity  in  proportion  to  the  quantity  of  material  which  it  contaii^.  This 
ogether  with  the  transparency  of  the  fabric,  renders  it  peculiarly  adapted  for  or- 
purposes  of  various  kinds,  particularly  for  flowering  or  figuring,  either  in  the 
by  the  needle.  In  the  warp  of  gauze,  there  arises  a  much  greater  degree  of 
9n  during  the  weaving,  than  in  any  other  species  of  cloth ;  and  this  is  produced 
rning.  The  twisting  between  every  intersection  of  weA  anrraunts  precisely  to  one 
revolution  of  both  threads }  hence  this  diflerence  exists  between  this  and  every 
}  124  other  species  of  weavinff,  namely,  that  the  one 

^^^^^^^^^^^  thread  of  warp  is  always  above  the  woof,  and 
'=^^^^^*®^^^^*^*'^^*^S=  the  contiguous  thread  is  always  below. 

124  represents  a  section  of  another  species  of  twisted  cloth,  which  is  known  by 
'  of  catgut,  and  which  diflers  from  the  gauze  only  by  being  subjected  to  a  greater 
'  twine  in  weaving;  for  in  place  of  one  revolution  between  each  intersection,  t 
[1  and  a  hnlf  is  always  given;  and  thus  the  warp  is  alternately  above  and  beloWy 
er  kinds  of  weaving. 

125  is  a  superficial  representation  of  the  most  simple  kind  of  ornamental  net-work 
in  the  loom.    It  is  called  a  whip-net  by  weavers,  who  use  the  term  whip  for 


1125 


any  substance  interwoven  in  cloth  for 
ornamental  purposes,  when  it  is  dis- 
tinct from  the  ground  of  the  fabric. 
In  this,  the  diri*erence  is  merely  in 
the  crossing  of  the  warp;  for  it  is 
very  evident  that  the  crossinzs  at  1, 
2,  3,  4,  and  5,  are  of  diflerent  threads 
from  those  at  6,  7,  8,  and  9. 
126  represents,  superficially,  what  is  called  the  mail-net,  and  is  merely  a  combi- 
common  gauze  and  the  whip-net  in  the  same  fabric.    The  gauze  here  being  in 

the  same  direction  as  the  dotted  line  in 
the  former  figure,  the  whole  fabric  is  evi- 
dently a  continued  succession  of  right- 
anglH  triangles,  .of  which  the  woof  forms 
the  basis,  the  gauze  part  the  perpendieo- 
lars,  and  the  whip  part  the  hypo(«> 
nuses.  The  contraction  here  being  very 
diflerent,  it  is  necessary  that  the  gaoM 
parts  shonhl  be  stretched  upon  separate  beams. 
ir  to  design  ornamental  figures  npon  eloths,  the  lines  lAich  are  drawn  from  Um 
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up  to  the  bnllnin  ofllie  piper  latj  be  nippoied  (o  reprevrat  Ike  VBn>;  u>d  Ihoiedim 
•erosii,  ll>c  woof  oTlhe  wt-b;  anr  aamber  ol'lhread*  being  tapiXMed  lo  be  incladH  ht 
Iveen  every  two  tine>.  Tbe  paper  thui  fuims  ■  double  scale,  b;  wbich,  in  ibe  Inl 
insunce,  the  nize  and  form  of  the  pallrm  may  be  delermined  wilh  grtal  prcci*ta 
the  whoJe  iiibtequeiil  optralion*  of  Ihe  weaver  regulated,  both  in  movnliog  and  wntiif 
bit  loom.  To  enable  ihe  pnijeclorofa  nen  pallern  to  judie  properlf  ofiu  cfleeu,  vr 
traitsTerred  Troni  llie  paper  lo  the  eloih,  il  wilt  be  esrenliaMj  neeecfarr  that  he  ib 
bear  coD»tnntly  in  ]ii>  view  the  comparalire  tcale  of  manilsde  which  tbe  dcMfn  will  tat 
ia  each,  reEulaltni!  his  iilea!  alwajs  by  (qiinre  or  superficial  meataiviiH-nt.  Thar,  iaik 
Urge  design,  fig.  1 127,  represeniins  >  bird  perched  apoa  the  branch  of  a  tree,  ii  «1 
]I27  be  proper,  in  the  iia 

—  place,     to    eooBt   Ik 

number  of  ipaatrna 
tbe  point  of  Ike  bilH 
Ihe  cilremit;  of  Itt 
tail  i  and  to  mder  llii 


■7  teatb  line  iadran 

conFidt-rablf      boUs 

tbaa  Ihe  oikerf.  TUt 

number  in  ibe  ienf 

I  i*  135  vpacev.   Co**- 

afnin,   ftDm  Uk 

1  of  the  biasAlg 

the  ujipei  I  an  ul'  the  biid't  head,  he  will  End  16  upaeei.  Betirern  these  spaces,  ilvn 
fore,  Ihe  wlioJe  supcrlifial  meafuie  oflhc  pallern  ii  conlained.  By  Ibe  measure  of  iIk 
paper,  lliie  may  be  rasily  tried  with  a  pair  of  comparaes,  aad  will  be  foood  lo  be  amir 
S^j^  ineheti  in  length,  by  3^*  inches  in  bieadth,  Mow,  if  thii  is  lo  be  woven  in  a  red 
containing  800  inlervalu  in  37  inchp?,  and  if  CTery  inlerral  contains  fire  Ihread%  h^ 
posed  li^be  conlained  between  evet^'  two  parallel  lines,  Ihe  length  will  be  6  24  inrh[«,ad 
the  breadth  3-62  inches  ni-aily ;  so  (hal  the  fixui-e  upon  the  cloth  would  be  \trj  arttlj  d 
the  same  dlmensiont  as  thai  upon  Ihe  piperi  but  ir  *  I2U0  reed  were  Dsed,  instead  ofu 
800,  the  dimensions  would  be  proporlionxlly  conlraclrd. 

A  correct  idea  being  formed  of  Ihe  dcsien,  Ihe  wearer  may  proceed  lo  inoDnl  hii  !«■ 
BCcirdinR  lo  the  pnltern  ;  and  Ibis  i«  done  by  Iwn  persons,  one  of  whom  lakes  frua  ibc 
dnicn  thp  inelrufllons  necessary  pir  IheolhiT  In  Tollow  in  lying  his  cordf. 

Fig.  1 128  i5  a  representation  <if  the  most  sinjile  s|icci(s  of  table-linen,  which  is  mmJy 
||0H  an  imitation  of  ebHta- 

actiire  ii  chiefly  ptic- 
I  lised,  by  Ihe  name  </ 
'  Dornock.  W  hea  ■  (■!■ 
tern  is  formed  upon  Iweeled  cloth,  by  reversing  ihe  flushing,  the  iwa  sides  of  the  libra 
being  dissimilar,  one  may  be  supposed  in  be'  represented  by  (lie  black  marks,  sodik 
«her  by  ihe  part  of  Ihe  fignre  which  is  lefl  uncolored.  For  such  a  pallern  as  this,  ia« 
aeu  of  common  I  weel-h  eddies,  moved  in  the  ordinary  way,  by  a  double  guecession  ofM- 
dles,  are  mlllcient.  The  other  pan  of  ^g.  1128,  is  a  design  of  Ihst  intemiediate  kind  of 
ornamental  woik  which  is  called  diaper,  and  which  partakes  partly  of  the  nature  vflkt 
domock,  and  partly  of  that  of  the  damask  and  tapestry.    The  principle  upon  whick  ill 


these  descriptions  of  goods  ai 
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atirety  Ihe 


ne,  and  the 


loe  Client  orthednigt, 
and  Ihe  means  bvihich 
it  is  executed."  Fif. 
1139  is  a  design  fori 
border  of  a  hindker- 
(hief  or  napkin,  ahitt 
may  be  expcnled  eilblf 
in  the  manner  ■/  da. 
misk,  or  an  the  spotlisf 
is  practised  in  tbe  li|hi- 
er  fabric*. 


dilMiai  il  wilh  waler,  Ad  filleriog,  to  lepataie  aonw  MMsiate  of  inn,  whid  aiiaUy 
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preeiriUln.  The  clear  liquor  is  to  be  poured  inio  a  solnlinn  ofphnsphale  or  hhIb, 'whence 
ma  iiiMiliible  ph<>s|>hale  of  cobalt  rails.  This  beiuE  well  waslied,  ii  lo  be  InllmHtely  mixed 
in  il^Will  <lnre  wilb  eiuhl  lime*  iLs  wcizht  orwell-wubed  ftelaiinoiu  alumina,  wliich  has 
leen  ublnined  by  pouiin;  a  solulion  of  alam  inio  water  ofammonia  in  eieew.  The  ani- 
fotml;  Culured  r><te  is  to  be  ipread  upon  plalee,  dried  in  a  staie,  Iben  bruited  dry  in  a 
tnorlnr,  enclu»ei]  in  a  crucible,  and  tubjecled  lo  a  ehrrrj-red  beat  Tor  balf  an  hour.  On 
takiiiic  uul  ihe  crucible,  and  leliing  ii  cool,  the  fine  blue  pigment  ta  to  be  remoTed  into  a 
bollle,  whicli  is  to  be  slopped  till  ured. 

Tbe  aiseiiiale  of  cobalt  may  be  aubtlitulcd,  in  the  above  proceo,  Tor  Ihe  phosphate,  bat 
it  ma«l  be  mixed  with  sixteen  limra  its  weiihl  ur  tbe  washed  gelalinous  alumina.  The 
krfeniate  is  procured  by  pourin(t  tbe  dilute  niirnte  if  cobalt  into  a  lolnlion  ofaneniateof 
potasta.  ir  njirale  of  cobalt  be  mixed  wilh  Ihe  ntumiua,  and  the  mixlure  be  treated  at 
abore  described,  a  blue  pitimeni  will  alto  be  oblained,  but  paler  than  tbe  preceding, 
•hi'winz  ibal  Ihe  color  coniisU  es^enlially  or  alumina  alained  wilb  oifde  of  cobalt. 

THERMOMETER,  lignifiei  the  meaiurc  of  heal.   lu  description  belongs  to  ■  trentiie 

THKRMOSTAT,  is  the  name  of  an  appanilns  for  retrulatin;  lemperatnre,  in  vapori- 
talton,  di«lill*tian,  healinR  balhs  or  hot-houses,  and  Tcnlilalins  aparlmenli,  ke.;  bf 
which  1  obtnincd  a  patent  in  the  year  IS3I.  It  operates  upon  the  pbfsical  principle,  that 
when  two  thin  metallic  bars  of  ditfereni  expansibiliiies  are  riveted  or  soldered  fneeviae 
togelher,  an)  change  oT  temperature  in  them  will  cause  a  sensible  moTement  of  flexure 
in  ibe  conip"und  bnr,  to  one  side  or  otheri  which  movement  may  be  made  lo  operale,  by 
Ihe  inltrvpnlion  iif  levers,  &«.,  in  any  desired  desn'ee,  upon  valves,  stop-cocks,  slove-re- 
Itisleis,  air- ventilators,  kc;  so  as  to  regulate  the  lemperBlore  of  the  media  in  which  the 
•aid  cum  pound  bars  are  placed.  Two  lonft  rulers,  one  of  steel,  and  one  of  ban]  bamowred 
brass,  riveted  logether,  answer  very  well ;  the  object  being  not  simply  to  ndlcaft,  but  U 
eentni  or  tnoili/y  temperature.  I'he  following  diagrami  will  illustrate  a  few  odI  of  the 
DomerouB  applicaiions  of  ihis  instrument : — 

Fir.  1 130,  a,  b,  is  a  single  Ihermostalie  bar,  consisting  of  two  or  more  bar*  or  rulen 
ofdiffeiently  expansible  solids  (of  which,  in  ceriiin  cases,  vrood  may  be  one)  :  these  bar* 
or  rulers  are  firmly  riveted  or  soldered  loicther, 
1130  face  lo  face.     One  end  of  Ihe  compound   bar  ii 

fixed  by  bolls  at  a,  to  the  interior  of  the  contain- 
ing ciileru.  boiler,  or  apartment,  a,  I,  nt,  6,  where- 
of tbe  temperature  has  to  be  reealolni,  and  the 
other  end  of  Ibe  compound  bar  at  b,  is  left  free  to 
move  down  towards  c,  by  the  fleiaip  which  will 
take  place  when  ita  temperalnre  is  raised. 

The  end  b,  a  eonnected  by  a  link,  b,  d,  with  a 
lever  d,  t,  which  is  moved  by  the  flexure  into  the 
dolled  position  b,  g,  causing  the  tnmiog-valve, 

corresponding  aniular  molion,  whereby  Ibe  lever 
will  raise  the  equipoised  slide-damper  k,  i,  which 
is  suspended  by  a  link  from  the  end  (,  of  the  lever 
t,  d,  into  the  position  k,  h.  Thus  a  hot-honse  or 
a  walcr-bath  may  have  its  temperature  regulated 
by  the  contempormneous  admisaiou  of  wann,  and 
discharge  of  cokl  air,  or  water. 

Fig.  1131,  a,  A,  c,  is  a  thermoatatic  hoop,  im- 
mened  horiionlally  beneath  the  anrftce  of  the 
water-bath  of  •  itill.  The  hoop  is  fixed  at  o,  and 
the  two  ends  t,  c,  are  connected  by  two  links  b,  d, 
e,  d,  wilh  a  straight  sliding  rod  d,  il,  to  which  the 
hoop  will  give  an  endwise  molion,  wheo  its  tem- 
perature is  altered;  e,  is  an  adjasling  screw-nni 
on  the  rod  J,  *,  for  selling  the  lever/,  g,  which  is  fixed  on  the  axis  of  rhe  luraing-valve 
or  Ci«k/,  at  any  desired  position,  so  that  tbe  valve  may  be  opened  or  sbol  at  any  desired 
lemperaliire,  correspondiun  to  the  widening  of  the  poinli  b,  e,  and  Ihe  consentaneous  re- 
traclinn  of  Ihe  point  rf,  towards  the  circumference  o,  b,  c,  of  the  hoop,  g,  A,  is  an  are  gra. 
daated  by  a  ihermomelet,  after  Ihe  screw-piece  (  bu  been  adjusted.  Through  a  hole  at 
k,  the  giiide-rod  passes,  i,  is  tbe  cold- water  cislcm ;  i,f,k,  the  pipe  to  admit  ei^  water; 
I,  Ihe  overflnw  pipe,  at  which  the  excess  of  hot  water  roni  off. 

Fig.  1133  shows  a  pair  of  ihermosUlic  ban,  boiled  fast  tocelber  at  Ihe  ends  a.  Thefree 
end*  i,  f,  are  of  unequal  length,  so  as  to  act  by  the  cross  links  d,f,  on  the  tIop.«ock  *, 
The  links  are  jmaled  lu  the  handle  of  the  loininf  plof  €f  the  |pck,  oa  oppoaile  lidci  «f 
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of  Ihe  tu 


Id  centre;  vherebr  tbX  pin;  will  be  turned  roand  in  proportioQ  lo  the  widenini  of  It 
poinls  b,  (.     k,  i,  it  Ihe  pipe  romniiinicaliiig  wilh  tbe  Mop-cock. 

SufipoK  thai  Ibr  crruin  purpose*  in  pharinae)r,  dyeinft,  or  anf  oUier  cbemkal  tl\,t 
wmler.baih  i>  required  lo  be  miinlained  steadilT  11  ■  tempenlorc  aC  ISO^F.;  Id  Ik 
CMnbineil  (taeroKisUtie  bais,  hinged  logelher  at  ',/,  fis-  1133,  be  plkced  in  the  faalk,t» 
, ...  tveen  the  ouler  and  inner  vesaela  a,  i^  t,i, 

"  btins:  boiled  faxt  lo  the  inner  vend  il|j 

and  have  their  iliding  rod  Jc,  coflDKlcdl)i 
link  with  a  Irver  filed  upon  tbe  taniu{)^ 
at  the  slop-cock  i,  which  iDtrodnca  aU 
water  from  a  cistern  m,  Ikrongh  a  p^  u, 
.  .  u  the  bottom  pvt  of  the  balk.  Tlr 
^  lenitlh  of  the  link  moat  be  so  ndjnMed  Ha 
llie  fleiure  of  the  ban,  when  ther  >it  tf  > 
lemperatare  of  ]50°,  will  open  the  nudn^ 
cotk,  and  admit  cold  water  to  pui  ialaAi 
botlom  of  the  hath  through  the  pipe^^ 
whereb;  hot  water  will  be  diiplaent  U  Ik 
lop  of  the  bath  IhrouiEh  an  open  ciulig 
pipe  at  ;.  An  oil  bath  may  be  ncabldN 
the  nme  plan;  the  hot  oil  o*erflowiB|[ Can 
q,  into  a  refri)teratorT  worm,  from  whkt  i 
mar  be  restored  to  the  cisterti  m.  Wba  ■ 
water  bath  is  healed  bj  the  distribntioa  tfi 
B,  it  will  be  necesaary  to  connect  Ihe  link  «fttt 
rniuii  plu;  orthe  Meam-cock,  or  of  the  tkndk 
snier  thai  lh«  bars,  by  their  fleiure,  maj  ihut  or  open  the  steam  pasip 
Bcconlint  as  the  teinperalure  of  Ihe  water  in  the  bath  shall  lend  unrm 
less  10  devtatp  Tram  the  pitch  lo  which  the  aptmratas  has  been  adjusted.  The  walet  rf 
Ihe  conilrnsed  ileain  will  pass  off  Trom  Ihe  slopinii  windinR-pipe  i,  ■,  o,  p,  Ifannifk  tk 
■lopins  orifice  p.  A  saline,  acid,  or  alkaline  bath  has  ■  boiling  temperature  propcvliiail 
lo  iu  des^ee  of  concent  rat  iim,  and  may  Ihererure  hare  ils  hest  regalatcd  bf  immeniifa 
thermostat  in  it,  and  connecting  the  workine  part  of  the  iaslrament  with  a  Map-cod  i, 
which  will  admit  water  to  dilute  the  bath  whenever  by  evaporation  il  has  become  coaoa- 
trated,  and  has  acquired  a  hilther  boilini  point.  The  space  Tor  the  bath,  between  Itr 
oolei  and  inner  puns,  should  communicale  by  one  pipe  with  the  waler-culem  n;  aadtf 
another  pipe,  wilh  a  sarcly  cistern  r,  into  which  ihe  balb  may  be  allowed  lo  overflow  fc- 
rintt  an;  sudden  excels  of  ebullition. 

Fig.  1 IM  is  a  Ihermo^liilic  apparatus,  ccmposcd  of  three  paira  of  bars,  d,  d,  d,  wUd 
are  rpprctenled  in  a  state  uf  Deiure  by  heat ;  but  Ihey  become  nearly  straight  and  paraDd 
a  guide  rod,  fixed  at  one  end  by  an  adjusting  screw  t,  in  the  stna) 
fnimc  /,  t,  having  deep  guide  stootc*  at  tk 
sides.  /,  g,  is  the  working-rod,  which  mmt 
endways  when  the  hart  d,  d,  d,  opetale  ty 
heal  or  cold,  A  square  register- plate  ^f, 
may  be  affixed  to  the  nid  /,  k,  h>  as  lok 
movol  backwards  and  forwanlg  thereby,  n- 
ending  to  Ihc  variations  of  temperalare ;  « 
the  rod  /,  (i,  may  cause  the  circular  inraiif 
air-rcEister  i,  to  rcToive  by  rack  and  wbnl- 
wnrk,  or  hy  a  chain  and  pulley.  The  rtpt- 
ter.plnle  A,  g,  or  taming  rexister  >,  is  siualed 
at  the  eeiling  or  upper  part  oT  the  ckaBbo', 


«  to  let 


LthDtai 


Fif.  1137rcpreBenls« 
b,  d,  t,  t,  on  a  damper/,  ft,  g.     the  n 
posed  to  be  on  the  oulside.     The  pis 
Bnre  directly  into  Ihe  passage  of  the 


to  raise  or  lawaa| 
,  >tei  I,  which  may  be  situated  mi^  . 
the  floor  of  the  apartment  or  hol.honie,  k 
admit  hot  air  into  the  room,  c,  is  a  aiDed 
head  for  adjusting  Ae  Ihenixistat,  bf  mean 
of  the  screw  at  e,  in  order  thai  ii  may  ngi- 
late  Ihe  temperature  lo  any  degree, 
furnished  with  a  jrynatal,  a,  b,  c,  acting  bj  the  link* 

,  Mpansihle  metal  is  in  the  pretenl  ezam[de  »Bp- 

of  the  damper-plate  will,  in  this  case,  be  tsnwd 
lught  through  tbe  chimney  by  increase  of  tenpe- 


Fif.  1I3S  represenli  a^irenlar  tumiog  roister,  luch  as  is  nicd  for  a  tlOT^  or  slom 
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fvue,  or  for  TcntiUlin;  apnrlments  j  it  ia  furnished  with  &  lerin  of  spiral  thmnostatie 

k«tn,  tnclt  bar  being  fixed  taal  at  the  c ilea mfete nee  of  the  circle  b,  t,  of  (he  fixed  piftte 

1137  of  the  air-re^tister ;  anJ  all  the  bars  act  in  concert  at  the  centre  a,  of  ths 

,    ,  J     twining  pari  of  the  reiislcr,  by  [heir  ends  being  iaserteit  between  the 

:;:      teeth  of  a  small  pinion,  or  by  being  jointed  to  the  ccalral  part  of  the  lam- 

•^       jag  plaLe  by  small  pins. 

r:  Fig.  1 134  represenLi  anolhiri  arrangement  of  tnf  IhertDOitalic  apparaliu 

£^      applied  to  a  circular  lurnini;  rev isler,  like  the  preceding,  for  ventilating 
^      apartments.  Two  paira  of  compound  bars  are  applied  so  as  to  act  in  eoncert,  . 

au^  br  means  of  the  links  a  c,b  c,  on  the  uppusile  ends  of  a  short  lever,  which 
I  ,  P^  is  fixed  on  the  cenlral  pari  of  Ihe  lornins  plate  of  the  air-regisler.  The 
/^  two  pairs  of  compound  bars  a  b,  are  fastened  to  the  circumference  of 
the  GieJ  pinte  of  the  lurnini;  register,  by  two  sliding  rods  a<i,bi,  which 
are  furnished  wilh  adjuslini  screws.  Their  motion  or  flemie  i*  Irans- 
''/-^i—,  milled  by  the  links  a  c,  and  *  c,  to  the  turning  plate,  abOut  its  centre,  for 
^  -^  the  purpose  of  shutling  or  ojiening  ihe  Tentilating  sectorial  apertures, 
tDOre  or  less,  according  to  (he  temperature  of  the  air  which  surrounds  Ihe  thermostatic 
turning  reGisler.  By  adjusting  Ihe  screws  a  d,  and  b  c,  the  turning  register  is  made 
U>  elose  all  its  apertures  at  any  desired  degree  of  temperature  ;  but  whenever  the  air  i* 
Above  that  temperature,  the  flexure  of  ihe  compound  bars  will  open  the  apertures. 

THIMBLE  (De  d  nadrt,  Fr. ;  Fin^erknt  (fiagtrlial),GtnD.),'a  a  small  truncated 
metallic  cone,  deviating  liitle  from  a  cylinder,  smooth  within,  and  sj'mmetrieally  pitted 
on  the  nulside  with  numerous  rows  of  indenlnlions,  which  is  put  upon  the  tip  of  the  . 
middle  finger  of  Ihe  right  hand,  to  enable  it  to  push  Ihe  needle  readily  and  safely 
through  elolh  or  leather,  in  the  acl  of  sewing.  This  little  instramenl  is  fathjoned  in 
two  ways ;  either  wilh  a  pitted  round  end,  or  without  one ;  the  latter,  called  the  open 
Ikimble,  being  employed  by  tailors,  upholtlerers,  and,  generally  speaking,  by  mtiLt-mm. 
Tbe  following  ingenious  process  far  making  this  essenlial  implemenl,  the  contrivance  of 
MM.  Rouy  nnJ  Berthicr,  of  Paris,  has  been  much  celebrated,  and  very  successful. 
Sbeet-iron,  one  twenty-fourlb  of  an  inch  thieh,  is  cut  into  strips,  of  dimensions  salted 
to  the  intended  size  of  the  thimbles.  These  strips  are  passed  under  a  punch-presa, 
whereby  Ihey  are  cut  into  discs  of  aboal  2  inches  diameter,  lagged  together  by  a  tail. 
Each  strip  contains  one  dozen  of  tlie^e  blanks.  A  child  is  employed  to  make  them  red- 
hot,  and  to  lay  them  on  a  mandril  nicely  filled  to  their  size.  The  workman  now  strikes 
the  middle  of  each  with  a  round-faced  punch,  about  the  thickness  of  his  finger,  and  thus 
sinks  it  into  the  concavity  of  the  first  mandril.  He  then  transfers  it  successively  to  an- 
other mandril,  which  has  five  hollows  of  successively  increasing  depth  ;  and,  by  Striking 
it  into  them,  brings  it  to  Ihe  proper  shape. 

A  second  workman  takes  this  rude  thimble,  sticks  it  in  the  chuek  of  his  lathe,  in  order 
to  polish  it  within,  then  turns  it  oulside,  marks  Ihe  circles  for  the  gold  ornament,  and 
t>dents  the  pits  most  cleverly  wilh  a  kind  of  milling  tool.  The  thimbles  are  next  an- 
Dealcil,  hriihlened,  and  gilt  inside,  with  a  very  thin  cone  of  gold  leaf,  which  is  firmly 
nnlted  to  Ihe  surface  of  the  iron,  simidy  by  the  strong  pressure  of  a  smooth  steel  man- 
dril. A  gold  fillet  is  applied  to  Ihe  outside,  in  an  nnnnlnr  space  turned  to  receive  it,  be- 
ing fited.  by  pressure  at  Ihe  edges,  into  a  minule  eroove  formed  on  the  lathe. 

Thiinhles  are  made  in  this  country  by  means  of  moulds  in  Ihe  stamping-maduDe.  Sm 
Stamuno  of  Metals. 

THORKVA  is  a  primitive  earth,  wilh  a  metallic  basis,  discovered  in  1828,  by  Ber- 
lelius.  tt  was  rxtraeled  from  the  mineral  Ikonlt,  of  which  it  conslilules  66  per  cent., 
and  where  it  h  associated  with  Ihe  oiydes  of  iron,  lead,  manganese,  tin,  and  uranium, 
betUo  earths  and  alkalis,  in  all  12  substances.  Pure  thorina  is  a  while  powder,  wilhoul 
Iksie,  sm<^ll,  or  alkaline  reaction  on  litmus.  When  dried  and  calcined,  it  ii  not  affected 
tj  eiiher  the  nitric  or  muriatic  acid.  It  may  he  fused  wilh  borax  into  a  traospareot 
)^ass,  bul  not  with  potash  or  soda.  Fresh  precipitated  thorina  is  a  hydrate,  which  di>- 
advea  r-adily  in  the  above  acids,  as  well  as  in  solutions  of  the  earbonalei  of  potash,  soda, 
fid  ammonia,  bul  not  in  these  alkalis  in  a  pure  state.  This  earth  consists  ofTt'fi  parti 
oTlhe  melnl  fAoriiium,  combined  wilh  100  of  oiygen.  Its  hydrate  conUins  one  equiva- 
lent pritne  uf  water.  Il  is  hitherto  mere';  a  chemical  carioaity,  remarkable  chiefly  for  a 
density  of  9-402,  fdrgreatn  than  that  of  all  the  earths,  and  even  of  copper. 

THREAD  MANUFACTURE.  The  doubling  and  twisUag  of  colton  or  linen 
yam  inti  n  compact  thread,  for  weaving  bohbinet,  or  for  sewing  garments,  is  perfbnned 
bf  a  machine  resembling  the  throstle  of  the  eotton-s pinner.  Fig.  1138  sbows  the 
thread-frame  in  a  transverse  seelion,  perpendicular  to  its  length,  a,  it  the  strong 
taming  of  cast-iron ;  6,  is  the  craL,  or  shelf,  in  which  the  bobbins  of  yam  I,  I,  are  Ml 
loosely  U|>on  their  respective  skewers,  along  the  whole  line  of  the  machine,  their  loWM 
^s  turning  in  oiled  steps,  and  their  upper  in  wire  eyes ;  c,  is  a  glais  rod,  aeiM*  wbieh 
the  jam  nuu  ai  il  ii  niironndi  i,d,*n  oblong  annnw  ttoa|^  ltn«d  with  letA,  nal 
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IDed  wtlh  watrr,  (or  moiMeninfc  ihe  thread  dorin;  iu  lonioa  |  Ike  Uireadi  bna|  Mt 
to  pau  throufch  cyn  at  tbr  Iwllom  uf  (lie  Turk  e,  irhich  hu  an  apri^t  mcin  rur 
it  out,  wiibonl  veiling  the  Gngrtr,  vben  inr  ibin;  ;oei  uniM  j  y,  /,  are  ihe  f 
rallfn,  the  Diider  one  g,  beinlt  of  fmoiilh  iron,  ami  the  npiier  one  ft,  of  boi-wood)  Al 
fartaer  eitrnd*  from  eiiil  to  end  of  the  fcanie,  in  Irnglhi  eompn^lieiKlinit  18  tknak, 
which  are  juinnl  by  sqaare  piecn,  as  in  the  diawinf-rollpn  of  the  Binie-jeiiBf.  ~ 
neckt  (jf  the  under  roILera  are  sujiporlnl,  al  the  end'  snd  the  middle,  bf  the  flam 
leeured  to  rquate  basri  j,  bolli  made  of  cast  iron.  The  Dpiier  ejlindn'  has  an^ru 
.and  is  rurmnl  uf  is  many  Fuller*  ai  there  are  ibFFadp;  each  roller  beio;  kept  in  ill  |ta 
upon  Ihe  lower  one  by  the  guidei  k,  wbote  vertical  tloU  reeeitc  the  eod*  oT  ilie  ai 
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The  yam  delivered  b;  the  bobbin  /,  eliiln  arer  ihe  rod  c,  and  deseenda  into  Ifae  Uoi^ 
i,  t,  where  it  gela  wettfd ;  on  emprxins,  it  ijoes  alone  Hie  bollom  of  the  roller  t,  tm 
V!>,  (o  ns  lo  imm  brlween  il  and  k,  then  tnrns  round  (he  top  of  k,  and  fl^Pf  W""^ 
M\rp)t]y  downwardii,  to  be  wonnit  npon  (he  bobbin  n,  aAer  traierain^  tllfniif 
TbrM  tniJesare  (iied  lo  the  end  of  a  plale,  which  maybe  tamed  np  by*  king  ' 
8,  lo  make  room  Tor  the  bobbins  'o  be  chanied. 

There  » re  Ihree  distinct  simultaneous  mofrmenli  to  be  conf idered  ia  lhi*ntekite: 
1.  thai  oflhe  roller*,  or  nilher  of  (lie  under  roller,  for  the  upper «Be  Te»olT«  merdyhT 
friction  ;  2.  thai  of  the  spindlei  m,  r';  3.  Ihe  up-and-down  motioa  of  ibe  bobbJoasiM 
the  spindles. 

The  first  of  these  motions  is  produced  by  means  of  toothed  wheels,  npoB  the  tiihl 
hand  of  Ihe  under  set  of  rollers.  The  second  motion,  that  of  ihe  spindles,  is  effected  by 
the  drum  t,  which  extends  Ihe  whole  lenilh  of  the  fninle,  (urninfi  upon  the  Hhaft  v,  tiU 
eammanientinc:  lis  rotatory  motement  (derived  from  the  ateam  pulley)  lo  Ihe  whorl  V, 
ofthespindles,  bymeansoftheendlesabandof  corda.'  Each  oT  Iheae  cords  (urns  root 
^wlles,  two  apon  eaebaide  of  Ihe  fiaoie.    They  are  kept  in  ■  paper  Male  of  teanM 
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hf  the  weii^hts  c\  which  act  tan^ntially  upon  the  circular  are  d\  fixed  to  the  extremity 
oTthe  bell-crnnk  lever  e'/*  fn',  and  draw  in  a  horizontal  direction  the  tension  pulleys  hf 
•snbraceJ  by  the  cords.  The  third  movement,  or  the  vertical  traverse  of  the  bobbins, 
•Ions?  the  spindles  m,  takes  place  as  follows : — 

The  en.l  of  one  of  the  under  rollers  carries  a  pinion,  which  takes  into  a  carrier  wheel, 
that  communicates  motion  to  a  pinion  upon  the  extremity  of  the  shaA  m',  of  the  heart- 
•hmped  pulley  n\  As  this  eccentric  revolves,  it  cives  a  reciprocating  motion  to  the 
levers  o'^',  which  oscillate  in  a  vertical  plane  round  the  points  p'  p\  The' extremities 
of  these  levers,  on  either  side,  act  by  means  of  the  links  q\  upon  the  arms  of  the  sliding 
•oekets  r",  and  cause  the  vertical  rod  «',  to  slide  up  and  down  in  euide-holes  at  r,«',  along 
with  the  cast-iron  step  v',  which  bears  the  bottom  washer  of  the  bobbins.  The  periphery 
of  the  heart-wheel  n",  is  seen  to  bear  upon  friction  wheels  x,  x'y  set  in  frames  adjusted  l^ 
screws  upon  the  lower  end  of  the  bent  levers,  at  such  a  distance  from  the  point  p',  as 
that  the  traverse  of  the  bobbins  may  be  equal  to  the  length  of  their  barrel. 

By  adapting  chanee  pinions  and  their  correspondini?  wheel  to  the  rollers,  the  delivery 
of  the  yarn  may  be  increased  or  diminished  in  any  degree,  so  as  to  vary  the  degree  of 
twist  put  into  it  by  the  uniform  rotation  of  the  drum  and  spindles.  The  heart  motion, 
beinis  derived  from  that  of  the  rollers,  will  necessarily  vary  with  it. 

Silk  thread  is  commonly  twisted  in  lengths  of  from  50  to  100  feet,  with  hand  reels, 
somewhat  similar  to  those  employed  for  making  ropes  by  hand. 

TILES.    See  Bricks. 

TILTING  OF  ST££L.  See  Steel.  Rees's  Cyclopsedia  contains  an  excellent  article 
OB  this  subject. 

UN  (Etain,  Fr. ;  Zinny  Germ.),  in  its  pure  state,  has  nearly  the  color  and  lustre 
of  silver.  In  hardness  it  is  intermediate  between  gold  and  lead;  it  is  very  malleable, 
and  may  be  laminated  into  foil  less  than  the  thousandth  of  an  inch  in  thickness ;  it 
has  an  unpleasant  taste,  and  exhales  on  friction  a  peculiar  odor ;  it  is  flexible  in  rods 
or  stfaps  of  considerable  strength,  and  enTits  in  the  act  of  bending  a  crackling  sound,  as  if 
sandy  particles  were  intermixed,  called  the  creaking  of  tin.  A  small  quantity  of  lead, 
or  other  metal,  deprives  it  of  this  characteristic  quality.  Tin  melts  at  442°  Fahr.,  and  is 
Tery  fixed  in  the  fire  at  higher  heats.  Its  specific  gravity  is  7*29.  When  heated 
to  redness  with  free  access  of  air,  it  absorbs  oxygen  with  rapidity,  and  changes 
first  into  a  pulverulent  gray  protoxyde,  and  by  longer  ignition,  into  a  yellow-white 
powder,  called  putty  of  tin.  This  is  the  peroxyde,  consisting  of  100  of  metal  -f-  27*2 
of  oxygen. 

Tin  has  been  known  from  the  most  remote  antiquity ;  being  mentioned  in  the  books 
of  Moses.    The  Phoenicians  carried  on  a  lucrative  trade  in  it  with  Spain  and  Cornwall. 

There  are  only  two  ores  of  tin ;  the  peroxyde,  or  tin-stone,  and  tin  pyrites ;  the 
former  of  which  alone  has  been  found  in  sufficient  abundance  for  metallurgic  purposes. 
The  external  aspect  of  tin-stone  has  nothing  very  remarkable.  It  occurs  sometimes  in 
twin  crystals ;  its  lustre  is  adama'htine ;  its  colors  are  very  various,  as  white,  gray, 
yellow,  red,  brown,  black ;  specific  gravity  6*9  at  least ;  which  is,  perhaps,  its  most 
•trikine  feature.  It  does  not  melt  by  itself  before  the  blowpipe;  but  is  reducible  in 
the  smoky  flame  or  on  charcoal.  It  is  insoluble  in  acids.  It  has  somewhat  of  a  greasy 
aspect,  and  strikes  fire  with  steel. 

Tin-stone  occurs  disseminated  in  the  ancient  rocks,  particularly  granite ;  also  in  beds 
and  vei^,  in  large  irregular  masses,  called  atoekwerk$ ;  and  in  pebbles,  an  assemblage 
of  whid^s  ssJled  stream-works,  where  it  occasionally  takes  a  ligneous  aspect,  and  is 
termed  loooii^iii. 

This  ore  has  been  found  in  few  countries  in  a  workable  quantity.  Its  principal  locali- 
ties are,  Cornwall,  Bohemia,  Saxony,  in  Europe ;  and  Malacca  and  Banca,  in  Asia. 
The  tin*mines  of  the  Malay  peninsula  lie  between  the  10th  and  6lh  degree  of  south  lati- 
tude ;  and*are  most  productive  in  the  island  of  Junck-Cey Ion,  where  they  yield  sometimes 
800  tons  pttsnnum,  which  are  sold  at  the  rate  of  48/.  each.  The  ores  are  found  in  large 
cares  neai^'WL^urface ;  and  though  actively  mined  for  many  centuries,  still  there  is  easy 


to  iBT'iinexhausted  parts.  The  mines  in  the  island  of  Banca,  to  the  east  of 
flomatra,  discomed  in  1710,  are  said  to  have  furnished,  in  some  years,  nearly  3500  tons 
of  lin.  ^Small  quantities  occur  in  Gallicia  in  Spain,  in  the  department  of  Haute  Vienne 
in  France,  and  in  the  mountain  chains  of  the  Fichtel  and  Rieseneebiirge  in  Germany. 
The  columnar  pieces  A' pyramidal  tin-ore  from  Mexico  and  Chile,  are  products  of  stream- 
works.  Small  groups  of  black  twin  crystals  have  been  lately  discorer^  in  thealbite  rock 
of  Chesterfield  in  Massachusetts. 

The  Cornish  ores  occur — 1.  in  small  strata  or  veins,  or  in  masses ;  2.  in  stockwerks, 
or  eoni^eries  of  small  veins ;  3.  in  large  veins ;  4.  disseminated  in  alluvial  deposites. 

The  stanniferous  small  veins,  or  thin  flat  masses,  though  of  small  extent,  are  some- 
times very  numerous,  interposed  between  certain  rocks,  parallel  to  their  beds,  and  are 
eoouDonly  ealled  tin-floon.    The  same  name  is  occasionally  |^ven  to  stockwerks.    In 
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the  mine  of  Botlalack,  a  tin-floor  has  been  found  in  the  kiDas  (primitire  schistofe  rod), 
thirty-six  fathoms  below  the  level  of  the  sea ;  it  is  about  a  foot  and  a  half  tUck,  and  oeca- 
pies  the  space  between  a  princi|«l  vein  and  its  ramification ;  but  there  seems  tobeao 
connexion  between  the ^oor  and  the  great  vein. 

2.  Stockwerks  occur  in  granite  and  in  the  feldspar  porphynr,  called  in  Cornvall, 
elvan.  The  most  remarkable  of  the«e  in  the  granite,  is  at  the  tin-mine  of  Carckse, 
near  St.  jSustle,  The  works  are  carrietl  on  in  the  open  air,  in  a  friable  granite,  coa- 
taining  feldspar  disintegrated  into  kuoiin^  or  china  clay,  which  is  traversed  bwa  Emt 
many  small  vein;:,  composed  of  tourmaline,  quartz,  and  a  little  tin-^tone,  that  form  black 
delineations  on  the  face  of  the  light-sray  granite.  I'he  thickness  of  these  little  vein 
rarely  exceeds  Vy  inches,  including  the  adherins  solidified  granite,  and  is  occasicmtUj 
much  less.  8omc  of  them  run  nearly  cast  and  west,  with  an  almost  vertical  dip; 
others,  with  the  semie  direction,  incline  to  the  south  at  an  angle  with  the  horizon  of  70 
degrees. 

Staiiniferous  stockwerks  are  much  more  frequent  in  the  elvan  (porphyry),  of  which  ibe 
mine  of  Trewidden-ball  is  a  remarkable  example.  It  is  worked  among  flattened  massrf 
of  e/iHin,  separated  by  strata  of  kilhsy  which  dip  to  the  east-north-east  at  a  considenbk 
angle.  The  tin  ore  occurs  in  small  veins,  varyincr  in  thickness  from  half  an  inch  to  Sor 
9  inches,  which  are  irreirular,  and  so  much  interrupted,  that  it  is  difficult  todetermiic 
either  their  direction  or  their  inclination. 

3.  The  large  and  proper  metalliferous  veins  arc  not  equally  distributed  orer  the  soHace 
of  Cornwall  and  the  adjoining  part  of  Devonshire;  but  arc  grouped  into  three  districts; 
namely,  1.  In  the  south-west  of  Cornwall,  beyond  Truro;  2.  In  the  neighborhood  oi 
St.  Au>tle;  and  3.   In  the  neighborhood  of  Tavistock  in  Devonshire. 

The  first  group  is  by  far  the  richest,  and  the  best  explored.  The  formation  mod 
abundant  in  tin  mines  is  principally  granitic ;  whilst  that  of  the  copper  mines  is  ZLOSt 
frequently  schistose  or  killas;  though  with  numerous  exceptions.  The  great  tin  veias 
are  the  most  ancient  metalliferous  veins  in  Cornwall ;  yet  they  are  not  all  of  one  f«;iBS* 
tion,  but  belone  to  two  different  systems.  Their  direction  is,  however,  nearly  the  same, 
but  some  of  them  dip  towanis  the  north,  and  others  towards  the  south.  The  first  are 
older  than  the  second  ;  for  in  all  the  mines  where  these  two  sets  of  veins  are  associated, 
the  one  which  dips  to  the  north,  cuts  across  and  throws  out  the  one  which  dips  to  the 
south.    See  Minks,  p.  841. 

At  Trevannance  mines,  the  two  systems  of  tin  veins  are  both  intersected  by  the  oUest 
of  the  copper   veins;    indicating  the  prior  existence  of  the  tin  veins.     In  flg,  1139, 

6,  marks  the  first  system  of  tin  veins ;  r,  the  secood ; 
and  df  the  east  and  west  copper  veins.  Some  of 
these  tin  veins,  as  at  Poldice,  have  been  traced 
over  an  extent  of  two  miles ;  and  they  vary  a 
thickness  from  a  sihUW  fraction  of  an  inch  to 
several  feet,  the  averase  width  being  from  2  to  4 
feel;  though  this  does  not  continue  noifonn  kt 
any  leneth,  as  these  veins  are  subject  to  eontiaoal 
narrowin^rs  and  expansions.  ^  The  f^angue  is  quaiti^ 
chlorite,  tourmaline,  and  sometimes  decompond 
granite  and  fluor  spar. 

4.  MluviaX  tin  ore,  stream  tin, — PeroxydtBl9f  tin  occurs  disseminated  boA  ia  the 
al/«rium  which  covers  the  gentle  slopes  of  the  hills  adjoTlffng  the  rich  tin^raines,  airf 
also  in  the  alluvium  wliich  fills  the  valleys  ihai  wind  round  4heir  base;  bot  in  Ihoe 
numerous  dcposites  the  tin-stone  is  rarely  distributed  in  suflicient  quantities  to  aMke  i 
worth  the  working.  The  most  important  explorations  of  aHuvial  tin  on  are  cmapdl 
in  the  environs  of  St.  Just  and  St.  Austle;  where  they  are  called  f/ream-ieorJIcs  2  becsMI 
water  is  the  principal  agent  employed  to  separate  the  metallic  oxyde  from  IheVbdMri 
gravel. 

The  tin  mine  of  Altenberg,  in  Saxony  (fig.  1140,  which  is  a  verti^l  projection  in  a 
plane  passing  from  west  to  east),  is  remarkable  for  a  stockwerk,  or  interlaced  misB 
of  ramifying  veins,  which  has  been  worked  ever  since  the  year  1468.  The  indodiBf 
rock  is  a  primitive  porphyry,  superposed  upon  gneiss;  becoming  very  quartzose  as  it 
approaches  the  lode.  This  is  usually  disseminated  in  minute  particles,  and  acooni- 
panied  with  wolfram,  copper,  and  arsenical  pyrites,/i?r  oligiste,  snlphuret  of  molybdeouB^ 
and  bismuth,  having  gangues  of  lithomarge,  fluor  spar,  mica,  and  feldspar.  The  space 
which  the  ore  occupies  in  the  heart  of  the  quartz,  is  a  kind  of  dsedalus,  the  formei  bnag 
often  so  dispersed  among  the  latter  as  to  seem  to  merge  into  it ;  whence  it  is  called  lif 
the  workmen  zwUter,  or  ambigwjus.  In  1620,  the  mine  was  worked  by  21  independent 
companies,  in  a  most  irregular  manner,  whereby  it  was  damaeed  to  a  depth  of  170  fathoms 
by  a  dreadful  downfall  of  the  roofs.  This  happened  on  a  Sunday,  providentially,  when  the 
pions  miners  were  all  at  church.    The  depth  of  this  abyss,  marked  hf  the  curved  '* 
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m  is  nianirnt  to  ■  depth  of  96  ri(hon»  below  th«l 
walking  reprncnlrd  at  the  bottnni  of  the  iblft 
nnaer  e.  TJie  parts  exeaTited  are  tbided  black  in  the 
figure.  There  are  tvo  mawes  t^  ore,  one  under  the 
ihan  B,  and  another  under  Lhe  ahaft  c ;  ivhich  ■(  the 
level)  5  and  10  are  in  communi cation,  bnt  not  at  G,  T. 
There  ia  a  drrecl  descent  rrom  8  to  9.  The  depoaite* 
art  bf  na  means  in  one  vertical  plane,  but  at  ■  consider- 
able horiznnul  dirlanee  from  each  other.  \  is  the  de- 
■cendin;  ehaA ;  b  is  the  eitraelion  shad,  near  the  Dionth 
of  which  there  is  a  water-wheel ;  c  is  another  exinelioB 
shan,  woriied  also  bj  ine«as  of  a  waier-whetl.  a  and 
c  are  furnished  wilh  ladders,  but  for  n  the  Udders  uc 
placed  in  an  accesaorr  shad  If ;  under  d  a  shaft  is  sunk 
for  pumping  oni  the  water,  by  means  of  aa  hydnulie 
wheel  at  D  i  e  is  the  gallery  or  drilt  fuf  admittintt  lhe 
water  which  drires  the  wheels.  This  falli  300  feet,  and 
Dujihl  to  be  applied  to  a  water-preuure  en<tine,  instead 
oT  the  paddles  of  a  wheel.  At  d  i>  [he  )[allp/^  of  dis- 
charge for  the  WBleri,  which  serves  also  to  ventilate  the 
mine,  being  cut  to  the  day,  through  936  loises  of  sjenilie 
porphyry  and  gneiss.  J  li  a  great  vaulted  eieavalion. 
The  mine  has  13  stafes  of  galleries,  of  which  11 
serve  for  eilreeling  the  ore;  1  is  the  tnitl-conisei  the 
rest  are  marked  wilh  the  nnmbers  2,3,  4,  ftc;  each 
having  besides  a  characleriBlic  Genran  name.  The  rare 
tnineml  called  topat  penile  is  foDDil  in  this  mine,  above 
10,  between  the  sballs  c  and  d. 

The   only   rule  observed    in  taking   ore    from   this 

mine  his  been  to  work  as  much  oal  of  eaeh  of  these 

levels  as  is  possible,  wilhont  endangering  the  ruper- 

incumbfnt  Or  collatenl  galleries ;   on  which   acMnnI 

many  pillars  bit  conilmcled  to  support  llie  roofs.    The 

__  _  mine  yields  anaually   ItiOO  qainlnls  (Leipiick)  of  tin, 

~ —  beini  four  fifths  of  the  whole  rnmished  by  the  distiict 

of  Altenbere ;    lo  produce  which,  400,000  qainlali  of  ore  are  raised.      1000  parts  of 

Ibe  rock  yield  S  of  conceatraled  tchlieh,  equivalent  to  only  4  of  metal ;  being  only  I  ia 

XKparu. 

But  the  most  citensive  aad  prodnelive  itream-worifs  are  tbote  of  Pentowan,  new 
8L  Austle. 

Fig.  1141  represent!  a  vertiesl  section  of  the  Pentowan  mine,  taken  from  the 
Mtam-KOik,  Happn  [Mm.  A  Vast  excavalion,  m,v,  v,  i,  has  been  holluwed  nut  in 
the  open  air,  in  quest  of  lhe  allnvial  tia 
ore,  r,  which  occurs  here  at  an  nnntotl 
J  depth,  below  the  level  of  the  strata  a, ». 
I  Before  gelling  at  Ihia  depMile,  several 
estive  layers  had  lo  be  sank  through  ; 
I  namely,  I,  2,  3  j  the  gn<vel,  containing  in 
I  its  middle  a  band  of  ochreoui  earth  3,  or 
H  rrrmginous  clay ;  4,  a  black  peal,  per- 
fl  feetly  comhnslible,  of  a  coarFc  lexlun^ 
j  composed  of  reeds  and  woody  fibres,  ce- 
mented into  a  DISSS  by  a  fine  loam;  6, 
>e  sea-sand,  mingled  with  marine  shells  g 
le  mnd,  filled  with  thplls.  Below  these  the  depositeof  itn-slone  occur*, 
IS  of  various  siie,  of  elsy  slate,  flinty  flate,  qaant,  iron  ore,  j«sper ; 
ta  ■  word,  of  all  the  mcks  and  gangues  lo  be  met  with  in  the  surrounding  trrrilory,  with 
Ite  eieeption  of  granila.  Among  thefe  fragments  there  occur,  in  roundeil  parlicles,  • 
coarse  quarlzme  sand, and  lhe  tin-stone,rominDnly  in  stnaH  grains  and  crystal*.  Benealh 
Ibe  bed  T,  the  clay  slate  occurs,  called  kitlai,  {A,  x,  f ,)  which  ttipporti  all  the  deposilei 
«f  more  recent  forms  lion. 

The  system  of  mining  is  very  simple.  The  snecesstre  beds,  whose  thicknem  is  shows 
fa  Uie  figure,  are  visibly  cot  nut  into  steps  or  platform!'.  By  a  level  or  gallery  of  efflni, 
ft,  the  waters  SuW  into  the  bottom  of  the  well  /,  m,  which  contains  the  dralnare  pnmpe; 
ud  these  are  put  in  action  by  a  machine,],  moved  by  a  water-wbrrl.  The  ntraelion  or 
Ike  ore  it  eHecied  b]p  en  inclined  plane, ',  eul  out  of  one  of  the  sides  of  the  exravaiio% 
m  «B  uijle  of  abwu  46  dcfTcc*.  At  Ike  lower  cad  af  tUi  riopiaf  i^kwar  Iknm  H  • 
79 
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place  of  loading ;  and  at  its  upper  end  h,  a  horse-gin,  for  alternately  raiung  mad  lowefiig 
tlie  two  basliets  uf  extraction  on  the  pathway  t. 

Mine  tin  requires  peculiar  care  in  its  mechanical  preparation  or  dresainsr,  oa  ac- 
count of  the  presence  of  foreiga  metals,  from  which,  as  we  have  stated,  the  stream  tk 
is  free. 

1.  As  the  mine  tin  is  for  the  most  part  extremely  dispersed  through  the  csngiie,  it 
must  be  all  stamped  and  reduced  to  a  very  fine  powder,  to  allow  the  metallic  psuticlcs  lo 
be  separated  from  the  stony  mailers.  ^ 

2.  As  the  density  of  tin-stone  is  much  greater  than  that  of  most  other  metalUe  cm,  it 
it  less  apt  lo  run  off  in  the  washing ;  and  may,  therefore,  be  dressed  so  as  to  he  ecMnpleleiy 
stripped  of  every  mailer  not  chemically  combined. 

3.  As  ihe  peroxyde  uf  lin  is  not  afft^cied  by  a  moderate  heat,  it  may  he  exposed  to  cat- 
cinaliun ;  whereby  the  specific  gravity  of  the  associated  sulpharets  and  arseniorels  is  ss 
diminished  as  to  facilitate  their  sepai-alion. 

We  may  therefore  conclude,  that  tin  ore  should  be  first  of  all  pounded  Tery  fine  is  tht 
stamp-mill,  then  subjected  to  reiterated  washings,  and  afterwards  calcined.  The  Older  «f 
proceeding  in  Cornwall  is  as  follows : — 

1.  CUaning  ihe  ore. — This  is  usually  done  at  the  mouth  of  the  gallery  of  efflux:,  by  agi* 
taling  Ih^ore  in  the  stream  of  water  as  it  runs  out.  Sometimes  the  ore  is  laid  on  a  gia> 
ting,  under  a  fall  of  water. 

2.  Sorting. — The  ore  thus  cleaned,  is  sorted  on  the  grate,  into  four  heaps  :  ].  sloscs 
rich  in  tin;  2.  stones  containing  both  tin  and  copper  ore;  3.  copper  ore;  4.  stertte 
pieces,  composed  in  a  great  measure  of  stony  gangue,  with  iron  and  arsenieal  pyrites.  la 
those  veinit  where  there  is  no  copper  ore,  the  second  and  third  heaps  are  obrionsly  abseoL 
When  present,  the  compound  ore  is  broken  into  smaller  pieces  with  a  mallet,  and  the 
fragments  are  sorted  anew.  ^ 

3.  Stamping. — ^The  stanniferous  fras;ments  (No.  I)  are  stamped  into  a  sand,  of  cretter 
or  less  fineness,  according  lo  the  dissemination  of  the  tin-stone  in  the  gangue.  The  de- 
termination of  the  size  of  the  sand  is  an  object  of  great  importance.  It  is  regulated  by 
a  copper  plate  pierced  with  small  holes,  through  which  every  thing  from  the  stanping- 
mill  must  run  off  with  the  rapid  stream  introduced  for  this  purpose.  This  plate  forms  the 
front  of  the  stamp  cistern. 

Several  years  ago,  all  the  stamp-mills  were  driven  by  water-wheels,  which  limiird  the 
quantity  of  ore  that  could  be  worked  to  the  hydraulic  power  of  the  stream  or  wateriUI; 
but  since  the  steam  engine  has  been  applied  to  this  pur|K)se,  the  annual  product  of  tin 
has  been  greatly  increased.  On  the  mine  of  Huel  Vor,  there  are  three  steam  eatiies 
appropriated  lo  the  stamping-mills.  Their  force  is  25  horses  at  least.  One  of  these 
machines,  called  south  alamps,  drives  48  pestles;  a  second,  called  o!d  stamps,  drives  36; 
and  a  third,  21.  The  weight  of  these  pestles  varies  from  370  to  387  pounds;  and  they 
generally  rise  through  a  space  of  ]0|  inches.  The  machine  called  somth  stamps,  ibt 
strongest  of  the  three,  gives  17|  blows  in  the  minute,  tach  pestle  being  lifted  twice  for 
every  stroke  of  the  piston.  The  steam  engi|}e  of  this  mill  has  a  power  of  25  horses,  aad 
it  consumes  1062  bushels  of  coals  in  the  month.  Three  pestles  constitute  a  battery,  or 
stamp-box. 

Washing  and  stamping  of  tin  ores  at  Polgootk,  near  St.  .bustle. — The  stamps  or  pesUet 
are  of  wood,  6  inches  by  5|  in  the  square :  they  carry  lifting  bars  b,  secured 
1^^^        wiih  a  wooden  wedge  and  a  bolt  of  iron,  and  they  terminate  below  ji  a 
I     lump  of  cast  iron  a,  called  the  head,  which  is  fastened  to  them  hy  a  tsi^ 
J-     and  weighs  about  2|  cwis.    The  shknk  of  the  pesde  is  strengthened  with 
iron  hoops.     A  turning-shafl  communicates  motion  to  tlie  stamps  hy  casK 
stuck  round  its  circumference,  so  arranj^ed  that  the  second  falls  while  the 
first  and  third  of  each  set  are  upliAed.  There  are  4  cams  on  one  periphery, 
and  the  shaft  makes  7  turns  in  the  minute.    Each  stan^p^  therefci%  gifcs 
28  strokes  per  minute,  and  falls  through  a  space  of  7}  iaeh^.    The  stamp 
chest  is  open  behind,  so  that  the  ore  slips  away  under  the  pestles,  by  its 
weisht,  along  the  inclined  plane  with  the  stream  of  water.     The  bottom  of 
the  troughs  consists  of  stamped  ores.  With  6  batteries  of  6  pesUcs  each,  at 

I        A  Poldice,  near  Redruth,  120  bags  of  ore  are  stamped  in  12  hoars;  each  bag 

'  containing  18  gallons  of  282  cubic  inches;  measuring  altogether  352cahie 
feet,  and  864  cubic  inches. 
The  openings  in  the  front  sides  of  the  troughs  are  nearly  eight  inches  hy  seren  and  a 
half;  they  are  fitted  with  an  iron  frame,  which  is  closed  wiih  sheet  iron,  pierced  with  aboat 
160  holes  in  the  square  inch,  bored  conically,  beine  narrower  within.  The  ore,  oa  issoing, 
deposiles  its  rouffji  in  the  first  basin,  and  its  slimes  in  the  following  basins.  The  rough  it 
washed  in  buddies  (see  Lead,  page  757),  and  in  tossingUnbs ;  the  slimes  in  trunks,  and  up- 
on a  kind  of  twin  tables,  called  rackn.  Into  the  tossiiig4ub,  or  doUy,fir.  1 143,  the  stamp- 
ed ore  is  thrown,  along  with  a  certain  goantity  of  water,  and  a  woociiuui  stin  it  aboiit 
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wilh  *n  iron  ihavel  Tor  Ihree  or  Toar  minutM.    He  ttirn  irmoTn  ■  little  of  the  mttt 
wilh  ahundleiJ  |iilcher,>nd  MrikmlirnJ-Rorthe  lubTurSor  lOminnm  wiltimhuiuDer, 

which  haslen«  the  siib>iJpnee  of  Ihe  dc'i»ef  ii«rl«.     The  iraler 

IIW  i     i«  pexl  imureii  uli  br  inclinti?  the  tub  lo  one  (iJe.     la  ona 

S     oiwintiuo  ur  tl<i»  kiaJ,  futir  distinct  ilrala  orihe  om  miy  be 

1^-      -""^      prueuteJ,  at  indicaled   hy  (lie  line*  a  6,  t  J,  •  /  g,  '  "    '" 


wbicli  is  rnioi  T 


be  wuhed  a^in  ia  Ih* 
tr<Kiki<u-boi,  figt.  Il'lt,  [|]9;  ■  in  to  be  wuheJ  upon  Iha 
GviDisn  cheMi  ur  rack*,  fig.  1  [46  t  c,  Uie  tnofl  coneiJenble^ 
it  put  uidf ,  ■«  Khiich  Bt  Tw  the  market  (  d,  Tunninx  ■  Qiielew 
in  the  centre  of  Ihe  tub,  is  10  be  [lassed  ihrough  sieves  of 
ei>|>prr  wire,  having  t8  meshes  in  llie  square  inch.  Thit 
prujuci  thus  aUunl*  a  poninn  n',  which  passes  Ihrongh  Uw 
mtrr,  and  d"  wbich  i  einainB  upon  il )  Ihe  Inltet  is  sometimes  Ibrown  away,  and  si  uthen  ■* 
■atytcied  to  the  0|ierutiDa  called  the  tit,  viz.,  a  washing  u|nni  the  sloiiing  boiiom  of  a 
loss  trou^b. 

"""      "  '  "i  the  trunkin^.boi,  figi.  1144,  lltif 

listed  si  M,  the  warkman  pushes  ibem 
back  wilh  a  shotpl  rrom  a  (uwards  k 
The  metsliie  portion  is  Carried  otT,  and 
depusilrd  by  ihe  stream  of  water  upoa 
the  table;  but  ihe  eanhf  mallei*  are 
Boated  ilnnpi  into  a  bavin  hp)ond  iL 
The  product  coll  ee  Led  in  the  chest  is  di- 
vided into  two  portions;  Ibc  one  of 
which  is  waahfd  once,  and  the  olher 
twice,  upon  ihera'k,yif.  1146.  Tbia 
is  composed  ofa  fiame  c,  which  carriea 
a  tlopinl  boarrl  or  table,  snsceplible  of 
laming  round  lo  Ibe  rtzht  or  led  upon 
two  pivots,  ■,  K.  The  head  of  Iha 
(able  is  the  inclined  plane  T.  A  small 
board  p,  wbieh  is  allaehed  by  a  band 
of  leather  l,  Turms  the  communiealion  wilh  the  toner  uble  c,  who^  sk>pe  is  lenerally 
B  inches  in  its  whole  lenelb  of  9  feet;  but  this  may  sary  wilh  the  nature  of  ihc  ore, 
being  somewhai  less  when  it  is  finely  pulveriied.    The  ore  is  thrown  Dpon  t,  in  small 

pohiuDs  of  20  or 


nutes,  should  Die  schlich  seem  lolerably  <icb,  the  oferatiia 
I  K,  K,  so  as  tu  tumble  il  into  Ibe  boles  below.  The  mod 
I  ■',  which  must  be  washed  again  npun  Ihe  rodb;  and* 

1  ore,  is  7{  inches  in  (be  niaa 


After  workini  fur  a  few  n 
turns  the  lable  ronnd  ils  a: 
it  in  H ;  an  impure  sehlieh 
achliak  til  rurtnaslin;  in  a 

The  slope  «r  the  rack-table  for  washing  the  rvattid 
ftel. 

CnuAiag  rolli  at  Ae  Ptmirofce  mian.— Wagons,  raored  on  a  railway  by  an  endlesi 
rope,  brin«  Ihe  ore  to  be  crushed  immedlalely  over  the  rolls,  as  rhawn  in  fig.  1 147. 
A  trap  beint  opened  in  Ihe  side  of  Ihe  w««on,  Ihe  ore  falls  into  the  hopper  t,  whenea 
H  pa.«»es  directly  betweAi  the  Iwin  cvlindcn  c,  c,  anil  neii  npon  the  sieve  »,  wbieh 
receives  a  seesaw  motion  hariioDlBlly,  by  means  of  the  rod  l,  and  iKe  crank  of  tbe 
apriilil  inmintt-sban.  The  Iner  pmiion  of  ore,  whieh  passes  Ihmuih  ibal  >iev<^ 
forms  the  heap  s.  The  coarser  portion  is  loswtl  over  the  e^se  of  the  sieve,  and  falli 
belween  Ihe  cylinders  c'  c",  upon  a  lower  level,  and  foRDs  the  second  heap  ^  of  sihe^ 
and  s"  of  unrilleil,  ore. 

TlieholesoflhesirvrsD,  d',  bein^oflhesamesiie,  lbeprodoclss,s',«reofthe»aa»a 
fineness,  s"  is  f  round  agaiii,  being  mixed,  ia  Iha  sppenooat  hopper  t,  along  wilh  th« 
Mmpa  rnKB  the  wagons. 


.-*??'' 


n*  dMOMa  and  Vnpli  t£  th  Boder  nOli  (Ma/f.  1148)  i*  tmA    18  iBctM. 
cl^illhetquwe  ead  of  Ibe  gudgeoa {,  which  pceveau  Uie  ihaft  >hiniii|[  laterelli  oM 

of  iu  place.  The  dt 
uncfei  of  Ibe  apfo 
nlli  i«  !».  iachcf,  M 
lh«ir    Icaslh      it  llM 

of    lAite    caM    iiK 

cAiOrfor  CMebu*». 
ed  br  beiMt  cwt  h 
in>ii  Boolds  intfrad  rf 
audi  and  tWy  Imi  a 
moBth,  at  leaM,  ata 
oTgocdqaalilr.  Tker 
ina]k«  fVcm  ID  to  11 
tnnu  in  a  nianW,  ae- 
cording  la  Ibe  kaiil- 
aeas  or  the  am  of  t« 

i-i Lj-l-       or    copper  j    and    cm 

a  12  boar;  ;  but  Ipsa  of  the  poorer  sort. 
IB  the  calcination  in  the  himnf-iioiijt ;  which  inctndct  NT«nl 
revtrberalorr  furnsceg.  At  ihe  mine  of  PulJicc,  Ihcy  arcl « 
S  f  ardi  loDE,  by  from  2)  to  3  jardsi  wide.  Tbeir  hearth  ■■  hoii- 
lontilj  the  elevation,  iboot  26  incbrs  high  near  the  Srrpkc^ 
linki  rlifihily  towardi  Ibe  chimney.    Tbere  it,  bat  one  opeain^ 

which  it  in  the  front  i  il  is  closed  by  a  plate-iron  door,  taraiag 

tm  biuiea.  Abore  lh«  dmr  there  ii  a  chimney,  to  let  Ihe  ralphnrooa  aod  amaicd 
*apon  fly  ofl",  which  eacipe  oul  of  the  hearth,  withoui  annoying  ihe  wwkmen.  Tha 
ckkaney  lead*  to  hortionUJ  flue*,  in  whicb  the  artcniona  acid  is  condensed. 

Six  hnndred  wetghla  of  or«  are  inlroduced  ;  the  catcinatioii  of  which  tahes  fraH  Ilia 
II  hours,  according  to  the  qnintily  (d*  pyritea  contained  in  Ihe  ore.  At  the  befnaigf 
«f  the  operaliaa,  a  moderate  heat  is  applied  j  ider  whicb  il  is  pnthed  to  a  dull  red,  nd 
kept  ao  during  several  honn.  The  door  is  shal ;  Ihe  nateriali  are  vlirred  from  tMC  It 
tine  with  an  iron  nkc,  lo  expose  new  surfhcec,  and  preteni  them  from  anlatinatiaj  ar 
ktniag,  aa  the  woikown  aay.  The  more  pyrilei  ii  present,  the  more  luminit  is  nees- 
•  nry.  gbonld  the  ore  contain  black  ox;de  of  iron,  it  becomes  peioxjrdbed,  and  il  tbra 
eaiily  removed  by  a  anbaequent  washing. 
Figt,  1149,  116U  represent  the  furnace  employed  at  Altenberg,  in  Saxony,  fbr  rvaatisc 
'  '    of  the  roasting  hearth,  c,  in  openins  in  the  arcM 

roof  for  introducine  Ibc  dried  achlich  (thcgroad 
and  elutiiited  ore),  d,  a  the  inioke-maBlle  w 
ehimne]  bond,  nt  the  end  of  the  fomace,  aadei 
which  the  workmen  lorn  over  the  spread  icUid^ 
with  long  iron  rod •  bent  at  Iheir  ends  ;  (,Bte 
poison  vent,  which  conducts  the  arsenical  vapM 
to  the  pouoa  chamber  (gyUau)  oT  tuiifcaw 
tian 

When  the  ore  is  anfficienlly  ealdaed,  ai  ia 

shown  by  its  ceasing   la   exhale  Tarw*}  >■  * 

taken   out,  and   exposed  for  some  days  Id  ik« 

action  of  ihe  air,  which   dccunpoara   Ibe  nl- 

pbnrcls,  or  cfaangea  them  into  aulphMes.    Tie 

ore  ia  next  pnt  into  a  Inh  filled   with  wiHr, 

(lined  up  with  a  wooden  ralie,  and  lell  loaenki 

by  which  meant  ihe  solphalc  of  copper  thatmj 

have  been  formed,  it  dtssolred  oat.     AJUttntc 

time,  this  water  it  drawn  olT  into  a  large  task, 

and  its  copper  recovered  by  preciiitlatioa  wilb 

pieces  of  old  iron.     In  ibtt  way,  aliaasi  all  tbt 

copper  conlaincd  in  Ihe  lin  ore  is  exLraclBl 

Ha  calcined  ote  U  tifted,  and   Ireated  acain  on  the   racLh,  as   above  described. 

Tka  pure  Khlich,  called  AteiA  fm,  is  foU  under  Ibis  name  to  the  smellera;  a>d  Ibal 

wUeb  Qollecls  on  Ihe  middle  part  of  Ibe  jnelbied  wash-tables,  being  inacb  miied  with 

n,  is  called  modi  ItaJ,    This  is  patted  once  more  Ibrough  the  st 
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«f  Ihe  rake;  2,  brsep«nitiD;  the  larger  conglomerale  pebblei  rnnn  tbe  nullnr  pun 
OBcs ;  picking,  ilunpisg,  and  wubing,  on  a  kind  of  iUepiK§4ailu.    See  UxTAumar, 

/igi.  en,  6T8. 

The  tin  ore*  of  Cornnll  and  Devonihire  are  all  rtdaced  irilliin  Ihe  eonntiea  where 
Iher  arc  mined,  at  the  laws  prohibit  Iheir  expoitation  oat  of  them.  Private  intererta  lof- 
fer  no  injurr  froni  thi«  prohibiLioa  ;  becanse  the  ressela  which  brin;  the  fuel  ftvm  Walea, 
tor  taieJua;  these  orei,  retoni  lo  Swansea  and  Neath  loaded  with  copper  ores. 

The  9 melting- works  belong  in  general  lo  individaals  who  poueu  no  (in  mine*,  but 
«bo  purchase  a1  Ihe  cheapest  rate  the  ores  from  (he  mining  proprietors.  The  ore*  are 
appraised  according  to  (heir  contents  in  metal,  and  iu  fineness ;  condiiions  which  Ihef 
dnermine  by  the  Ibllowing  mode  ofassaT  i — When  a  certain  number  of  ba^  of  or^  ot 
■etrlj  the  same  quality,  are  brought  to  (be  works,  a  small  sample  is  taliea  from  neb  bag, 
■nd  the  whole  are  well  blended.  Two  ounces  of  (his  average  ore  are  mixed  with  about 
lour  per  cent,  of  ground  coal,  pnt  into  an  open  earthen  crucible,  and  heated  in  an  air 
fliriMec  (in  area  about  ten  inches  square)  till  reduction  talces  place.  As  the  furnaca  is 
very  hot  wben  the  crucible  is  introduced,  the  assay  is  finished  in  abiiul  a  quarter  oT  m 
hour.  The  melal  thus  revived  is  poured  into  a  mould,  an^  what  remains  h)  the  cmeiNe 
li  pounded  in  a  mortar,  that  the  gmins  of  lin  may  be  added  to  the  ingot. 

This  melhod,  though  imperfect  in  a  cheRiical  point  of  view,  serves  the  ■mclter't  par- 
foue,  as  i(  atfords  him  a  similar  result  lo  wha(  he  would  get  on  the  great  scale.  A  more 
^uel  assay  wunid  be  obtained  by  fusing,  in  a  craeible  lined  with  hard-rammed  charcoal, 
the  ore  mixed  with  five  per  cent,  ofgroand  glau  of  borax.  To  the  craeible*  ^ntlebeat 
•hoaU  be  applied  during  the  flrsl  hour,  then  a  *tron«  beat  duriog  (he  second  hour,  and, 
lutly,  an  intense  heat  for  a  quarter  of  an  hour.  This  process  brings  out  ftom  four  to  five 
per  cenL  more  (in  than  the  other;  bat  it  has  (he  inconvenience  of  redncing  (he  iron,  thouU 
■ny  be  present;  which  by  sobsequeni  soluiion  in  nitric  acid  will  be  readily  shown.  Tbb 
•way  would  be  too  tedious  for  (he  smelter,  who  may  have  occasion  (o  liy  a  great  manj 

The  smelting  of  (in  ores  is  effected  by  two  different  methods: — 

In  the  first,  a  miitare  of  the  ore  with  charcoal  is  eipoted  (o  beat  on  the  health  of  a 
reverbcratory  furnace  fired  with  coal. 

In  the  second,  the  (in  ore  is  fused  in  a  blast  furnace,  called  a  blowing-b erase,  mpplM 
with  wood  charcoal.  This  method  is  practised  in  only  a  few  works,  in  onler  to  obuin  a 
vtrf  pure  quality  of  (in,  called  gram  lin  in  England,  and  tlatn  n  larmu  in  France ;  a 
asatal  reqnired  for  certain  arts,  as  dyeing,  kc.    This  method  is  applied  merely  to  stream 

IM. 

In  the  tnuUing-hoatti,  where  the  lin  it  worked  in  rcrerberatories,  two  Unds  of  fhrna- 
•n  are  empktyed ;  the  reduction  and  (he  r^ning  ftamacet. 

Figt.  1161,  ildl,  repreteol  the  (bmaces  for  smelting  tin  at  SL  Anstle,  In  Connvalli 
the  former  being  a  hmgitndlnal  sectioa, 
the  latter  a  ground  plan,  o,  is  (he  flra- 
door,  Ibrongh  which  pitcoal  is  laid  upoK 
thegrateft,-  c,  is  the  fire-bri^e;  d,  the 
door  for  inlroducing  the  ore;  (,  the  door 
through  which  the  ore  ii  worked  upok 
the  heulh/;  g,  the  ttoke-bolc;  t,  an 
aperture  in  the  vault  or  roof,  iriiieh  ia 
opened  at  (he  discharge  of  the  waste 
•ehlieh,  to  aecitte  Ihe  fnt  eieape  of  tha 
fumeanp  (heehimney;  i,  i,  airchanneli 
fur  admi(ting  cold  air  under  the  fire- 
bridge and  the  sole  cf  the  hearth,  with 
the  view  of  protecting  them  from  injaiy 
by  the  intensity  of  the  heal  above.  k,i 
are  basins  into  which  the  melled  tin  II 
drawn  iX;  I.  the  Hue;  m,  (he  chimneT< 
from  35  lo  SO  fee(  high.  The  roailed 
and  washed  schlleh  is  mixed  with  sdmU 
coal  or  culm,  along  with  a  little  staked 
.  IT  fiuor  spar,  as  a  flax;  ead 
charge  of  ai«  amounts  to  from  IS  to  Z4 
ewts.,  and  contains  fVom  60  to  70  pw 
cent,  of  metal. 
Fig.  1 193  re prewnu  in  a  venical  lea- 
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ftr  mieltiDft  tin  at  the  Erte^birce  ai'mrr,  in  S*iDnj.     a,  are  Ibe  rnrBaee  riHani,  rf 
gnein;  i,l, ue  riuoodin;  oc  catini  wiill«;  c,  ibc  lajtre  wall)  i,  fnmt  wall,  bnih  rf 
ItianilPi  »  a1«o  Ihe  tujircc.  /,  (he  Kilc^lonr,  oTdraniip,  hrw* 
]]53  out  b(uin-al»p«l  i  g,ibt  tyt,  lhn>a|th  which  ibe   lin  aad  ilu 

are  drawn  uH  inio  ihe  rure-lmrth  h ;  i,  Ihe  Midie-branb ;  It,  i, 
the  light  atA  chnmbeir;  /,  ihe  arch  oT  the  loj-ftre;  w,  a^lki 
Mmmoa  flar, wlikh  ia  F>l*enl  onderlhe  funaee  aad  the  hcaitki 
■nd  ha*  iu  outkl  under  the  trqU  oTlhe  lajkr*. 

In  Ihe  KmelliBK  rurnacen  at  Gr^pr,  Ibe   rolhiwinc   iliiui awi 
»re  prererreii: — Lcnflh   oT  (he  luyire  wall,   II  ineka;  of  A* 
breait  wall,  1 1  iaeh»j  depth  oT  the  farnaCF,  17  inebet^     Hatk 
thimney-iialks  are  ailraniaceauii  where  a  great  qoaalil)'  (foni 
it  to  be  redDseil,  bat  not  otherwiw. 
The  r^aing/mnaca  are  liniilar  to  tboac  wbicb  *mT«  Icr  i» 
JocinK  Ibeorc;  oalr,  inMnd<f( 
1154  bafia  of  re«ef>lii>n,  tber  baie  l 

refinini  ba«ln  placed  aloBpai^ 
into  whrch  the  tin  ia  roo.  Ttk 
baoB  a  ab(iDt  fuar  feel  ia  di*a» 
Irr,  and  thirtf-lwo  inehe*  decf; 
It  eoniipl*  of  an  iron  pan,  plMcd 
OTer  a  «rale,  in  which  a  6ie  aq 
be  kindM.  Above  tfaii  paa  ikcn 
DBlnrnini  iib,br  inminf  i/whieh 
a  billet  or  wind  maj  br  lhn« 
down  into  the  baih  oT  mela),  «al 
hepi  (here  bj  wbeeliog  Ibe  filM 
«Ter  it,  lowering  a  rod,  and  fixini  it  in  that  (loeilion. 

Tbe  work*  in  which  Ihe  bla<l  furniees  arc  emplnyed,  are  called  Uneimi-hoKta.  Tt* 
Hnellio*  furnaces  are  sii  tre\  hiKh,  fnim  Ihe  bollom  ut  the  crucible  (concaTc  beanh)  la 
the  lb  mat,  which  is  jilaced  at  Ihf  orisin  nf  a  K.na  and  narrow  eh  imner,  inlermpted  bft 
chamber,  where  the  melallic  dusi,  carried  olT  by  llie  blast,  is  deiwsitrd.  lliia  ehanbrf 
b  nol  placed  vertically  over  Ihe  rurnace;  but  the  lower  ponlon  of  Ihe  chimney  batn 
oblique  direction  Trom  iU  The  Tumacc  if  lined  with  an  npri'^hi  r>  limlrr  of  cast  irda, 
coaled  internally  with  kwm,  with  an  openini  in  it  (or  the  blast.  Tliis  openiat,  wbidi 
corresponds  lo  ihe  laleial  taer  opposite  Id  Ihe  chanini  side,  receives  a  tuftrt,  in  whkk 
the  noules  of  two  cylinder  sincle  beliow^  di  iven  by  a  walel- wheel,  are  planted.  Tltt 
(ajH*  opens  al  a  small  height  above  the  •oleoflhe  furnace.  On  a  level  whh  IheHle, 
tbe  iron  cylinder  presents  a  »1ope,  below  which  is  (he  hemispberical  basin  oT  receplio^ 
tet  partly  beneaih  Ihe  interior  space  nTlhe  farnaee.and  rarll)'  wilhonl.  A'rar  IhecorBtr 
of  the  bnildini  there  is  a  second  basin  of  reception,  larxer  ihan  the  first,  which  can  dla- 
chanie  itself  into  the  former  by  a  slopinE  gutter.  Near  Ibis  basin  there  it  anolher,  fbi 
At  refining!  operation.     These  are  sll  made  either  of  brick  ot  east  iron. 

Tbe  quality  of  the  averaie  Rroand-lin  ore  prepared  for  imellint  is  such,  (hat  S!0  paltl 
at  il  yield  from  13}  la  13  of  metallic  lin,  (63t  to  65  per  cent.)  Tbe  trcauaem  coaaA 
•T  two  operations,  nniitmt  and  rt/inmr. 

ftrsf  optration;  dmxydhalion  of  Ihi  on  andfttimof  Iht  fw. — Before  throwinitte 
ere  into  the  Fineliina  furnace,  it  is  mixed  wiih  from  one  linh  tn  one  eiihlh  of  iu  weifll 
oTUmd  coaJ,  in  powder,  called  n/m;  and  a  lillle  slaked  lime  is  sometimes  added,  lo  ita- 
der  the  ore  more  fusible.  These  msllers  are  earefnlly  blended,  and  damped  with  waltr, 
to  render  the  charginv  easier,  and  lo  prevent  (he  hlasl  from  sweeplni  any  of  il  aaay  al 
the  commencement.  From  12  li>  16  cwts.  are  introduced  at  a  charge  ;  and  the  doonan 
linmedialeir  cloeed  and  luted,  while  the  heal  is  progressively  laised.  Were  the  InM 
•trong  al  first,  the  lin  oxyde  would  unite  with  the  qaarti  of  (he  gan^ue,  and  farm  ai 
enamel.  The  heal  is  applied  for  6  or  S  hours,  durinz  which  ibe  doors  are  not  opcaed; 
id'  course  the  maleiiali  are  not  stirred.  By  ibis  lime  Ihe  reduction  is,  in  general,  faiih- 
ed ;  the  door  of  the  furnace  is  removed,  and  Ihe  melled  mnss  is  worked  op  la  coaiplelt 
Ibe  separation  of  ihc  tin  from  the  scorix,  and  to  ascertain  if  (be  operation  be  in  taSeieal 
Ibrwaidnets.  When  the  reduction  seems  lo  be  finished,  the  scoriE  are  taken  oat  at  tht 
tame  door,  with  an  iron  rake,  and  divided  inlo  three  sorts;  (bote  of  (he  firat  elaa  a, 
which  contLitute  al  least  three  fourlhi  of  Ihe  whole,  are  at  poor  as  pottible,  and  may  b* 
thrown  away ;  Ihe  scoriE  of  Ibe  second  class  a,  which  contain  tome  small  ciains  of  ti% 
■re  sent  (o  the  slampa;  those  of  Ihe  Ihiid  class  c,  which  ai^  last  removed  from  (he  sat- 
flice  of  Ihe  bath  of  lin,  are  set  apart,  and  re  amelied,  at  eontaininc  a  coasiderable  qaaa- 
lity  of  metal  in  ihe  fono  of  icrain  tin.  These  scorin  are  in  small  qaanlilf.  Tbe  ttaap 
ilu  eontaiat  fulljr  five  per  cent,  of  melallic  tin. 
As  HMit  at  iha  •coriM  are  cleared  awaf,  tbe  cbannel  it  opened  which  U^  to  iha 
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tiasia  of  reception,  into  which  the  tia  conseqaenlly  flows  out.  Here  it  is  left  for  some 
lime,  that  the  scoriae  which  may  be  slill  mixed  wiib  the  Aelal,  may  separate,  in  virtue 
of  tiie  diil'ereuce  uf  their  specihe  gravities.  When  the  tin  has  sulhciently  settled,  it  is 
liAed  uat  with  ladles,  and  iioured  into  cast-iron  moulds,  in  each  of  which  a  bit  of  wood  is 
fixe  J,  to  furm  a  hole  in  the  ingut,  for  the  purpose  of  drawing  it  out  when  it  becomes  cold. 

RejouHg  of  itn. — The  object  of  Ibis  operation  is  to  separate  from  the  tin,  as  completely 
«s  possible,  the  metals  reduced  and  alloyed  along  with  it.  These  are,  principally,  iron, 
cupper,  ai-senic,  and  tungsten ;  to  which  are  joined,  in  small  quantities,  some  sulpbureit 
«ad  arseniurets  that  have  escaped  decomposiiiun,  a  little  unreduced  oxydeof  tin,  and  also 
tome  earthy  matters  which  have  not  passed  oti'  with  the  scoris. 

LiqiuUion, — The  refining  of  tin  consists  of  two  opeialiuns;  the  first  being  m  liquation, 
which,  in  the  interior,  is  etf ected  in  a  reverberaiory  furnace,  similar  to  that  employed  in 
smelling  the  ore,  {Jigs,  1151,  1152.)  The  blocks  being  arranged  on  the  hearth  of  the 
furnace,  near  the  bridge,  are  moJeraiely  heated ;  the  tin  melts,  and  flows  away  into  the 
re&uing-basin ;  but,  after  a  ceitain  lime,  the  blocks  cease  to  allbrd  tin,  and  leave  on  the 
hearth  a  residuum,  consisting  of  a  very  ferruginous  alloy. 

Fresh  tin  blocks  are  now  arranged  on  the  remains  of  the  first;  and  thus  the  liquatlos 
is  continued  till  the  refiniog-basin  be  sufficiently  full,  when  it  contains  about  five  tons. 
The  residuums  are  set  aside,  to  be  treated  as  shall  be  presently  iM>inted  out. 

RejiHing  jrtvper, — Now  begins  the  second  part  of  the  process.  Into  the  tin-bath, 
billets  of  green  wood  are  plunged,  by  aid  of  the  gibbet  above  described.  The  dis- 
engagement of  gas  from  the  green  wood  produces  a  constant  ebullition  in  the  tin ; 
bringing  up  to  its  surface  a  species  of  froth,  and  causing  the  impurest  and  densest 
parts  to  fall  to  the  bottom.  That  froth,  composed  almost  wliolly  of  the  oxydes  of 
tin  and  foreign  metals,  is  successively  skimmed  olf,  and  thrown  back  into  the  furnace. 
When  it  is  judged  that  the  tin  has  boiled  long  enough,  the  green  wood  is  liAed  out,  and 
the  bath  is  allowed  to  settle.  It  se|>arates  into  did'erent  zones,  the  upper  being  the 
purest ;  those  of  the  middle  are  charged  with  a  little  of  the  foreign  metals ;  and  the" 
lower  are  much  contaminated  with  them.  When  the  tin  begins  to  cool,  and  when  a 
more  complete  separation  of  its  ditferent  qualities  cannot  be  looked  for,  it  is  lif\ed  out  in 
ladles,  and  iioured  into  cast-iron  moulds.  It  is  obvious,  that  the  order  in  which  the  suc- 
cessive blocks  are  obtained,  is  that  of  their  purity;  thobe  formed  from  the  bottom  of  the 
basin  being  usually  so  impure,  that  they  must  be  subjected  anew  to  the  refining  process, 
as  if  they  had  been  directly  smelted  fiom  the  ore. 

Tbe  refining  o|>ennion  takes  5  or  6  liours;  namely,  an  hour  to  fill  the  basin,  three  honis 
to  boil  I  he  till  with  the  green  wood,  and  from  one  to  two  hoursi  for  the  subsidence 

Sometimes  a  simpler  operation,  called  totiitig,  is  substituted  for  the  above  artificial 
ebullilioo.  To  edect  it,  a  workman  liAs  some  tin  in  a  ladle,  and  lets  it  fall  back  into 
the  boiler,  from  a  considerable  height,  so  as  to  agitate  the  whole  mass.  He  continues 
this  manipulation  for  a  certain  time;  aAer  which,  he  skims  with  care  the  surfuce  of 
the  bath.  The  tin  is  afterwards  poured  into  moulds,  unless  it  be  slill  impure.  In  this 
case,  the  separation  of  the  metals  is  completed  by  keeping  the  tin  in  a  fused  state  in  the 
boiler  for  a  certain  period,  without  agitation ;  whereby  the  upper  portion  of  the  bath  (at 
least  one  halO  is  pure  enough  for  the  markeL 

The  moulds  into  which  the  tin  blocks  are  cast,  are  usually  made  of  granite.  Their 
capacity  is  such,  that  each  block  shall  weigh  a  little  more  than  three  hundred  weights. 
This  metal  is  called  block  tin.  The  law  requires  them  to  be  stamped  or  coined  by  public 
ofilcers,  before  being  exposed  to  sale.    The  purest  block  tin  is  called  refined  tin. 

I'he  treatment  just  detailed  gives  rise  to  two  stanniferous  residuums,  which  have  to 
be  smelted  again.    These  are —  * 

1.  'llie  scoriae  b  and  c,  which  contain  some  granulated  particles  of  tin. 

2.  The  dross  found  on  the  bottom  of  the  reverberatory  furnace,  aAer  re-melting  the  tin 
to  refine  it. 

The  scoriae  c,  are  smelted  without  any  preparation ;  but  those  marked  s,  are  stamped 
in  the  mill,  and  washed,  to  concentrate  the  tin  grains ;  and  from  this  rich  mixture,  called 
prWwiij  smelted  by  itself,  a  tin  is  procured  of  very  inferior  quality.  This  may  be  readily 
imagined,  8ince  the  metal  which  forms  these  granulations  is  what,  being  less  fusible  than 
the  pure  tin,  solidified  quickly,  and  could  not  flow  ofl'  into  the  metallic  bath. 

Whenever  all  the  tin  blocks  have  thoroughly  undergone  the  process  of  liquation,  the 
fire  is  increased,  to  melt  the  less  fusible  residuary  alloy  of  lin  with  iron  and  some  other 
metal?,  and  this  is  run  out  into  a  small  basin,  totally  distinct  from  the  refining  basin* 
After  this  alloy  has  reiiosed  for  some  lime,  the  upper  portion  is  lifted  out  into  block 
moulds,  as  impure  lin,  which  needs  to  be  refined  anew.  On  the  bottom  and  sides  (»f  the 
basin  there  is  deposited  a  white,  brittle  alloy,  with  a  crystalline  fracture,  which  contaias 
so  great  a  proportion  of  foreign  metal»,  thil  no  use  can  be  made  of  it.  About  three  and 
a  half  tons  of  coal  are  consumed  in  producing  2  of  lin. 

SmiUiMg  0/  iim  by  ih$  blatt  /•naa, — This  mode  of  redaction  employs  only  wood 
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diareoal,  and  its  oVject  is  to  obtain  tin  of  the  maximiim  purity  to  which  it  earn  be 
by  manuractoring  proceftseA  The  better  ores  of  the  stream-works,  and  the  finer  tin : 
are  selected  for  this  operation.  The  washings  being  always  well  periunncd,  the  ozyde 
of  tin  is  exempt  from  every  arsenical  or  sulphurous  impurity,  and  is  associated  with  ■»• 
thing  but  a  little  hematite.    It  is  therefore  never  calcined. 

The  smelling  is  effected  without  addition ;  only,  in  a  few  cases,  some  of  the  resiiaaiy 
matters  of  a  former  operation  are  added  to  the  ore.  About  a  ton  and  six  teaihs  of  wssd 
charcoal  are  burned  for  one  ton  of  fine  smelted  tin.  The  only  rule  is,  to  keep  the  Ibivaca 
always  full  of  charcoal  and  ore.  The  revived  tin  is  received  immediately  in  the  Inl 
basin ;  then  run  off  into  the  second,  where  it  is  allowed  to  settle  for  some  time.  Tht 
scorie  that  run  off  into  the  first  basin,  are  removed  as  soon  as  they  &ii.  These  scoriB 
are  divided  into  two  classes;  namely,  such  as  still  retain  tin  oxyde,  and  sochaskaU 
none  of  the  metal  in  that  state,  but  only  in  granulations.  The  metallic  bath  is  divided, 
by  repose,  into  horizontal  zones,  of  different  degrees  of  purity ;  the  more  eonpoaad  sm 
denser  matters  falling  naturally  to  the  bottom  of  the  basin.  The  tin  which  forms  the  m> 
perior  zones,  being  judged  to  be  pure  enough,  is  transvased  by  ladles  into  the  refiaia| 
basin,  previously  heated,  and  under  which,  if  it  is  of  east-iron,  a  moderate  fire  is  applied. 
The  tin  near  the  bottom  of  the  receiving  basin  is  always  laded  ont  apart,  to  he  agaii 
smelted ;  sometimes,  indeed,  when  the  furnace  is  turning  out  very  impure  tin,  none  of  il 
is  transvased  into  the  second  basin ;  but  the  whole  is  cast  into  monkis,  to  be  again  Irotted 
in  the  blast  furnace. 

In  general  they  receive  no  other  preparation,  but  the  green  wood  ebullition,  heftre 
passing  into  the  market.  Sometimes,  however,  the  block  of  metal  is  heated  till  it  be- 
comes brittle,  when  il  is  lifted  to  a  considerable  height,  and  let  fall,  by  which  it  is  hrokea 
to  pieces,  and  presents  an  agglomeration  of  elongated  grains  or  ttar$  ;  whence  it  is  catted 
grain  tin. 

On  making  a  comparative  estimate  of  the  expense  by  the  Mcwhig-hruM  process,  sad 
by  the  reverberatory  furnace,  it  has  been  found  that  the  former  yields  about  66  per  cent, 
of  tin,  in  smelting  the  stream  or  alluvial  ore,  whose  absolute  contents  are  from  75  to  78 
parts  of  metal  in  the  hundred.  One  ton  of  tin  consumes  a  ton  and  six  tenths  of  wosd 
charcoal,  and  suffers  a  loss  of  15  per  cent.  In  working  with  the  reveiberatory  faraac^ 
it  is  calculated  that  ore  whose  mean  contents  by  an  exact  analysis  are  70  per  cent.,  yields 
65  per  cent,  on  the  great  scale.  The  average  value  of  tin  oie,  as  sold  to  the  smelter,  is 
60  pounds  sterling  per  ton ;  but  it  fluctuates,  of  course,  with  the  market  prices.  la  J8H 
the  ore  of  inferior  quality  cost  30/.,  while  the  purest  sold  for  60^*  One  toa  of  taa,oh-> 
tained  from  the  reverberatory  furnace,  cost — 

1 1  tons  of  ore,  worth        - £75     0    0 

1 1  tons  of  coals,  at  10«.  per  ton         ....  0  17     6 

Wages  of  labor,  ioierest  on  capita],  &c.    ...  300 

78  17     6 

On  comparing  these  results  with  the  former,  we  perceive  that  in  a  6/otri«g4o«jf  the 
loss  of  tin  is  15  per  cent.,  whereas  it  is  only  5  in  the  reverberatory  furnace.  The  ex- 
pense in  fuel  is  likewise  much  less  relatively  in  the  latter  process ;  for  only  1{  teas  of 
coals  are  consumed  for  one  ton  of  tin  ;  while  a  ton  and  six  tenths  of  wood  charcoal  are 
burned  to  obtain  the  same  quantity  of  tin  in  the  blowing-house ;  and  it  is  admitted  that 
one  ton  of  wood  charcoal  is  equivalent  to  two  tons  of  coal,  in  calorific  effect.  Hence  evciy 
thing  conspires  to  turn  the  balance  in  favor  of  the  reverberatory  plan.  The  operatioa 
is  also,  in  this  way,  much  simpler,  and  may  be  carried  on  by  itself.  The  scorise,  besidei^ 
from  the  reverberatory  hearth,  contain  less  tin  than  those  derived  from  the  same  ores 
treated  with  charcoal  by  the  blast,  as  is  done  at  Allenberg.  It  most  be  remembered,  how- 
ever, that  the  grain  tin  procured  hy  the  charcoal  process  is  reckoned  to  be  finer,  and 
fetches  a  higher  price;  a  superiority  partly  due  to  the  purity  of  the  ore  redicedyaid 
partly  to  the  purity  of  the  fuel. 

To  test  the  quality  of  tin,  dissolve  a  certain  weight  of  it  with  heat  in  muriatic  add: 
should  il  contain  arsenic,  brown-black  flocks  will  be  separated  during  the  solution,  and 
arseniureted  hydrogen  gas  will  be  disengaged,  which,  on  being  burned  at  a  jet,  will 
deposile  the  usual  gray  film  of  metallic  arsenic  upon  a  while  saucer  held  a  little  way 
above  the  flame.  Other  metals  present  in  the  tin  are  to  be  sought  for,  by  treating  the 
above  solnliun  with  nitric  acid  of^spec.  grav.  1*16,  first  in  the  cold,  and  at  last  with  heat 
and  a  small  excess  of  acid.  When  the  action  is  over,  the  supernatant  liquid  is  to  be  d» 
canted  off  the  peruxydized  tin,  which  is  to  be  washed  with  very  dilute  nitric  acid,  and  bo^ 
liquors  are  to  be  evaporated  to  dissipate  the  acid  excess.  If,  on  the  addition  of  watet 
to  the  concentrated  liquor,  a  white  powder  falls,  it  is  a  proof  that  the  tin  contaiat 
bismuth ;  if  on  adding  sulphate  of  ammonia,  a  white  precipitate  appears^  the  tin  coa> 
tains  lead ;  water  of  ammonia  added  to  tupersatnration,  will  occaaiQa  reddiil^brawi 
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flocks,  if  iron  is  present ;  and  on  evtponting  the  supernatant  liquid  to  dryness,  the  eopper 
Will  be  obtained.  * 

The  uses  of  tin  are  very  numerous.  Combined  with  copper,  in  different  proportions^ 
it  forms  bronze,  and  a  series  of  other  useful  alloys;  for  an  account  of  which  see  Coppbb. 
With  iron,  it  forms  tin-plate ;  with  lead,  it  constitutes  pewter,  and  solder  of  Tarioiit 
kinds*  (See  Lead.)  Tin-foil  coated  with  quicksilver  makes  the  reflectin^r  surface  of  glass 
■lirrors.  (See  Glass.)  Nitrate  of  tin  affords  the  basis  of  the  scarlet  dye  on  wool,  and 
^  many  bright  colors  to  the  calico-printer  and  the  cotton-dyer.  (See  Scarlet  and  Tm 
MoADANTS.)  A  compound  of  tin  with  gold  gives  the  fine  crimson  and  purple  colon  to 
•taioed  glass  and  artificial  gems.  (See  Purple  op  Cassius.)  Enamel  is  made  by  fusing 
OKjde  of  tin  with  the  materials  of  flint  glass.  This  oiyde  is  also  an  ingi^edient  in  the 
«ftile  and  yellow  glazes  of  pottery-ware. 

An  Account  of  Tin  coined  in  Cornwall  and  Devon,  from  1817  to  1829,  inclusive  >-— 


Tears. 

Blocks. 

Tons. 

Yean. 

Blocks. 

Tons. 

1817 

25,379 

4,120 

1824 

28,602 

4,819 

1818 

23,048 

.3,745J 

1825 

24,902 

4,170 

1819 

18,881 

3,065 

1826 

26,299 

4,406 

1820 

17,084 

2,7731 

1827 

31,744 

5,316 

1821 

19,273 

3,128 

1828 

28,179 

4,696 

1822 

18,732 

3,137 

1829 

26,344 

4^96 

1823 

24,077 

4,031 

Tin  imported. 
Doty,  50*.  per  cwt. 

Tin  exported. 

Tin  imported. 
Duty,  504.  per  cwt 

Tin  exported. 

1827 
1828 
1829 
ia30 
1831 

Vmt. 
2,217 
3,386 
2,674 
15,539 
8,099 

CmiM. 
2,938 
3,258 
2,581 
10,426 
12,226 

1832 

1833 
1834 
1835 
1836 

Cwt$. 

29,203 
35,124 
46,769 
17,705 
23,236 

Cwt$. 
21,720 
39,850 
46,685 
23,796 
17,231 

The  principal  importations  are  from  the  Elast  India  Company's  territories  and  Ceyloa  i 
they  amounted  in  1832  to  24,585  cwts.;  in  1833  to  27,928;  in  1834  to  33,611;  in  1835 
lo  10,104;  and  in  1836  to  17,729.  From  Sumatra  and  Java  1961  cwts.  were  Imported 
Ib  1832,  and  1 145  in  1834,  but  in  the  other  years  greatly  less. 


Declared  value  of  tin ' 
and  pewter  wares 
and  tin-plates  ex- 
ported in — 


18S7. 
302,255/. 

1898. 
266,651/. 


I88Q. 
235,178/. 

1830. 
249,657/. 


1831. 
239,143/. 

1839. 
243,259/. 


1&13. 
282,176/. 

1834. 
337,056/. 


18SS. 
381,076/. 

1836. 
387,961/. 


Of  these  goods,  from  two  fiilhs  to  three  fiAhs  go  to  the  United  States  of  America. 

Abstract  of  Tin  coined  in  Cornwall  and  Devon,  in  the  year  ending  Jane  30, 1836| 

from  the  Mining  Beview,  vol.  iii. 


fimmltmrm. 

Bincks  of  Grain 
Tin. 

Bloekeof  Com- 
noB  Tin. 

Totals. 

1834. 

1835. 

1834.* 

1835. 

1834. 

1835. 

Daubuz  and  Co.      -        .        •        . 

728 

876 

6114 

4494 

6842 

5369 

Grenfell  and  Boase      ... 

344 

196 

3776 

3097 

4120 

3293 

Boliiho  and  Sons    .... 

229 

153 

3829 

3099 

4058 

3252 

R.  andJ.  Michel] 

101 

75 

709 

575 

810 

650 

Wheal  Vor  Adventurers  -        -        - 

— 

— 

3925 

4069 

3925 

4069 

Taylor,  Sons  and  Co.  -        •        • 

— 

112 

— 

1250 

._ 

1362 

John  Batlen  and  Son       ... 

28 

49 

2352 

2351 

2380 

2400 

Joseph  Came      -        -        -        • 

— ' 

— 

896 

851 

896 

861 

William  Cornifsh     -        -        .        - 

— 

— . 

622 

674 

622 

674 

Gill  and  Co.  (at  Morwelham) 

— 

.1— 

758' 

— 

758 

.-. 

Diilo        (at  Calstock) 

60 

— . 

605 

— 

665 

.— 

Rnndle,  Paul  and  Co.  ... 
Total    -        -        -        - 

— 

12 

— 

1545 

— 

1557 

\Aon 

1472 

2:i5«6 

21905 

25076 

23377 

Total,  in  1834, 4180  tons;  In  1836, 3899  Com.    (6  blocks  r=  1  ton.) 


1258  TIN-PLATE. 

TINCAL.  enide  borax. 

TINC'I  ORIAL  MA'Jn*£R.  One  of  the  mon  carious  and  Yalaable  ftett  tNfrtiiMi 
upon  this  suhject,  is,  tlial  madder  kept  in  casks,  in  a  waim  place,  undergoes  a  S)«cktof 
fein.entation,  which,  by  lipenine,  or  rather  deoxydizing  the  colorine-mattefy  incrtates  ill 
dyeine  pnwer  by  no  Jtss  than  fnim  20  to  50  per  cent.  See  M. H.  Sch]au.beiger*8 
read  in  the  SociUe  hiduatrutlt  de  MtUhuuxen,  24  November,  1837. 

'JINC'IUHE  is  a  title  used  by  a|>othecaiies  to  designate  alcohol,  in  a 
dilute  siRte,   impregnated  with  the  active  principles  of  either  vegetable  or  aainil 
subsinnces. 

'i  IN-GL  AFS  is  a  name  of  bismuth. 

UN  WOKDANTS,  for  dyeing  scarlet:— 

MonlmU  a,  as  c(  mmonly  made  by  the  dyers,  is  composed  of  8  parts  of  aqiaioitis,  1 
{vart  of  common  salt  or  sal  ammoniac,  and  1  of  granulated  tin.  This  preparatioa  b  tot 
unctrtain. 

Mcrduiit  B. — Ponr  into  a  ela«s  ^lohe,  with  a  lone  neck,  3  parts  of  pure  nitric  acid  it 
30°  B. ;  and  1  pait  (f  muriajic  acid  at  17°;  shake  the  globe  gently,  avoiding  Ihecono- 
sive  vapors,  and  put  a  loose  stopper  in  its  mouth.  Throw  into  this  nitro-mnriatie  add 
one  eighih  i  f  its  weight  of  pure  tin,  in  small  bits  at  a  time.  When  the  solution  iseiB- 
pleie,  and  fettled,  dfcant  it  into  bottles,  and  close  them  with  ground  stoppers.  It  sbooU 
be  diluted  only  when  about  to  be  used. 

Mordant  c/by  Dambonrnfy  — In  two  drachms  Fr.  (144  grs.)  of  pure  muriatic  icid,dis> 
solve  18  craiiis  of  Malacca  tin.  This  is  reckoned  a  gooid  mordant  for  brighteniog  or 
iixinc  the  ctdor  of  i>each\vnod. 

Mordaiit  p.  by  Hellot. — Take  8  ounces  of  nitric  acid,  diluted  with  as  much  water; 
dissolve  in  it  half  an  ounce  of  sal  ammc  niac,and  2  drachms  of  nitre.  In  thisaekl  solaiiM 
dissolve  one  ounce  of  granulated  tin  of  Cornwall,  observing  not  to  put  in  a  fresh  pieei 
till  the  prereding  l>e  dissolved. 

Mord'ifU  K,  by  ScheHer. — Dissolve  one  part  of  tin  in  four  of  a  nitro-muriatic  iciil,  ]*»• 
pared  wiih  nitric  acid  diluted  with  its  own  weight  of  water,  and  one  thirty-seeftadtk  cf 
sal  amiiioniac. 

Morduvi  F,  by  Poerner. — Mix  one  pound  of  nitric  acid  with  one  pound  of  water,  nd 
dissolve  in  it  an  ounce  and  a  half  of  sal  ammoniac.  Stir  it  well,  and  add,  by  very  dsf 
degrpfs,  two  ounces  of  tin  turnetl  into  thin  libands  upon  the  lathe. 

Mordant  g,  by  Berihollel. — Dissolve  in  niiricacid  of  30°  B.  one  eiehlh  of  itswright 
of  sal  ammoniac,  then  add  by  decrees  one  eighth  of  its  weight  of  tin,  and  dilute  the  sols* 
tion  with  one  fourth  of  its  weight  of  water. 

Mordant  k,  b\  Dnmbonrnpy. — In  one  drachm  (72  grs.)  of  muriatic  acid  at  17^,  naeof 
nitric  ncid  nt  ?0°.  and  18  grains  of  water,  di>solve,  slowly  and  with  some  heat,  18  gititf 
of  fine  Malacca  tin. 

Moidant  l  is  the  birch  bark  prescribed  by  rambourney.— ^This  bark,  dried  and  grmnd, 
i«  said  to  be  a  very  vnhinble  substance  for  fixing  the  otherwise  fugitive  colors  prodtKtd 
by  wi'cds.  ro<»l5s,  archil,  &,c. 

I'lN-PLATF.  1'he  only  alloy  of  iron  interesting  to  the  arts  is  that  with  tin,  in  ite 
formation  of  tin-plate  or  vrhite-vvn. 

The  sheet  iron  in1ende<l  for  this  manufnclure  is  refined  with  charcoal  instead  of  cokf^ 
subsequently  rolled  to  various  decrees  of  thinness,  and  cut  into  rectantles  of  diffcmt 
sizes,  by  mrnns  of  a  shearine-machine  driven  by  a  water-wheel,  which  will  turn  ontHNI 
bcxes  a  «'ny,  or  four  times  the  number  cut  by  hand  labor.  The  first  step  towards  lit* 
nine  is  to  Ore  the  metallic  sin  face  from  exery  particle  of  oxyde  or  impurity,  for  any  ttA 
would  ineviiflhiy  prevent<(ho  iit)n  from  aIIo>ing  with  the  tin.  The  plates  are  next  best 
separately  by  hand  into  a  saddle  or  ^  shape,  and  ranged  in  a  reverberatory  oven,  so  tkit 
the  flniT-e  n>«y  play  freely  amone  th»m,  and  heat  them  to  redness.  Ihey  are  tki 
pinnsed  into  a  bath,  com|o^ed  of  four  pounds  of  muriatic  acid  diluted  with  three  talkM 
of  water,  for  a  few  minutes,  taken  out  and  drained  on  the  floor,  and  once  moreexfOMd 
to  ieniiion  in  a  furnace,  whereby  they  are  scaled ^  that  is  to  say,  cast  their  scales.  Tbt 
above  bath  will  suffice  for  scaling  'h6o  plates.  "When  taken  ont,  they  ore  beat  level  sad 
sirooth  on  a  cast-inn  block,  afier  which  they  appear  mottled  blue  and  white,  if  the 
icalhfr  has  been  thoroughly  done.  They  are  next  passed  throufih  chilled  rolls  or  csil- 
iron  cylinders,  rendered  very  hard  by  being  cast  in  thick  iron  moulds,  as  has  beea  kag 
practi«ed  by  the  Scotch  founders  in  cast  in?  bushes  for  cart-wheels.  AAer  this  pioeetf 
of  rold  ro'/twsr,  the  plates  are  immersed,  for  ten  or  twelve  hours,  in  an  acidulous  ley» 
made  by  fe-mentine  bran-water,  takine  care  to  set  them  separately  on  edce,  and  to  till 
them  at  lenst  once,  so  that  each  may  receive  a  due  share  of  the  operation.  Fron  Ik* 
ley-steep  they  are  transferred  into  a  leaden  troush,  divided  by  partitions,  and  charted  vtlfc 
dilnte  sulphuric  acid.  Fach  compartment  is  callefl  a  hole  by  the  workmen,  and  is  caltf 
lated  to  receive  about  225  plate*,  the  number  aHerwards'  packed  up  locether  in  a  Ilii 
In  this  liquid  they  are  agiuied  about  an  hour,  till  thej  become  peifeetly  hrighl,  aad  flu 
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Irom  snch  black  spots  as  might  stain  their  surface  at  the  time  of  immersion.  This  firo- 
cess,  called  pickling,  is  both  delicate  and  disagreeable,  requiring  a  good  workman,  at  high 
irages.  The  temperature  of  the  last  two  sleeps  should  he  at  least  9(f  or  lOO**  F.,  which 
It  kept  up  by  stoves  in  the  apartments.  The  plates  are  finally  scoured  with  hemp  and 
■and  in  a  body  of  water,  and  then  put  aside  for  use  in  a  vessel  of  pure  water,  under 
which  they  remain  bright  and  fiee  from  rust  for  many  months,  a  very  remarkable  cir- 
Camslance. 

The  tinning  follows  these  preparatory  steps.  A  range  of  rectangular  cast-iron  pots 
li  set  over  a  fire-Aue  in  an  apartment  called  the  siow,  the  workmen  stationing  themselves 
opposite  to  the  narrow  ends.  The  first  recta nsle  in  the  range  is  the  tin-pot ;  the  second 
is  the  wash-pot,  with  a  partition  in  it;  the  third  is  the  grease-pot;  the  fourth  is  the  pan, 
grated  at  bottom ;  the  fifth  is  the  list-pot,  and  is  greatly  narrower  than  any  of  the  rest : 
they  are  all  of  the  same  length. 

■  The  prepared  plates,  dried  by  rubbing  bran  upon  them,  are  first  immersed  one  by  one 
in  a  pot  filled  with  melted  tallow  alone,  and  are  leA  there  for  nearly  an  hour.  They 
mre  thence  removed,  with  the  adhering  grease,  into  pot  No.  1,  filled  with  a  melted 
mixture  of  block  and  i?rain  tin,  covered  with  about  four  inches  of  tallow,  slightly  car- 
bonized. This  pot  is  heated  by  a  fire,  playing  under  its  bottom  and  round  its  sides,  till 
the  metal  becomes  so  hot  as  nearly  to  inflame  the  grease.  Here  about  340  plates 
are  exposed,  upright,  to  the  action  of  the  tin  for  an  hour  and  a  half,  or  more,  according 
to  their  thickness.  They  are  next  lifled  out,  and  placed  upon  an  iron  grating,  to  let 
the  so|)ertiuous  metal  drain  ofi";  but  this  is  more  completely  removed  in  the  next  process^ 
ealled  washing. 

Into  the  wash-pot  No.  2,  filled  with  melted  grain  tin,  the  workman  puts  the  above 
plates,  where  the  heat  detaches  the  ribs,  and  drops.  There  is  a  longitudinal  partition 
to  it,  for  keeping  the  drop  of  tin  that  rises  in  washing  from  entering  the  vessel  where 
the  last  dip  is  given.  Indeed,  the  metal  in  the  wash-pot,  after  having  acted  on  60  or 
70  boxes,  becomes  so  fool,  that  the  weight  of  a  block  (300  cwts.)  of  it  is  transferred 
into  the  tin-pot,  No.  1,  and  replaced  by  a  fresh  block  of  grain  tin.  The  plates  being 
lifted  out  of  the  wash- pot,  with  tongs  held  in  the  left  hand  of  the  workman,  are  scrubbed 
each  sivle  with  a  peculiar  hempen  brush,  held  in  his  right  hand,  then  dipped  for  a 

»ment  in  the  hot  tin,  and  forthwith  immersed  in  the  adjoining  ?rease-pot,  No.  3.  This 
tequires  manual  dexterity;  and  though  only  three-pence  be  paid  for  brushing  and  tin- 
washin?  225  plates,  yet  a  good  workman  can  earn  six  shillings  and  three-pence  in  twelve 
hours,  by  putting  5625  plates  through  his  hands.  The  final  tin-dip  is  useful  to  remove 
the  marks  of  the  brush,  and  to  make  the  surface  uniformly  bright.  To  regulate  the 
temperature  of  the  taliow-pot,  and  lime  during  which  the  plates  are  left  in  it,  requires 
great  skill  and  circumspection  on  the  part  of  the  workman.  If  kept  in  it  too  long,  they 
would  be  deprived,  to  a  certain  extent,  of  their  silvery  lustre ;  and  if  too  short,  streaks 
flf  tin  would  disfigure  their  surface.  As  a  thick  plate  retains  more  heat  after  being 
Hfted  out  of  the  washing-pot,  it  requires  a  proportionally  cooler  grease-pot.  This  pol 
has  pins  fixed  within  it,  to  keep  the  plates  asunder ;  and  whenever  the  workman  has 
transferred  five  plates  to  it,  a  boy  lifts  the  first  out  into  the  cold  adjoining  pan.  No.  4;  as 
•oon  as  the  workman  transfers  a  sixth  plate,  the  boy  removes  the  second ;  and  so  oo. 
The  manufacture  is  completed  by  removing  the  wire  of  tin  left  on  the  under  edge  of  the 
plates,  in  consequence  of  their  vertical  position  in  the  preceding  operations.  This  is  the 
business  of  the  list^boy,  who  seizes  the  plates  when  they  are  cool  enough  to  handle,  and 

Snts  the  lower  edge  of  each,  one  by  one,  into  the  list-pot.  No.  5,  which  contains  a  very 
ttle  melted  tin,  not  exceeding  a  quarter  of  an  inch  in  degyi.  When  he  observes  the 
wire-edge  to  be  melted,  he  takes  out  the  plate,  and,  striking^  smartly  with  a  thin  stick, 
dietaches  the  superfluous  metal,  which  leaves  merely  a  faint  stripe  where  it  lay.  This 
■lark  may  be  perceived  on  every  tin-plate  in  the  market. 

The  plates  are  finally  prepared  for  packing  up  in  their  boxes,  by  being  well  cleansed 
ftom  the  tallow,  by  friction  with  bran. 

Mr.  Thomas  Morgan  obtained  a  patent,  in  September,  1829,  for  clearing  the  sheet-iron 
plales  with  dilate  sulphuric  acid  in  a  Ao/e,  instead  of  tcaling  them  in  the  usual  way,  pre- 
vious to  their  being  cold  rolled,  annealed,  and  tinned ;  whereby,  he  says,  a  better  article 
is  produced  at  a  cheaper  rate. 

Crystallized  tin-plate,  see  Moibce  Metaluquk.  It  would  seem  that  the  acid  merely 
lays  bare  the  crystalline  slrueture  really  present  on  every  sheet,  but  masked  by  a  film  of 
ffcdundant  tin.  Though  this  showy  article  has  become  of  late  years  vulgarized  by  its 
cheapness,  it  is  still  interesting  in  the  eyes  of  the  practical  chemist.  The  English  tin- 
plates  marked  p  answer  well  for  producing  the  MoirUy  by  the  following  process.  Place 
the  tin-plate,  slightly  heated,  over  a  tub  of  water,  and  mb  its  surface  with  a  sponge 
dipped  in  a  liquor  compose!  of  four  parts  of  aquafortis,  and  two  of  distilled  waler^ 
holling  one  part  of  common  salt  or  sal  ammoniac  in  solution.  Whenever  the  crystal* 
Sae  spangles  seem  to  be  thoroaghly  hronght  out,  the  plate  must  be  immerMd  ia  waler^ 
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«Mhed  rilhtT  with  B  rmbrr  or  •  lUtle  cotton  (likiBf  care  Ml  to  nib  crfT  Ike  fta  < 
ttat  fonot  ihe  rnthirin;!,  rurihirllb  drifd  wiib  «  low  trat,  tnd  coated  with  a  I 
wrniih,  olhrrwiie  il  Imm  it*  ludre  in  Ihp  air.  If  Ihr  wbele  rarTaee  U  not  ploM 
•awe  in  coU  water,  hut  i(  it  be  paniallT  cooled  b;  iprinkling  water  on  it,  the  etr 
aalton  will  be  fine!;  nrie^ied  «itb  large  and  nnall  l!pim.  Similar  reran*  w 
•btaiard  bj  blowins  cold  air  Ilironfih  a  pipe  on  the  tinned  f  nrftce,  while  it  b  jnM  f) 
fioin  the  Tuied  to  Ihe  solid  flale ;  or  a  vnrielj  of  delinealionB  ma;  be  traced,  bj  pi 
tfrer  Ihe  torrace  o(  the  pl'tc  with  the  pointed  flame  of  a  blowpipe. 

The  (iillDWinit  Titiu;  ihowa  the  tererml  tiie«  of  lin-platei,  the  mftika  b;  which  th 
didingniibed,  >od  theii  cunent  wholesale  piicet  in  London:  — 
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Tbete  are  the  caah  pried  of  otie  wholeftle  warebonte  in  Tbamea  lb 
iiatrlj  adjoininft  warehouse  charges  fallr  j>.  more  npoa  the  itandanl  ct,  i 
tllTipnn  the  olhera. 

TtTANtUM  il  a  rare  metal,  diuoTrred  bjr  Elnprolb,  in  neDMbanitc,  in  1794.  R  tM 
been  delected  lince  in  the  Ibrm  of  Knall  cnbei  ti  a  copper-red  color,  in  aome  crf'tbekM 
hmacei  in  Yorkihire.  According  to  Hafiennali,  iu  pretence  in  nual]  qoanlilrdM 
Mt  impair  the  malleabilit]'  or  iron.  Il  is  tci;  brittle,  mi  bard  aa  to  acratcfa  Meel,aiJ 
verf  lilht,  haring  a  specific  gravity  of  only  &'3.  It  will  not  ntelt  in  Ihe  bral  oT  anrh*- 
■ace,  nor  diaaolve,  when  crystallized,  even  in  nilro-roariatic  acid;  but  only  irhra  iate 
powder.  By  calcination  with  nitre,  it  beeumeK  oxyge nalrd,  and  (orxm  lilanatc  of  poHa^ 
TVaces  or  this  metal  miy  be  delected  in  many  irons,  botb  wrought  and  caal.  Tbc  pnfr 
cipaloretortitaniDmarci;;AnK,coninian  and  roliated,nifrlt,iima(,m«Hdk«nft,andad» 
hiiriU  or  pyramiilal  /ifaniw  ore.  None  of  (hem  hai  been  hitherto  applied  lo  any  we. 
Z  TOBACCO.  It  il  aaid  Wat  the  name  Inbacco  waa  giren  by  the  SpuiaMa  to  the  plai^ 
beeaoae  il  waa  flrtt  obserred  by  Ihem  at  Tabasco,  or  Tabaco,  a  province  of  Taealaa  k 
Mexico.  In  1560,  Nieot,  the  French  embauidor  to  Portugal,  having  received  tmt 
tobacco  from  a  Flemiah  merchant,  showed  it,  an  hia  arrival  in  Liabon,  to  the  craad  fnir, 
and,  on  his  relam  into  France,  to  Catherine  of  Medicisj  whence  il  baa  been  caDea 
Nienliana  by  the  botanists.  Admiral  Sir  Francis  Drake,  hating,  on  bis  way  hnae  fna 
the  Spaniah  Main  in  ]fi8<i,  lonched  at  Virginia,  and  broagbl  away  some  ftnkn  rokiaia^ 
b  rcfwiled  lo  have  firat  imported  tobacco  into  England.  Sal,  according  to  Label,  lU( 
plant  wa*  cultivated  in  Britain  befoic  the  year  I5T0  i  and  was  conFomed  byiBokia(H 
pipes  bj  Sir  Waller  Raleigh  and  companions,  so  early  as  Ihe  year  ]bS4. 

The  plants  are  hang  up  lo  dry  during  four  or  five  weeks  i  taken  dowa  ool  of  the  shek 
In  damp  weather,  for  in  dry  Ihey  would  be  apt  lo  crumble  into  piecec ;  ilratiCed  ia  bea|i, 
eonrrd  up,  and  lel\  to  swral  far  a  week  or  two,  according  lo  their  qnatitj  and  the  slala 
•f  the  season;  daring  which  lime  they  mnat  be  examined  frequently,  orened  np,  ail 
taned  orer,  leat  they  become  too  hot,  tike  Ere,  or  rou  into  putreracttve  fennentaiis^ 
ThI*  proeesa  needs  to  be  eondncted  by  skilful  and  rttenliec  operaliTea,  An  i  i  j  i  liiaiil 
Mgfo  can  form  a  sufficiently  aeenraie  jodgmcDt  of  Uia  Icmpcratnre,  1^  ihnuU^  hia  hut 
Ma  iaio  Ihe  heap. 
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Tke  tobacco  thus  prepared,  or  oAen  without  fermentation,  is  sent  into  (he  marlcet ;  but, 
bffbre  beings  sold,  it  must  undergo  the  iQS|>cclion  of  officers,  appointed  by  the  stale  with 
Vtrj  liberal  salaries,  who  determine  ils  quality,  and  brand  an  appropriate  stamp  upon  ilt 
cuks,  if  it  be  sound  ;  but  if  it  be  bad,  it  is  burned. 

Our  respeciabic  tobacconists  are  very  careful  to  separate  all  the  damaged  leaves,  before 
tkcy  proceed  to  their  preparation,  which  they  do  by  spreading  them  in  a  heap  upon  a  stone 
yevement,  watering  each  layer  in  succession  with  a  solution  of  sea  salt,  of  spec.  grav.  1*107, 
•ailed  Mwce,  till  a  ton  or  more  be  laid ;  and  leaving  their  principles  to  react  on  each  other  for 
Ihree  or  four  days,  according  to  the  temperature,  and  the  nature  of  the  tobacco.  It  is  highlj 
probable  that  ammonia  is  the  volatilizing  agent  of  many  odors,  and  especially  of  those 
€$  tobacco  and  musk.  If  a  fresh  green  leaf  of  tobacco  be  crushed  between  the  fingers,  it 
emits  merely  the  herbaceous  smell  common  to  many  plonts ;  but  if  it  be  triturated  in  a 
BMMlar,  along  with  a  little  quicklime  or  caustic  potash,  it  will  immediately  eihale  the 
pecnliar  odor  of  snoff.  Now  analysis  shows  the  presence  of  muriate  of  ammonia  in  this 
pbot,  and  fermentation  serves  further  to  generate  free  ammonia  in  it ;  whence,  by  means 
of  this  process,  and  lime,  the  odoriferous  vehicle  is  abundantly  developed.  If,  on  the  other 
hand,  the  excess  of  alkaline  matter  in  the  tobacco  of  the  shops  be  saturated  by  a  mikl  drj 
aeidy  as  the  tartaric,  its  peculiar  aroma  will  entirely  disappear. 

Tobacco  contains  a  great  quantity  of  an  azotizcd  principle,  which  by  fermentation 
produces  abundance  of  ammonia;  the  first  portions  of  which  saturate  the  acid  juices  of 
tke  plant,  and  the  rest  serve  to  volatilize  its  odorous  principles.  The  salt  water  is  useful 
ehiedy  in  moderating  the  fermentation,  and  preventing  it  from  passing  into  the  putr^ 
fkctive  stage;  just  as  salt  is  sometimes  added  to  saccharine  worts  in  tropical  countries, 
to  temper  the  fermentative  action.  The  sea  salt,  or  concentrated  sea  water,  which  con- 
tains some  muriate  of  lime,  tends  to  keep  the  tobacco  moist,  and  is  therefore  preferable 
to  pore  chloride  of  sodium  for  this  purpose.  Some  tobacconists  mil  molasses  with  the 
lalt  aauee,  and  ascribe  to  this  addition  the  violet  color  of  the  jnacouba  snuif  of  Mar- 
tinique ;  and  others  add  a  solution  of  extract  of  liquorice.  The  following  prescription  is 
that  used  by  a  skilful  manufacturer  : — In  a  solution  of  the  liquorice  juice,  a  few  figs  are 
to  be  boiled  for  a  couple  of  hours ;  1o  the  decoction,  while  hot,  a  few  bruised  anise-seeds 
are  to  be  added,  and  when  cold,  common  salt  to  saturation.  A  little  silent  spirit  of  wine 
being  poured  in,  the  mixture  is  to  be  equably,  but  sparingly,  xprinkled  with  the  rose  of 
a  watering-pot,  over  the  leaves  of  the  tobacco,  as  they  are  successively  stratified  upon  the 
preparation  floor. 

The  fermented  leaves,  being  next  stripped  of  their  middle  ribs  by  the  hands  of  chil- 
dren, are  sorted  anew,  and  the  large  ones  arc  set  apart  fur  making  cigars.  Most  of  the 
tobaccM  on  sale  in  our  shops  are  mixtures  of  different  growths :  one  kind  of  smoking: 
tebaec(^or  example,  consists  of  70  parts  of  Maryland,  and  30  of  meager  Virainia ;  and 
one  kind  of  snufl'  consists  of  80  parts  of  Virginia,  and  30  parts  of  either  Humesfort  or 
Warwick.  The  Maryland  is  a  very  light  tobacco,  in  thin  yellow  leaves;  that  of  Vir- 
ginia is  in  large  brown  leaves,  unctuous  or  somewhat  gluey  on  the  surface,  having  a 
smell  somewhat  like  the  figs  of  Malaga ;  that  of  Havana  is  in  brownish,  licht  leaves, 
of  an  agreeable  and  rather  spicy  smell ;  it  forms  the  best  cigars.  The  Carolina  tobacco 
is  less  unctuous  than  the  Virginian ;  but  in  the  United  States  it  ranks  next  to  the 
HnQiland. 

The  shag  tobacco  is  dried  to  the  proper  point  upon  sheets  of  copper. 

Tobacpo  is  cut  into  what  is  called  shag  tobacco  by  knife-edged  chopping  stamps,  a  nuu 
ehine  somewhat  simihu'  to  that  represented  under  Metallurgy, yig.  670.  Fur  giinding 
the  tobacco  leaves  into  snuff,  conical  mortars  are  employed,  somewhat  like  that  used  by  ilie 
Hindoos  for  grinding  sugar-canes,  fig,  1080;  but  the  sides  06  the  snuff-mill  have  sharp 
ririves  from  the'top  to  near  the  bottom. 

Mr.  L.  W.  Wright  obtained  a  patent  in  August,  1827,  for  a  tobacco-cutting  machine^ 
which  bears  a  close  resemblance  to  the  well-known  machines  with  revolving  knives,  for 
catting  straw  into  chaff.  The  tobacco,  aAer  being  squeezed  into  cakes,  is  placed  upon  a 
smooth  bed  within  a  horizontal  trough,  and  pressed  by  a  follower  and  screws  to  keep  it 
compact.  These  cakes  are  progressively  advanced  upon  the  bed,  or  fed  in,  to  meet  the 
revolving  blades.  The  speed  of  the  feeding-screw  determines  the  degree  of  fineness  of  the 
seetions  or  particles  into  which  the  tobacco  is  cut 

I  was  employed  some  years  ago  by  the  Excise  to  analyze  a  quantity  of  snuff,  seized 
cm  suspicion  of  having  been  adulterated  by  the  manufacturer.  I  found  it  to  be  largely 
dragged  with  pearl-ashes,  and  to  be  thereby  rendered  very  punsent,  and  absorbent  of 
moisture ;  an  economical  method  of  rendering  an  effete  article  at  the  same  time  active  and 
aqneoQS. 

According  to  the  recent  analysis  of  Possett  and  Reimann,  10,000  parts  of  tohaeeo- 
leaves  conuin  —  6  of  the  peculiar  chemical  principle  nicoftnt;  1.  of  nicoOanim;  287  of 
^htly  bitter  extractive ;  174  of  gum,  mixed  with  a  little  malic  acid ;  26*7  of  a  greea 
resin ;  26  of  vegetable  albomen ;   104*8  of  a  snbstaneo  anabgoos  to  gluten ;  51  af 


1M8  TOBACCOPIFES. 

malic  acid ;  12  of  malate  of  ammonia ;  4-8  of  solphate  of  potmaa^ ;  6*3  of  ckMie  4 
poUssium;  9*5  of  puUutM,  which  bad  been  combined  wiih  malic  and  Biiiie  acids;  IH 
oT  phosphate  of  lime;  24*2  of  lime,  which  had  been  combined  with  malic  acid;  S'SufaiiiBi; 
496*9  of  fibrous  or  ligneous  matter ;  traces  of  starch ;  and  88*28  of  water. 

Nieotim  is  a  transparent  colorless  liquid,  of  an  alkaline  natofe.  It  maj  he  i^ 
tilled  in  a  retort  plunged  into  a  bath  healed  to  290°  FahreaheiL  It  baa  a  pnddsi 
burning  taste,  which  is  very  dnrable;  and  a  pun^ol,  disngreeable  smelL  It  boras  tf 
means  of  a  wick,  with  the  dilTusion  of  a  rivid  light,  and  mocb  smoke.  It  aaf  bs 
mixed  with  water  in  ail  proporiiunp.  It  is  soluble  also  in  acetic  acid,  oil  of  aiassik 
alcohol,  and  ether,  but  not  in  oil  of  turpentine.  It  acU  upon  the  animal  eeiNMNqr  aii 
extreme  violence ;  and  in  the  dose  of  one  drop  it  kills  a  dog.  It  forma  salts  with  theidib 
About  one  part  of  it  may  be  obtained  by  very  skilful  treatment  from  oae  thousand  cffsri 
tobacco. 

Tobacco  imported  into  the  United  Kingdom,  viz.  —  unmanafaetiired,  ia  IS^ 
62,*Z'i2,907  lbs.;  in  1837,  27,070,448  lbs;  ~  manufactured,  and  sonff;  ia  183^ 
182,248  lbs. ;  in  1837,  6t2«287  lbs.  Retained  for  hume  consamptioo,  onmanafoetsiH 
in  1836,22,309,021  lbs.;  in  1837,  22,504,343  lbs. ;->manuf«ctured,  and  snoff,  ia  Mi 
159,226  lbs. ;  in  1837,  145,043  lb?.  Duly  rcceivrd,— on  unmanufactored  tohaeeo^ii 
1836,  £3,344,703;  in  1837,  £3,375,125;  on  manufactured  tobacco,  and  sonif,  in  M^ 
£71,560;  in  1837,  £65,220. 

TOBACCO-PIPES.  The  practice  of  smoking  tobacco  has  become  so  general  ii 
many  nations  as  to  render  the  manufacture  of  tobacco-pipes  a  considemble  braaefcif 
industry.  Some  seek  in  the  inhalation  of  tobacco-smoke  a  pleasurable  narcotism;  othm 
imagine  it  tu  be  beneficial  to  their  health ;  but,  in  general,  smoking  is  merely  a  diwaf 
resource  against  ennui,  which  ere  long  becomes  an  indispensable  stimnlns.  Tht 
filthi'iess  of  this  habit,  the  offensive  odor  which  persons  under  its  inflaence  emit  from  ikir 
mouths  and  clothes,  the  stupor  it  too  often  occasions,  as  well  as  the  sallow  complriiBi^ 
black  or  carious  teeth,  and  imiiaired  digestion,  all  prove  the  great  coosumption  of  i 
to  be  akin  in  evil  infiuence  upon  mankind  to  the  use  of  ardent  spirits. 

Tobacco-pipes  are  made  of  a  fine-grained  plastic  white  cUy,  to  wbicb  Ihey  have  cii 
the  name.  It  is  worked  with  water  into  a  thin  paste,  which  is  alk>wed  to  settle  ia  pil% 
or  it  may  be  passed  through  a  sieve,  to  separate  the  silicions  or  other  stonj  impariiisi 
the  water  is  aAerwsrds  evaporated  till  the  clay  becomes  of  a  doughy  consistence,  whci 
it  must  be  well  kneaded  to  make  it  uniform.  Pipe-clay  is  found  cbieBy  in  the  isksf 
Purbeck  and  Dorsetshire.  It  is  distinguished  by  its  |ierfectly  white  color,  and  its  grest 
adhesion  to  the  tongue  aAer  it  is  baked;  owing  to  the  laige  proportion  of  alumina  vhick 
it  contains. 

A  chiU  fashions  a  ball  of  clay  from  the  heap,  rolls  it  out  into  a  slender  eylindA'  opts 
a  plank,  with  the  palms  of  his  hands,  in  order  to  form  the  stem  of  the  pipe.  He  stieb 
a  small  lump  to  the  end  of  the  cylinder  for  forming  the  bowl;  which  baring  doaf,lM 
lays  the  pieces  aside  for  a  day  or  two,  to  get  mote  consistence.  In  proportion  as  Im 
makes  these  rough  figures,  he  arranges  them  by  dozens  on  a  board,  and  bands  them  to  thi 
pipemaker. 

The  pipe  is  finished  by  means  of  a  folding  brass  or  iron  mould,  channelled  inside  of  Ike 
shape  of  the  stem  and  the  bowl,  and  capable  of  being  opened  at  the  two  ends.  It  is  fmmpA 
of  two  pieces,  each  hollowed  out  like  a  half-pipe,  cut  as  it  were  lengthwise ;  and  thesel^ 
jaws,  when  brought  together,  constitute  the  exact  space  for  OMdcing  one  pipe.  There  arc 
small  pins  in  one  side  of  the  mould,  corresponding  to  holes  in  the  other,  whicb  senre  as  goidei 
fur  applying  the  two  together  with  precision. 

Tlie  workman  takes  a  Idhg  iron  wire,  with  its  end  oiled,  and  pushes  it  thronch  the 
sofl  clay  in  the  direction  of  the  stem,  to  form  the  bore,  and  he  directs  the  wire  by  feeli8| 
with  his  lefl  hand  the  progress  of  its  point.  He  lays  the  pipe  in  Ibe  groove  of  oae  of 
the  jaws  of  the  moulJ,  with  the  wire  sticking  in  it;  applies  the  other  jaw,  brings  them 
smartly  tozether,  and  unites  them  by  a  clamp  or  vice,  which  produces  the  eitemal 
form.  A  lever  is  now  brought  down,  which  presses  an  oiled  stopper  into  the  bivl  of 
the  pipe,  while  it  is  in  the  mould,  forcing  it  sufficiently  down  to  A»rm  the  cavity;  the 
wire  being  meanwhile  thrust  backwards  and  forwards  so  as  to  pierce  the  tube  coroplelrlj 
through.  The  wire  must  become  visible  at  the  bottom  of  the  bowl^  otherwise  the  pipe 
will  be  imperfect.  The  wire  is  now  withdrawn,  the  jaws  of  the  mould  opened,  the  pipe 
taken  out,  and  the  redundant  clay  removed  with  a  knif«*.  AAer  dning  fur  a  day  or 
two,  the  pipes  are  scrapeJ,  polisheJ  with  a  piece  of  hard  wood,  and  the  stems  being  beat 
into  the  desired  form,  they  are  carried  to  the  baking  kiln,  which  is  capable  of  firing  fifty 
l^ross  in  from  8  to  12  hours.  A  workman  and  a  child  can  easily  make  five  gross  of  pipes 
in  a  day. 

ffo  tobacco-pipes  are  so  highly  prised  as  those  made  in  Natolia,  in  Turkey,  out  of 
meerschaum,  a  somewhat  plastic  magnesian  stone,  of  a  soil  greasy  feel,  which  is  formed 
into  pipes  after  having  been  aoAened  with  water.    It  becomes  wbite  and  bari  in  the  kihu 
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A  tobkeeo-plpe  kiln  ationld  diffase  an  equal  heat  U  erery  part  or  its  interior,  while 
IB  ttcludM  the  siDolie  of  the  fire.    The  crueibJe,  or  lane  ui^er,  a.  At  fig:  I  \i!i  and 
IIH,  i«  ■  C]>iiniJer,  covered   in  wiih  ■  dome.    It  ii  jilacnl 
over  the  fireplace  b,  and  enclosed  wilbin  a  funiace  of  onlinarr 
brickwork  d,  d,  lined  tritb  Are-hrickl  e,  k.    Between  thin  llaini 
and  the  cylinder,  a  fpaee  of  about  4  inebes  oil  round  is  left 
Tor  the  circiilaiion  oT  the  flame.    There  are  12  aupports  or 
libs  between  the  crlindcr  aod  the  faraace  lining,  which  forn 
lo  manr  Buea,  indicated  hj  the  dolled  lines  z,  in  fit.   IIM 
(the  doUed  circle  represenlin;  (he  erlinder).    These  ribs  are 
perfurmted  with  occasional  apertures,  as  shown  in  fig.   i  IM, 
for  the  parpose  ofconneeiin;  iheadjainini  flues;  but  the  maia 
bearing  of  Ihe  hollow  cylinder  ii  given 
by   live    piers,  b,  b,  c,  taraitd   of  briekf 
projeclini!  over  and  heyoad  each   other. 
One  or  these  pjera  r,  in  placed  at  the 
back  of  the  fireplace,  and   Ihe  other  four 
at  the  sides  b,  b.    These  project  nearlj 
into  the  centre,  in  order  to  support  and 
Strengthen  the  bottom;   while  the  Suet 
pass  ap  between  ibem,  nnite  at  Ihe  lop 
of  the  cylinder  in  the  dome  l,  and  dis- 
eharie  the  snMdie  by  the  chimney  N. 

The  ]inin)c  r,  i,  e,  of  Ihe  chimney  is 

le  side  to  form  Ihe  door,  by  which  the  cylinder  is  charged  and  diseharied, 
^e  opening  is  permanently  closed  as  tii;h  a«  k,fig.  1155,  by  an  iron  plate  plastered  over 
^Ih  fireclay;  above  Ihii  it  is  led  open,  sad  shnl  merely  with  temporary  brick-vrork 
while  the  Tirnaee  is  tfomf.  When  thii  ii  removeJ,  the  fumsce  can  be  filled  or  emptied 
throiiih  Ihe  openinx,  the  cylindrie  emcible  havinE  a  correspondent  aperture  in  i<s  ride, 
-which  is  ctoied  in  the  followini  ingenious  way,  while  the  furnace  is  in  action.  The 
wnrkmin  first  spreaJs  a  layer  of  elay  roand  the  edge  of  the  opening,  be  then  sticks  the 
items  of  broi<en  pipes  across  from  one  side  lo  the  other,  and  plasters  Op  the  interttieee 
With  ciny,  eiaelljr  like  the  lalh-and- piaster  work  of  a  ceiling.  The  whole  of  Ihe  cylinder. 
Indeed,  is  constrnclei  in  this  manner,  Ihe  boitom  being  composed  oT  a  great  maaj 
fr«(inents  of  pipe  stems,  radialing  lo  ihe  centre  ;  these  are  coated  at  the  eircumrerenea 
with  a  hyer  if  elay.  A  number  of  bowls  of  broken  pipes  are  iawrted  in  the  city;  in 
these  other  fi-azments  arr  placed  upright,  lo  form  the  sides  of  Ihe  cylinder.  The  riba 
RHlnl  ibe  oiilsile,  which  form  the  flues,  are  made  in  Ihe  same  way,  as  well  as  Ihe  dome 
LI  by  which  m™ns  Ihe  cylindric  case  may  be  mode  very  strong,  and  yet  so  thin  as  to 
Kinire  Mtlle  clay  in  Ihe  builJin;,  a  moderate  fire  lo  heat  it,  while  it  is  not  apt  to  split 
■•un  ler.  The  pipes  are  arranged  within,  as  shown  in  the  fliare,  with  their  bowls  rest- 
fn;  alninsl  the  circamferenee,  and  Ihrir  ends  supported  on  eircolar  pieces  of  clay  r,  which 
Kre  set  up  in  the  centre  for  thai  porpnae.  Sii  small  ribs  are  made  lo  project  inwards  all 
nan  I  the  crucible,  at  the  proper  hcighls,  lo  support  the  dilfereni  ranges  of  pipes,  without 
kMIni  so  many  resting  on  each  other  a*  to  endanger  their  being  crushed  by  Ihe  weight. 
Bf  this  m^Je  iiir  distribntion,  the  furnace  may  eonlain  50  groa<,  or  TSOO  pipes,  all  baked 
within  8  or  9  hours;  the  fir*  being  gradually  raised,  or  damped  if  occasion  be,  by  opiate 
partiilly  slii  over  the  chimney  top, 

TODDIT,  Sari,  Mtt-ra.  sweet  juice.— The  proprielon  of  cncoa-nul  plantations  id 
the  peninsula  or  Inlia,  and  in  Ihe  Island  of  Ceylon,  instead  uT  eolleelini  a  crop  of  nals, 
fK7>ienlly  reHp  the  pro  luce  of  the  trees  by  exlraeling  sweel  juice  from  the  flower- 
Kalk.  Wh*n  Ihe  Howerini  branch  is  half  slial,  (he  (oJ.ly-drawers  biul  the  ilock  round 
wi(h  a  yoiin^  cocoii-nn(  leaf  in  several  places,  and  heal  Ihe  spaJit  wiih  a  short  hnion  at 
dony.  This  beating  is  repeated  daily  for  len  or  twelve  days,  and  aboot  the  end  of  that 
peri.il  a  portion  ofttae  flower-stalk  is  cut  olf.  The  slamp  then  begins  to  bleed,  and  an 
•arthen  vessel  (cliaiiyl  or  a  calabash  is  snspendeil  onder  it,  lo  teeeive  Lhe  jniee,  which 
b  by  Itie  Eiropeans  calleil  lodds. 

A  ihin  slice  is  taken  from  the  stump  daily,  and  the  lodd;  is  removed  twice  a  day, 
A  eocot-niil  freinently  pushes  out  a  new  ipaiUx  once  a  monlhi  and  aher  each  tpadjt 
heiins  to  bleed,  it  continues  lo  pmduee  freely  fur  a  month,  by  which  time  another  ia 
realy  losnpply  it*  place.  The  oli  spadix  continoe*  to  five  a  liitte  jnice  fiir  anodier 
mnth,  after  which  it  withers;  so  lha(  I)  ;re  are  sometimes  two  pots  aiuched  to  a  tree 
at  oiie  tim-,  bit  never  more.  Each  of  these  spa  lices,  if  allowed  lo  (row,  woatd  pro- 
dlMe  a  hnneh  of  nats  from  two  lo  twenty.  Trees  in  a  iroo'l  soil  produce  twelve 
benches  In  the  rear;  bat  when  less  fivorshly  sitoale-l,  they  often  do  not  live  more 
than  sis  hinehes.  The  qnaolity  of  six  Engliili  pial*  of  lodJjr  it  loncliiiw*  yielded  if 
•  tree  daily. 
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Toddy  19  much  id  demand  as  a  beverage  in  the  neighborhood  of  villagesy  espedaDy 
where  European  troops  are  stationed.  When  it  is  drunk  before  snorise,  it  is  a  eoul,  de- 
licious, and  particularly  wholesome  beverai^e }  bat  by  eight  or  nine  o'clock  fennentatiot 
has  made  some  |>it>gre$s,  and  it  is  then  highly  intoxicating.* 

TOLU,  is  a  brownish-red  balsam,  extracted  from  the  stem  of  the  Myroxihm  tokifvmif 
a  tree  which  grows  in  South  America.    It  is  composed  of  resin,  oil,  and  beojBoie  tcii 
Having  an  asreeable  odor,  it  is  sometimes  used  in  perfumery.    It  hat  a  place  is  tke 
Materia  Medica,  but  for  what  good  reason  I  know  not. 
TOMBAC,  is  a  white  alloy  of  copper. 

TONKA  BEAN,  the  fruit  of  the  Dipterix  odoraioy  affords  a  concrete  cryttiniie  votit 
tile  oil  (ttearoplhU),  called  coumariite  by  the  French.  It  is  extracted  hf  digeitiot 
with  alcohol,  which  dissolves  the  stearopt^ne,  and  leaves  a  fat  oil.  It  has  an  agree* 
able  smell,  and  a  warm  taste.  It  is  fusible  at  122°  Fahrenheit,  and  volatile  at  hfjba 
heats. 
TOPAZ.    See  Lapidary. 

TORTOISE-SHELL,  or  rather  scales,  a  homy  substance,  that  coven  the  hard  stiaig 
covering  of  a  bony  contexture,  which  encloses  the  Testvdo  imhricata,  Linn,  The  hmd- 
las  or  plates  of  this  tortoise  are  13  in  number,  and  may  be  readily  separated  from  thebosy 
part  by  placing  fire  beneath  the  shell,  whereby  they  start  asunder.  They  vary  in  thidi- 
aess  from  one  eighth  to  one  quarter  of  an  inch,  according  to  the  age  and  sixe  of  the  aai* 
nal,  and  weigh  from  5  to  25  pounds.  The  larger  the  animal,  the  better  is  thesbdl 
This  substance  may  be  soAened  by  the  heat  of  boiling  water ;  and  if  compressed  in  tUi 
state  by  screws  in  iron  or  brass  moulds,  it  may  be  bent  into  any  shape.  The  moildi 
being  then  plunged  in  cold  water,  the  shell  becomes  fixed  in  the  form  imparted  by  tke 
mould.  If  the  turnings  or  filings  of  tortoise-shell  be  subjected  skilfully  to  gradaallyii- 
creased  compression  between  moulds  immersed  in  boiling  water,  compact  objects  of  uy 
desired  ornamental  figure  or  device  may  be  produced.  The  soldering  of  two  pieces  of 
scale  is  easily  effected,  by  placing  their  edges  together,  aAer  they  are  nicely  filed  to  on 
bevel,  and  then  squeezing  them  strongly  between  the  long  flat  jaws  of  hot  iron  pincei% 
OMide  somewhat  like  a  hairdresser's  curling-tongs.  The  pincers  should  be  strong,  thidL 
and  just  hot  enough  to  brown  paper  slightly,  without  burning  it.  They  may  be  toldmi 
also  by  the  heat  of  boiling  water,  applied  along  with  skilful  pressure.  But  in  whatew 
w«y  this  process  is  attempted,  the  surfaces  to  be  united  should  be  made  very  smootk, 
level,  and  clean ;  the  least  foulness,  even  the  touch  of  the  finger,  or  breathing  upon  t]ic% 
would  prevent  their  coalescence.    See  Horn. 

TOUCH-NEEDLES,  and  TOUCH-STONE,  are  means  of  ascertaining  the  quality  if 
gold  trinkets.    See  Assay. 
TOW.    See  Flax. 

TRAGACANTH,  gum.  (Gomme  adracantty  Fr. ;  Traganth  Germ.)     See  Gun. 
TRAVKRTINO.     See  Tufa. 

TREACLE,  is  the  visctd  brown  uncry stall izable  sirup  which  drains  from  the  sogar-f^ 
fining  mouK'N.  Its  specific  gravity  is  generally  1*4,  and  it  contains  upon  an  average  75 
per  cent,  of  solid  matter,  by  my  experiments. 

TRIPOLI  {Terrt  pourrie,  Fr. ;  T ripely  Germ.),  rotten-stone,  is  a  mineral  of  tt 
earthy  fracture,  a  yellowish-gray  or  white  color,  composition  impalpably  fine,  meager 
to  the  touch,  does  not  adhere  to  the  tongue,  and  burns  white.  Its  analogne,  tte 
Foliirsckiffcr,  occurs  in  thin  flat  foliated  pieces,  of  the  above  colors,  occasionally  str^( 
soft,  absorbent  of  water;  spec.  grav.  1-9  to  2-2. 

M.  fc^hronbcror  has  shown  that  both  of  these  friable  homogeneous  rocks,  which  eonsst 
almost  eiitirely  of  silica,  arc  actually  composed  of  the  exuvias  or  rather  the  ^eletoasof 
infhsoria  (animalcula)  of  I  he  fnmily  ofBarcUlaricB,  and  the  genera  Coeconemay  GonfkoMWO^ 
ftc.  They  are  recosrnised  with  such  distinctness  in  the  microscope,  that  their  anakigiei 
with  living  species  may  be  readily  traced ;  and  in  many  cases  there  are  no  appreckUe 
diflterences  between  the  living  and  the  petrified.  The  species  are  distinguished  by  the 
number  of  partitions  or  transverse  lines  upon  their  bodies.    The  length  is  about  -I*  of  a 

line.  M.  Ehrenberg  made  his  observations  upon  the  tripolis  of  Billen  in  Bohciiia,of 
Santafiora  in  Tuscany,  of  the  Isle  of  France,  and  of  Francisbad,  near  Eger. 

The  meadow  iron  ore  {Per  limontux  des  marats)  is  composed  almost  wholly  of  the 
QtuUoruUa  ferru^nea.  Most  of  these  infusoria  are  lacustrine;  but  othen  are  manie^ 
particularly  the  tripolis  of  the  Isle  of  France. 

Accord  in?  to  the  chemical  analysis  of  Bucholz,  tripoli  consists  of-^silica,  81 ;  alamiaai 
I'5;  oxyde  of  iron,  8 ;  sulphuric  acid,  3*45 ;  water,  4*55.  This  specimen  waa  probaUf 
Ibttnd  in  a  coal-field.  The  tripoli  of  Corfu  is  reckoned  the  best  for  scouring  or  brightca* 
log  brass  and  other  metals.    Mr.  Phillips  found  in  the  Berl^shire  roUen-etone  (i 

•  OratiibtttiaiM  to  th*  Hiftory  of  the  Cooo«>But  Trat.    Bj  Hoaiy  Wir^",  B^.,  Diptt^f 
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Bakewell),  86  of  alumina,  4  of  silica,  and  10  of  carbon — ^being  a  remarkaUe  difference 
la  composition  from  the  Bohemian. 

TUFA,  or  TUF,  is  a  gray  deposite  of  calcareous  carbonate,  from  springs  and  streams. 

TULA  METAL,  is  an  alloy  of  silver,  copper,  and  lead. 

TUNGSTEN  (Eng.  and  Fr. ;  Wolfram,  Germ.),  is  a  peculiar  metal,  which  occurs  in 
the  state  of  an  acid  (the  tungaiic),  combined  with  various  bases,  as  with  lime,  the  oxydet 
of  iron,  manganese,  and  lead.  The  metal  is  obtained  by  reduction  of  the  ore,  or  the  de- 
ozydizement  of  the  acid,  in  the  form  of  a  dark  steel-gray  powder,  which  assumes  under 
the  burnisher  a  feeble  metallic  lustre.    Its  specific  gravity  is  17*22. 

TURBITH  MINERAL,  is  the  yellow  snbsulphate  of  mercury. 

TURF  {Peaty  Scotch;  Tourbe,  Fr. ;  Tor/,  Germ.),  consisU  of  vegetable  matter,  chiefly 
of  the  moss  family,  in  a  state  of  partial  decomposition  by  the  action.of  water.  Cut, 
daring  summer,  into  brick-shaped  pieces,  and  dried,  it  is  extensively  used  as  fuel  by  the 
peasantry  in  every  region  where  it  abounds.  The  dense  black  turf,  which  forms  the  lower 
stratum  of  a  peat-moss,  is  much  contaminated  with  iron,  sulphur,  sand,  &c.,  while 
the  lighter  turf  of  the  upper  strata,  though  nearly  pure  vegetable  matter,  is  too  bulky  for 
transportation,  and  too  porous  for  factory  fuel.  These  defects  have  been  happily 
removed  by  Mr.  Williams,  managing  director  of  the  Dublin  Steam  Navigation  Company, 
who  has  recently  obtained  a  patent  for  a  method  of  converting  the  lightest  and  purest 
beds  of  peat-moss,  or  bog,  into  the  four  following  products :  1.  A  brown  combustible 
•olid,  denser  than  oak ;  2.  A  charcoal,  twice  as  compact  as  that  of  hard  wood  j  3.  A 
fbctitioQS  coal ;  and  4.  A  factitious  coke ;  each  of  which  possesses  very  valuable  pro- 
parties. 

Mr.  IVEmst,  artificer  of  fire-works  to  Vauxhall,  has  proved,  by  the  severe  test  of  co- 
lored fires,  that  the  turf  charcoal  of  Mr.  Williams  is  20  per  cent,  more  combustible  than 
that  of  oak.  Mr.  Oldham,  engineer  of  the  Bank  of  England,  has  applied  it  in  softening 
his  steel  plates  and  dies,  with  remarkable  success.  But  one  of  the  most  important  results 
of  Mr.  Williams's  invention  is,  that  with  10  cwts.  of  pitcoal,  and  2}  cwts.  of  his  factitious 
coal,  the  same  steam  power  is  now  obtained,  in  navigating  the  Company's  ships,  as  with 
]7|  cwts.  of  pitcoal  alone ;  thereby  saving  30  per  cent,  in  the  stowage  of  fuel.  What  a 
prospect  is  thus  opened  up  of  turning  to  admirable  account  the  unprofitable  bogs  of  Ire- 
land ;  and  of  producing,  from  their  inexhaustible  stores,  a  superior  fuel  for  every  purpose 
of  arts  and  engineering  ! 

The  turf  is  treated  as  follows :— Immediately  aAer  being  dug,  it  is  triturated  under  re- 
volving edge-wheels,  faced  with  iron  plates  perforated  all  over  their  surface,  IVid  is  for- 
ced by  the  pressure  through  these  apertures,  till  it  becomes  a  species  of  pap,  which  is 
frcMsd  from  the  trreater  part  of  its  moisture  by  squeezing  in  a  hydraulic  press  between 
layers  of  caya  cloth,  then  dried,  and  coked  in  suitable  ovens. — (See  Chaecoal,  and  Prr- 
COAL,  COKING  of.)  Mr.  WilUams  makes  his  factitious  coal  by  incorporating  with  pitch 
or  rosin,  melted  in  a  caldron,  as  much  of  the  above  charcoal,  ground  to  powder,  as  will 
form  a  doughy  mass,  which  is  moulded  into  bricks  in  its  hot  and  plastic  state.  From  the 
experiments  of  M.  Le  Sage,  detailed  in  the  5th  volume  of  <<The  Repertory  of  Arts,** 
charred  ordinary  turf  seems  to  be  capable  of  producing  a  far  more  intense  heat  than  com- 
mon charcoal.  It  has  been  found  preferable  to  all  other  fuel  for  case-hardening  iron, 
tempering  steel,  forging  horse-shoes,  and  welding  gun-barrels.  Since  turf  is  partially 
carbonized  in  its  native  state,  when  it  is  condensed  by  the  hydraulic  press,  and  fully  char- 
red, it  must  evidently  afibrd  a  charcoal  very  superior  in  calorific  power  to  the  porous  sub- 
stance generated  from  wood  by  fire. 

TURKEY  RED,  is  a  brilliant  dye  produced  on  cotton  goods  by  Madder. 

TURMKRIC,  Curcuma,  Terra  merita,  (Souchet,  or  Safran  dee  Indes,  Fr. ;  Gelbwurzel, 
Germ.),  is  the  root  of  the  Curcuma  longa  and  rotunda,  a  plant  which  grows  in  the  East 
Indies,  where  it  is  much  employed  in  dyeing  yellow,  as  also  as  a  condiment  in  curry  sauce 
or  powder.  The  root  is  knotty,  tubercular,  oblong,  and  wrinkled ;  pale-yellow  without, 
and  brown-yellow  within ;  of  a  peculiar  smell,  a  taste  bitterish  and  somewhat  spicy.  It 
contains  a  peculiar  yellow  principle,  called  curcumme,  a  brown  coloring-matter,  a  volatile 
oil,  starch,  Slc.  The  yellow  tint  of  turmeric  is  changed  to  brown-red  by  alkalis,  alka- 
line earths,  subacetate  of  lead,  and  several  metallic  oxydes;  for  which  reason,  paper 
stained  with  it  is  employed  as  a  chemical  test. 

Turmeric  is  employed  by  the  w^I-dyers  for  compound  colors  which  require  an  admix- 
ture of  yellow,  as  for  cheap  browns  and  olives.  As  a  yellow  dye,  it  is  employed  only 
upon  silk.  It  is  a  very  fugitive  color.  A  yellow  lake  may  be  made  by  boiling  tur- 
meric powder  with  a  solution  of  alum,  and  pouring  the  filtexed  decoction  upon  pounded 
chalk. 

TURNSOLE.    See  AacmL  and  Litmus. 

TURQUOia    See  Lafidart. 

TURPENTINE  {TireirinthiMf  Fr. ;  TerpenihiM,  Germ.),  is  a  substance  which  flows 
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oDt  of  iDeisioinm*de{D  the  *t«i»  of  teivral  ipcciMorpian.    Ilhia  theeoaMtcaeeai 

giajr-fetlow  color  oT  honey.  ]l  hm  a  smell  which  is  nol  disagreeable  10  touij  petiaa^  ■ 
mnn,  aharp,  bitterish  taste  i  dries  inlu  a  solid  in  the  air,  with  Ihe  nmpcKalioD  of  ib 
volatile  oil.  It  becomes  quite  fluid  at  a  moderate  eleralloa  of  uvperMnrt),  aad  hwiait 
a  higher  beat,  with  a  bright  hal  a  very  fuligiooiif  flame,  Htcn  we  several  wialMi 
oTnrpeaiiDe. 

1.  Commm  turpniint,  i*  exinetrd  rnnn  ineisivx*  in  Ibe  Pteu  mbiu  auid  Piamt  aba- 
trit.  It  has  little  smell;  but  a  bitter  burning  taste.  It  conaitta  of  Ibe  volatile  oil  tf  Iw- 
peoline  to  the  unount  of  from  5  to  25  per  cent. ;  and  of  roiln  or  eolopboay. 

2.  (Vnice  turpnliiif,  is  eiiracied  fiom  the  Pmu  larix  (lareb),  and  Ibe  Fimcb  tvps. 
tine  from  the  Piim  nurilfntn.  The  firtt  eomes  from  Styrit,  HniieaTT,  the  Tfni,  aal 
Switieriand,  and  contains  fi-om  18  to  20  per  cent,  of  oil ;  the  scMOd,  from  tbe  aeUk  tf 
France,  and  contains  no  more  than  I!  per  cent,  of  oil.  TheoUof  all  the  toipeatiae)  ii 
extracted  by  dislitlins  Ihcm  along  with  water.  They  dittolve  in  all  pmpiKrtiana  in  akab^ 
without  leaving  any  residunm.  They  also  combine  with  alkaline  leya,  and  ia  geaoil 
with  the  ralifiable  hefes.     Venice  turpentine  contains  also  soccinie  aeid. 

3.  Torpcntine  of  Strasbourg  is  eilrsctrd  fnim  Ihe  Pinut  piaa  and  .Asei  titdta.  t 
affords  33'5  per  cenr,  of  volatile  oil,  and  some  volatile  or  erystalliiaUe  rcnn,  with  Or 
inctire  matter  and  succinic  acid. 

4.  Turpentine  of  Ihe  Carralhisn  mountains  and  of  Hungary;  the  SistoT  whieb  nMi 
from  the  Pint  crmhra,  and  the  second  from  the  Piaiu  nmgo*.  Tbe;  lesemble  that  rf 
Strasbourg. 

9.  Turpentine  of  Csnada,  called  Canada  balsam,  is  extracted  from  the  fiaai  im^ 
dentil  and  balMirua.    Its  smell  is  much  more  agreeable  than  that  of  tbe  pieeeiiagy- 

6.  Turpentine  of  Cypmt  or  Chio,  i«  exirseted  from  ll 
yellow,  greenish,  or  blue-green  color.  It*  smell  is  more 
(ban  those  of  the  preceding  «orti. 

Common  tnrpenline  imported  into  the  United  Kingdom,  is  ]836i  370^981  cwls.  1  qr. 
36  lbs.;  in  1837,  416,023  ewts.  1  qr.  10  lb>.  ReUined  for  home  CouaaiDptioB,  ia  IRIf, 
341,693  cwls.  18  lbs. ;  in  183T,  409,773  cwt*.  2  qn.  14  lb*.  Datr  received,  ia  Itl^ 
£74,052;  in  1837.  £87,918. 

TURPENTINE,  OIL  OF,  sometitnes  called  essence  of  turpentine.  Aafoaadiaei^ 
merce,  it  contains  more  or  less  rosin,  Oom  which  it  may  be  ffeed  by  re-^iatiUaiiDD  aioag 
with  water.  It  is  colorless,  limpid,  very  fluid,  and  possessed  of  a  very  peculiar  saieD.  Its 
•pecific  gravity,  when  pure,  is  0-8T0 ;  that  of  the  oil  CHmmonly  sold  ia  London,  is  O-BTS. 
It  always  reddens  litmus  paper,  from  containing  a  liltte  snccinie  acid.  Accordiaf  to  Op- 
permsnn,  Ihe  oil  which  has  been  repeatedly  rectified  over  chloride  oTcaleiiuD,  coosidsd' 
S4'60  carbon,  11-735  hydrogen,  and  3-67  oxygen.  When  oil  of  turpeotine  coalaiM  a 
little  nicohol,  it  burns  with  a  dnu-  flame ;  but  otherwise  it  affords  a  vety  smoky  laM. 
Chlorine  inflames  this  oil ;  and  luurialic  acid  converts  it  into  a  er>'StalIiDe  snbatsse^ 
like  camphor.  It  is  employed  extensively  in  varnishes,  paints,  &e.,  as  also  ia  nedkiK- 
TUTENAG,  is  an  alloy  of  copper  and  line. 

TYPE,  {CaTotlin,  Fr.  j  Dr%e)ibiKlatiAt,  Germ.)  The  first  eare  of  tbe  lelteT-eallcr  ■ 
to  prepare  well-tempered  ateel  punches,  upon  which  he  diaws  or  marln  the  exact  sh^l 
of  the  letter,  with  pen  and  ink  if  it  be  larn.  bat  irilk  ■ 
smooth  blunted  point  of  a  needle  if  it  be  ainjl ;  and  Ih^ 
with  a  proper  niied  and  shaped  graver  and  scolptor,  be  dip 
or  scoops  out  Ihe  metal  between  the  stroke*  upon  tbe  fteit 
the  punch,  leaving  the  marks  untanehed  and  piomiaeBt.  He 
next  works  the  outside  with  files  till  it  be  fit  for  Ibe  nUrii. 
Punches  are  also  made  by  hanunering  down  the  boUsws, 
filing  up  the  e<leet,  and  then  haideaiog  the  aofl  stetL  Be- 
fbre  he  prDce«ls  to  sink  and  justify  the  mBtrix,  hepcuridesa 
monld  to  justify  them  by,  of  which  a  good  figure  u  tka>B  ■ 
plate  IV.,  MiaaUmyjfii^:  2,  3,  orAeo'i  Cyrfgp^rfia. 

A  matrix  is  a  piece  of  brass  or  copper,  about  as  iicb  tai 
B  half  long,  and  thick  in  proportion  to  the  aice  of  tho  MM 
which  it  is  to  contain.  [Plhis  metal  the  face  of  tbe  letter 
intended  to  be  caai  b  sank,  by  striking  it  with  the  puaeh  U 
a  depth  of  about  one  eighth  of  an  inch.  Tbe  mrald,  J^. 
1157,  in  which  the  types  are  cast,  is  eosnposed  of  two  pant- 
The  outer  part  is  mttde  of  wood,  Ihe  inner  of  steel.  At  (be 
top  it  has  a  hopper.moulh  s,  into  which  the  fused  lyjw  ■wCsl 
is  poured.  The  interior  cavity  is  as  QDironn  aa  if  it  h«d 
been  hollowed  out  of  a  single  piece  of  steal  i  beeaue  (id 
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half,  which  forms  two  of  the  four  sides  of  the  letter,  is  exactly  fitted  to  the  other.  The 
matrix  is  placed  at  the  bottom  of  the  mould,  directly  under  the  centre  of  the  orifice,  and 
is  held  in  its  position  by  a  spring  b.  Every  letter  that  is  cast  can  be  loosened  from  the 
matrix  only  by  removini^  the  pressure  on  the  spring. 

A  good  type-foundry  is  always  provided  with  several  furnaces,  each  surmounted  with 
an  iron  pot  containing  the  melted  alloy,  of  3  parts  of  lead  and  1  of  antimony.  Into  thia 
pot  the  founder  dips  the  very  small  iron  ladle,  to  lift  merely  as  much  metal  at  will  cast  a 
tiagle  letter  at  a  time.  Having  poured  in  the  metal  with  his  right  hand,  and  returned  the 
ladle  to  the  melting-pot,  the  founder  throws  up  his  leA  hand,  which  holds  the  mould, 
above  his  head,  with  a  sudden  jerk,  supporting  it  with  his  right  hand.  It  is  this  move- 
ment which  forces  the  metal  into  all  the  interstices  of  the  matrix;  for  without  it,  the 
metal,  especially  in  the  smaller  moulds,  would  not  be  able  to  expel  the  air  and  reach  the 
bottom.  The  pouring  in  the  metal,  the  throwing  up  the  mould,  the  unclosing  it,  removing 
the  pressure  of  the  spring,  picking  out  the  cast  letter,  closing  the  mould  again,  and  re- 
.applying  the  spring  to  be  ready  for  a  new  operation,  are  all  performed  with  such  astonish- 
ing rapidity  and  precision,  that  a  skilful  workman  will  turn  out  five  hundred  good  lettera 
in  an  hour,  being  at  the  rate  of  one  every  eighth  part  of  a  minute.  A  considerable  piece 
of  metal  remains  attached  to  the  end  of  the  type  as  it  quits  the  mould.  There  are  nicks 
upon  the  lower  edge  of  the  types,  to  enable  the  compositor  to  place  them  upright,  without 
looking  at  them. 

From  the  table  of  the  caster,  the  heap  of  types  turned  out  of  his  mould,  is  transferred 
Aom  time  to  time  to  another  table,  by  a  boy,  whose  business  it  is  to  break  off  the  super- 
fluous metal,  and  that  he  does  so  rapidly  as  to  clear  from  2000  to  5000  types  in  an  hour; 
m  very  remarkable  despatch,  since  he  must  seize  them  by  their  edges,  and  not  by  their 
feeble  flat  sides.  From  the  breaking-ofi*  boy,  the  types  are  taken  to  the  rntber,  a  man 
who  sits  in  the  centre  of  the  workshop  with  a  grit-stone  slab  on  a  table  before  him,  and 
having  on  the  fore  and  middle  finger  of  his  right  hand  a  piece  of  tarred  leather,  passes 
each  broad  side  of  the  type  smartly  over  the  stone,  turning  it  in  nhe  movement,  and  that 
ao  dexterously,  as  to  be  able  to  rub  2000  types  in  an  hour. 

From  the  rubber,  the  types  are  conveyed  to  a  boy,  who,  with  equal  rapidity,  sets  them 
up  in  lines,  in  a  long  shallow  frame,  with  their  faces  uppermost  and  nicks  outwarda. 
lliis  frame,  containing  a  full  line,  is  put  into  the  dresser's  hands,  who  polishes  them  on 
each  side,  and  turning  them  with  their  faces  downwards,  cuts  a  groove  or  channel  in 
their  bottom,  to  make  them  stand  steadily  on  end.  It  is  essential  thit  each  letter  be  per- 
fectly symmetrical  and  square;  the  least  inequality  of  their  length  would  prevent  them 
llrom  making  a  fair  impression ;  and  were  there  the  least  obliquity  in  their  sides,  it  would 
be  quite  impossible,  when  200,000  single  letters  are  combined,  as  in  one  side  of  the  Timu 
newspaper,  that  they  could  hold  together  as  they  require  to  do,  when  wedged  up  in  the 
chases,  as  securely  as  if  that  side  of  type  formed  a  solid  plate  of  metal.  Each  letter  is  finally 
tied  up  in  lines  of  convenient  length,  the  proportionate  numbers  of  each  variety,  small 
letters,  points,  large  capitals,  small  capitals,  and  figures,  being  selected,  when  the  fount 
of  type  is  ready  for  delivery  to  the  printer. 

The  sizes  of  types  cast  in  this  country  vary  from  the  smallest,  called  diamond,  of  which 
SOS  lines  are  contained  in  a  foot  length,  to  those  letters  employed  in  placards,  of  which  a 
nngle  letter  may  be  three  or  four  inches  high.  The  names  of  the  different  letters  and 
their  dimenilbns,  or  the  number  of  lines  which  each  occupies  in  a  foot,  are  stated  in  the 
following  table : — 


Double  Pica,     - 

-    41| 

Small  Pica,    - 

-      83 

Nonpareil,   - 

-    143 

Paragon, 

44| 

Long  Primer, 

89 

Agate, 

166 

Great  Primer,    - 

-    61i 

Bourgeois, 

-    1021 

Pearl,  - 

-    178 

English, 

64 

Brevier,     - 

1121 

Diamond, - 

-        205 

Pica, 

-    71* 

Minion, 

-    128 

T.  Aspinwall,  Esq.,  the  American  Consul,  obtained,  in  May,  1828,  a  patent  for  an  im- 
proved method  of  casting  printing  types  by  means  of  a  mechanical  process,  being  a  com- 
munication from  a  foreigner  residing  abroad.  The  machine  is  described,  with  six  expla- 
natory figures,  in  the  second  series  of  Newton's  Journal,  vol.  v.  page  212.  The  patentee 
does  not  claim,  .as  his  invention,  any  of  the  parts  separately,  but  the  general  process  and 
arrangement  of  machinery;  more  particularly  the  manner  of  suspending  a  swing  table 
(upon  which  the  working  parts  are  mounted)  out  of  the  horizontal  and  perpendicular  po- 
sition ;  the  mode  of  moving  the  table  with  the  parts  of  the  mould  towards  the  meltinc 
pot ;  the  manner  of  bringing  the  parts  of  the  mould  together,  and  keeping  them  closed 
during  the  operation  of  casting  the  types.  Several  other  mechanical  schemes  have  been 
proposed  for  founding  types,  but  I  have  been  informed  by  very  competent  judges,  Messrs. 
Clowes,  that  none  of  them  can  compete  in  practical  utility  with  that  dexterity  and  precision 
of  handiwork,  whidi  I  have  often  seen  practised  in  their  great  printing  estaUi^unent  in 
Stamfocd  street. 
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ULTRAMARINE  (Outremer,  Fr. ;  Uliramarint,  Germ.))  it  a  beantiful  blue  pigmest 
obtained  from  the  variegated  blue  mineral,  called  lazolite  (k^  lazuli) ,  by  the  follow- 
ing process : — Grind  the  stone  to  fragments,  rejecting  all  the  colorless  bits,  calcine  at  a 
red  heat,  quench  in  water,  and  then  grind  to  an  impalpable  powder  along  with  water,  ia 
a  paint-mill  (see  Paints,  grinding  of),  or  with  a  porphyry  slab  and  mi2ler.  The  paste, 
being  dried,  is  to  be  rubbed  to  powder,  and  passed  through  a  silk  sieve.  100  parts  of  it 
are  to  be  mixed  with  40  of  rosin,  20  of  white  wax,  25  of  linseed  oil,  and  15  of  Burgusdj 
pitch,  previously  melted  together.  This  resinous  compound  is  to  be  poured  hot  into  cold 
water;  kneaded  well  first  with  two  spatulas,  then  with  the  hands,  and  then  formed  into 
one  or  more  small  rolls.  Some  persons  prescribe  leaving  these  pieces  in  the  water  doriag 
fiAeen  days,  and  then  kneading  them  in  it,  whereby  they  give  out  the  bine  pigment,  ap- 
parently because  the  ultramarine  matter  adheres  less  strongly  than  the  gangiic,  or  merely 
silicious  matter  of  the  mineral,  to  the  resinous  paste.  MM.  Clement  and  Desormes,  who 
were  the  first  to  divine  the  true  nature  of  this  pigment,  think  that  the  soda  contained  in  the 
lazulite,  uniting  with  the  oil  and  the  rosin,  forms  a  species  of  soap,  which  serves  to  waih 
out  the  coloring-matter.  If  it  should  not  separate  readily,  water  heated  to  about  15(P  F. 
should  be  had  recourse  to.  When  the  water  is  snfiiciently  charged  with  blue  color,  it 
is  poured  off  and  replaced  by  fresh  water ;  and  the  kneading  and  change  of  water  are 
repeated  till  the  whole  of  the  color  is  extracted.  Others  knead  the  mixed  resinous  mas 
under  a  slender  stream  of  water,  which  runs  ofi*  with  the  color  into  a  large  earthen  paa. 
The  first  waters  afford,  by  rest,  a  deposite  of  the  finest  ultramarine;  the  seeoad, a 
somewhat  inferior  article,  and  so  on.  Each  must  be  washed  aAerwards  with  seroal 
more  waters,  before  they  acquire  the  highest  quality  of  tone ;  then  dried  separately,  aad 
freed  from  any  adhering  particles  of  the  pitchy  compound  by  digestion  in  ailcohol.  The 
remainder  of  the  mass  being  melted  with  oil,  and  kneaded  in  water  containing  a  littk 
soda  or  potash,  yields  an  inferior  pigment,  caJled  ultramarine  athet.  The  best  nltram^ 
rifie  is  a  splendid  blue  pigment,  which  works  well  with  oil,  and  is  not  liable  to  change  Iqr 
time.  Its  price  in  Italy  was  five  guineas  the  ounce,  a  few  years  ago,  bat  it  is  now  greallf 
reduced. 

The  blue  color  of  lazulite  had  been  always  ascribed  to  iron,  tiU  MM.  Clement  aad 
Desormes,  by  a  most  careful  analysis,  showed  it  to  consist  of— silica,  34;  alumina,  33; 
sulphur,  3 ;  soda,  22 ;  and  that  the  iron,  carbonate  of  lime,'  &c.,  were  accidental  in$^^ 
dients,  essential  neither  to  the  mineral,  nor  to  the  pigment  made  from  iL  By  another 
analyst,  the  constituents  are  said  to  be — silica,  44 ;  alumina,  35 ;  and  soda,  21 ;  and  by  a 
third,  potassa  was  found  instead  of  soda,  showing  shades  of  difference  in  tbe  compositioe 
of  the  stone. 

Till  a  few  years  ago,  every  attempt  failed  to  make  ultramarine  artificially.     At  lenfith, 
in  1828,  M.  Guimet  resolved  the  problem,  guided  by  the  analysis  of  MM.  Clement  aad 
Desormes,  and  by  an  observation  of  M.  Tassaert,  that  a  blue  substance  like  ultnunariDC 
was  occasionally  produced  on  the  sandstone  hearths  of  his  reverberatory  soda  farnaces. 
Of  M.  Guimet's  finest  pigment  I  received  a  bottle  several  years  ago,  from  my  friend  M. 
Merim6e,  Secretary  of  the  EcoJe  de  Beaux  ^ris,  which  has  been  found  by  artists  little,  if 
any,  inferior  to  the  lazulite  ultramarine.     M.  Guimet  sells  it  at  sixty  francs  per  poud 
French, — which  is  little  more  than  two  guineas  the  English  pound.      He  has  kept 
his  process  secret.     But  M.  Gmelin,  of  Tubingen,  has  published  a  prescriptioa  for 
making  it ;  which  consists  in  enclosing  carefully  in  a  Hessian  crucible  a  mixture  of  tvo 
parts  of  sulphur,  and  one  of  dry  carbonate  of  soda,  heating  them  gradually  to  redness  tiS 
the  mass  fuses,  and  then  sprinkling  into  it  by  degrees  another  mixture,  of  silicate  of  soda, 
and  aluminate  of  soda ;  the  first  containing  seventy-two  parts  of  silica,  and  the  aecoad 
seventy  parts  of  aluminti.    The  crucible  must  be  exposed  aAer  this  for  an  hour  to  the  fire. 
The  ultramarine  will  be  formed  by  this  time ;  only  it  contains  a  little  sulphur,  whiek  can 
be  separated  by  means  of  water.    M.  Persoz,  professor  of  chemistry  at  Strasbourt ,  has 
likewise  succeeded  in  making  an  ultramarine,  of  perhaps  still  better  quality  than  that  of 
M.  Guimet.    Lastly,  M.  Robiquet  has  announced,  that  it  is  easy  to  form  ultramariae, 
by  heating  to  redness  a  proper  mixture  of  kaolin  (China  clay),  sulphur,  and  carboaate 
of  soda.    It  would  therefore  appear,  from  the  precedini;  details,  that  ultFamarine  Day 
be  regarded  as  a  compound  of  silicate  of  alumina,  silicate  of  soda,  with  sulphuret  of 
sodium ;  and  that  to  the  reaction  of  the  last  constituent  upon  the  former  two,  it  owes  il> 
color. 

UMBER,  is  a  massive  mineral ;  fracture  large  and  fiat ;  conchoidal  in  the  great,  veiy 
fine  earthy  in  the  small;  dull;  color,  liver,  chestnut,— dark  yellowish  brown;  opa|«tS 
does  not  soil,  but  writes ;  adheres  strongly  to  the  tongue,  feels  a  little  rough  aad  neam 
aad  is  very  soA ;  specific  gravity  2*2.  It  occurs  in  beds  with  brown  jaiper  in  the  liltii 
of  Cyprus,  and  is  tued  by  painten  at  a  brown  colory  and  to  make  Taniih  dry  gokUlf 
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URANIUM,  is  a  rare  metal,  first  discovered  by  Elaproth,  ia  the  black  mlaeral  called 
pechbUndtf  fonad  in  a  miae  near  Johaan-Georgen-Stadt,  in  Saxony,  and  which  is  a  sol- 
phnret  of  uranium.  A  double  phosphate  of  uranium  and  copper,  called  green  uraniiei  and 
mran  mica,  occurs  in  Cornwall.  It  has  been  reduced  to  the  metallic  state  by  various 
devices,  but  it  has  hardly  the  appearance  of  metal  to  the  naked  eye,  and  from  the  rarity 
of  its  ojpes  is  not  likely  to  be  of  any  importance  in  the  arts. 

URAO,  is  the  native  name  of  a  sesqnicarbonate  of  soda  found  at  the  bottom  of  certain 
lakes  in  Mexico,  especially  to  the  north  of  Zacatecas,  and  in  several  other  provinces ; 
also  in  South  America  at  Columbia,  48  English  miles  from  Merida. 


V. 

VALONIA,  is  a  kind  of  acorn,  imported  from  the  Levant  and  the  Morea  for  the  use 
of  tanners,  as  the  husk  or  cup  contains  abundance  of  tannin.  The  quantity  imported 
for  home  consumption  in  1836,  was  80,511  cwts. ;  of  which  Turkey  furnished  58,724, 
Italy  and  the  Italian  islands,  7209. 

VANADIUM,  is  a  metal  discovered  by  Sefstrom,  in  1830,  in  a  Swedish  iron,  remarka* 
ble  for  its  ductility,  extracted  from  the  iron  mine  of  Jaberg,  not  far  from  Jonkoping. 
Its  name  is  derived  from  Vanadis,  a  Scandinavian  idol.  This  metal  has  been  found  in 
the  state  of  vanadic  acid,  in  a  lead  ore  from  Zimapan,  in  Mexico.  The  finery  cinders  of 
the  Jaberg  iron  contain  more  vanadium  than  the  metal  itself.  It  exists  in  it  as  vanadic 
■cid.  For  the  reduction  of  this  acid  to  vanadium,  see  Berzelius's  TraiU  de  Chimin.,  voL 
iv.  p.  644.  Vanadium  is  white,  and  when  its  surface  is  polished,  it  resembles  silver  or 
molybdenum  more  than  any  other  metal.  It  combines  with  oxygen  into  two  oxydes  and 
an  acid. 

The  vanadate  of  ammonia,  mixed  with  infusion  of  nutgalls,  forms  a  black  liquid, 
which  is  the  best  writing-ink  hitherto  known.  The  quantity  of  the  salt  requisite  is  so 
small  as  to  be  of  no  importance  when  the  vanadium  comes  to  be  more  extensively  ex- 
tracted. The  writing  is  perfectly  black.  The  acids  color  it  blue,  but  do  not  remove 
it,  as  they  do  tannate  of  iron :  the  alkalis,  diluted  so  far  as  not  to  injure  the  paper,  do  not 
dUsolve  it ;  and  chlorine,  which  destroys  the  black  color,  does  not,  however,  make  the 
traces  illegible,  even  when  they  are  subsequently  washed  with  a  stream  of  water.  It  is 
perfectly  fluent,  and,  being  a  chemical  solution,  stands  in  want  of  no  viscid  gam  to  sus- 
pend the  color,  like  common  ink.  The  influence  of  time  upon  it  remains  to  be 
tried. 

VANILLA,  is  the  oblong  narrow  pod  of  the  Epukndron  vanilla,  Linn.,  of  the  natoral 
family  Orchidea,  which  grows  in  Mexico,  Colombia,  Peru,  and  on  the  banks  of  the 
Qronoco. 

The  best  comes  from  the  forests  round  the  village  of  Zentila,  in  the  intendancy  of 
Oaxaca. 

The  vanilla  plant  is  cultivated  in  Brazil,  in  the  West  Indies,  and  some  other  tropical 
countries,  but  does  not  produce  fruit  of  such  a  delicious  aroma  as  in  Mexico.  It  clings 
like  a  parasite  to  the  trunks  of  old  trees,  and  sucks  the  moisture  which  their  bark  de- 
rives from  the  lichen!^  and  other  cryptogamia,  but  without  drawing  nourishment  from 
the  tree  itself,  like  the  ivy  and  mistletoe.  The  fruit  is  subcylindric,  about  8  inches 
long,  one-celled.  siUquose,  and  pulpy  within.  It  should  be  gathered  before  it  is  fully 
ripe. 

When  about  12000  of  these  pods  are  collected,  they  are  strung  like  a  garland  by  their 
lower  end,  as  near  as  possible  to  the  foot-stalk ;  the  whole  are  plunged  for  an  instant 
in  boiling  water  to  blanch  them ;  they  are  then  hung  up  in  the  open  air,  and  exposed 
to  the  sun  for  a  few  hours.  Next  day  they  are  lightly  smeared  with  oil,  by  means  of  a 
feather,  or  the  fingers;  and  are  surrounded  with  oiled  cotton,  to  prevent  the  valves  from 
opening.  As  they  become  dr)',  on  inverting  their  upper  end,  they  discharge  a  viscid 
liquid  from  it,  and  they  are  pressed  at  several  times  with  oiled  fingers  to  promote  its 
flow.  The  dried  pods  lose  their  appearance,  grow  brown,  wrinkl^,  soft,  and  shrink 
into  one  fourth  of  their  original  size.  In  this  state  they  are  touched  a  second  time 
with  oil,  but  very  sparingly ;  because,  with  too  much  oil,  they  would  lose  much  of  their 
delicious  perfume.  They  are  then  packed  for  the  market,  in  small  bundles  of  60  or 
100  in  each,  enclosed  in  lead  foil,  or  tight  metallic  cases.  As  it  comes  to  us^  vanilla  u 
a  capsular  fruit,  of  the  thickness  of  a  swan's  quill,  straight,  cylindrical,  but  somewhat 
flattened,  truncated  at  the  top,  thinned  oflf  at  the  ends,  glistening,  wrinkled,  furrowed 
lengthwise,  flexible,  from  5  to  10  inches  long,  and  of  a  reddish-brown  color.  It  eon- 
tains  a  pulpy  parenchyma,  soft,  unctuous,  very  brown,  in  which  are  imbedded  blacky 
liriUtaaty  very  small  seeds.    Its  smell  is  ambrosiaod  and  aromatic ;  its  taste  hot,  and 
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rather  sweetish.  These  properties  seem  to  depend  upon  an  essential  oil,  and  also  apot 
benzoic  acid,  which  forms  efflorescences  upon  the  surface  of  the  fruit.  The  palpf  put 
possesses  alone  the  aromatic  quality ;  the  pericarpium  has  hardly  any  smell. 

The  kind  most  esteemed  in  France,  is  called  Uq  vanilla ;  it  is  about  6  inehes  kof, 
from  }  to  I  of  an  inch  broad,  narrowed  at  the  two  ends,  and  ennred  at  the  bsse; 
somewhat  sofl  and  viscid,  of  a  dark-reddish  color,  and  of  a  moat  delicious  flavor,  like 
that  of  Balsam  of  Peru.  It  is  called  vanilla  givriet,  when  it  is  covered  with  eflkreseeacei 
of  benzoic  acid,  aAer  having  been  kept  in  a  dry  place,  and  in  vessels  not  hanDeticailj 
closed. 

The  second  sort,  called  vaniUa  HmaronOf  or  bastard,  is  a  little  smaller  tina  the  pre- 
ceding, of  a  less  deep  brown  hue,  drier,  less  aromatic,  destitute  of  effloreacsace.  It  k 
said  to  be  the  produce  of  the  wild  plant,  and  is  brought  from  St.  Domingo. 

A  third  sort,  which  comes  from  Brazil,  is  the  vanillon^  or  large  vanUla  of  the  Freach 
market ;  the  vanilla  pamprona  or  boua  of  the  Spaniards.  Its  length  is  Grom  5  to  6  iachn; 
its  breadth  from  one  half  to  three  quarters  of  an  inch.  It  is  browny  aoft,  fiteid,  aloMt 
always  open,  of  a  strong  smell,  but  less  agreeable  than  the  Uq.  It  is  sometimet  a  little 
spoiled  by  an  incipient  fermentation.  It  is  cured  with  sugar,  and  cncloaed  in  tia-pUtc 
1x>xes,  which  contain  from  20  to  60  pods. 

Vanilla,  as  an  aromatic,  is  much  sought  after  by  makers  of  chocolate,  ices,  and  cfeaoii; 
by  confectioners,  perfumers,  and  liquorists,  or  distillers.  It  is  difficultly  reduced  to  fise 
particles ;  but  it  may  be  sufficiently  attenuated  by  cutting  it  into  small  bits,  and  griadiif 
these  along  with  sugar.  The  odorous  principle  can,  for  some  purposes,  be  extmeted  ky 
alcohol.  Their  an^ysis  by  Bucholz  is  unsatisfactory,  and  refers  obviouslj  to  the  coarsetf 
sort.    Berzelius  says  that  the  effiorescences  are  not  acid. 

VAPOR  (Fopeur,  Fr. ;  Damp/,  Germ.),  is  the  state  of  elastic  or  Mrifimi  fluidity 
into  which  any  substance,  naturally  solid  or  liquid  at  ordinary  temperatores,  may  be 
converted  by  the  agency  of  heat.    See  EvAPoaATioN. 

VARNISH  (Vemisy  Fr. ;  Fimiss,  Germ.),  is  a  solution  of  resinous  matter,  which  ii 
spread  over  the  surface  of  any  body,  in  order  to  give  it  a  shining,  transparent^  and  hud 
coat,  capable  of  resisting,  in  a  greater  or  less  degree,  the  influences  of  air  and  moistan. 
Such  a  coat  consists  of  the  resinous  parts  of  the  solution,  which  remain  in  a  thia  layer 
upon  the  surface,  after  the  liquid  solvent  has  either  evaporated  away,  or  has  dried  qw 
When  large  quantities  of  spirit  varnish  are  to  be  made,  a  common  still,  mounted  with  ill 
capital  and  worm,  is  the  vessel  employed  for  containing  the  materials,  and  it  is  plaeed  iat 
steam  or  water  bath.  The  capital  should  be  provided  with  a  stuffing-box,  through  whiek 
a  stirring-rod  may  pass  down  to  the  bottom  of  the  still,  with  a  cross-piece  at  its  tower 
end,  and  a  handle  or  winch  at  its  top.  AAer  heating  the  bath  till  the  alcohol  boils  asd 
begins  to  distil,  the  heat  ought  to  be  lowered,  that  the  solution  may  continue  to  proceed 
in  an  equable  manner,  with  as  little  evaporation  of  spirit  as  possible.  The  operation  mj 
be  supposed  to  be  complete  when  the  rod  can  be  easily  turned  round.  The  varnish  nost 
be  passed  through  a  silk  sieve  of  proper  fineness ;  then  filtered  through  porous  paper,  or 
allowed  to  clear  leisurely  in  stone  jars.  The  alcohol  which  has  come  over  should  be 
added  to  the  varnish,  if  the  just  proportions  of  the  resins  have  been  introduced  at  ioL 
The  following  are  reckoned  good  French  recipes  for  varnishes  : — 

White  tpirit  varnish. — Sandarach,  250  parts;  mastic  in  tears,  61;  elemi  resin, 32; 
turpentine  (Venice),  64 ;  alcohol,  of  85  per  cent.,  1000  parts  by  measure. 

The  turpentine  is  to  be  added  after  the  resins  are  dissolved.  Thia  is  a  brilliait 
Tarnish,  but  not  so  hard  as  to  bear  polishing. 

Varnish  for  the  toood  toys  of  Spa,  Tender  copal,  75  parts ;  mastic,  12*5 ;  Vewee 
turpentine,  6*5 ;  alcohol,  of  95  per  cent.,  100  parts  by  measure ;  water  ounces,  for  a- 
ample,  if  the  other  parts  be  taken  in  ounces. 

The  alcohol  must  be  first  made  to  act  upon  the  copal,  with  the  aid  of  a  little  oil  of 
lavender  or  camphor,  if  thought  fit;  and  the  solution  being  passed  through  a  linea  doCh, 
the  mastic  must  be  introduced.  After  ii  is  dissolved,  the  Venice  turpentine,  prenoMlj 
melted  in  a  water-bath,  should  be  added ;  the  lower  the  temperature  at  which  these 
operations  are  carried  on,  the  more  beautiful  will  the  varnish  be.  This  Tarnish  oaght 
to  be  very  white,  very  drying,  and  capable  of  being  smoothed  with  pumice-atoae  tad 
polished. 

Varnish  for  certain  parts  of  carriages. — Sandarach,  190  parts;  pale  shellac,  95;  nMB| 
125 ;  turpentine,  190 ;  alcohol,  at  85  per  cent.,  1000  parts  by  measure. 

Varnish  for  cabinet-makers. — Pale  shellac,  750  parts;  mastic,  64 ;  alcohol,  of  90  per 
cent.,  1000  parts  by  measure.  The  solution  is  made  in  the  cold,  with  the  aid  of  freqacit 
stirring.    It  is  always  muddy,  and  is  employed  without  being  filtered. 

With  the  same  resins  and  proof  spirit  a  varnish  is  made  for  the  bookbinden  to  do  ffV 
their  morocco  leather. 

The  varnish  of  Watin,for  gilded  articles, — Gum  lac,  in  grain,  125  ptfts;  gambefe, 
125;  dragon^!  blood,  125;  annotto,  125;  saflfron,  32.    Each  reain  mast  be  diaiQlfdi  k 
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1000  parts  by  measure,  of  alcohol  of  90  per  cent ;  two  separate  tioctures  must  be 
made  with  the  dragon's  blood  and  annotto,  in  1000  parts  of  such  alcohol;  and  a  proper 
proportion  of  each  should  be  added  to  the  varnish,  according  to  the  shade  of  golden  color 
wanted. 

For  fixing  engravings  or  lithographs  upon  wood,  a  varnish  called  mordant  is  used  in 
France,  which  differs  from  others  chiefly  in  containing  more  Venice  turpentine,  to  make 
it  sticky ;  it  consists  of— -sandarach,  250  pcuts ;  mastic  in  tears,  64 ;  rosin,  125 ;  Venice 
turpentine,  250 ;  alcohol,  1000  paru  by  measure. 

Copal  varnith. — Hard  copal,  300  parts ;  drying  linseed  or  nut  oil,  firom  125  to  250 
parts ;  oil  of  turpentine,  500 ;  these  three  substances  are  to  be  put  into  three  separate 
vessels ;  the  eopal  is  to  be  fused  by  a  somewhat  sudden  application  of  heat ;  the  drying 
oU  is  to  be  healed  to  a  temperature  a  little  under  ebullition,  and  is  to  be  added  by  small 
portions  at  a  time  to  the  melted  copal.  When  this  combination  is  made,  and  the  heat  a 
little  abated,  the  essence  of  turpentine,  likewise  previously  heated,  is  to  be  introduced  by 
degrees;  some  of  the  volatile  oil  will  be  dissipated  at  first;  but  more  being  added,  the 
union  will  take  place.  Great  care  must  be  taken  to  prevent  the  turpentine  vapor  from 
catching  fire,  which  might  occasion  serious  accidents  to  the  operator.  When  the  varnish 
is  made,  and  has  cooled  down  to  about  the  130th  degree  of  Fahr.,  it  may  be  strained 
through  a  filter,  to  separate  the  impurities  and  undissolved  copal. 

Almost  all  varnish-makers  think  it  indispensable  to  combine  the  drying  oil  with  the 
eopal,  before  adding  the  oil  of  turpentine ;  but  in  this  they  are  mistaken.  Boiling  oil  of 
turpentine  combines  very  readily  with  fused  copal ;  and,  in  some  cases,  it  would  probably 
be  preferable  to  commence  the  operation  with  it,  adding  it  in  successive  small  quantities. 
Indeed,  the  whitest  copal  varnish  can  be  made  only  in  this  way ;  for  if  the  drying  oil  have 
been  heated  to  nearly  its  boiling  point,  it  becomes  colored,  and  darkens  the  varnish. 

This  varnish  improves  in  clearness  by  keeping.  Its  consistence  may  be  varied  by 
varying  the  proportions  of  the  ingredients,  within  moderate  limits.  Good  varnish,  ap- 
plied in  summer,  should  become  so  dry  in  24  hours  that  the  dust  will  not  slick  to  it,  nor 
receive  an  impression  from  the  fingers.  To  render  it  suflicienily  dry  and  hard  for  polish- 
ing, it  must  be  subjected  for  several  days  to  the  heat  of  a  stove. 

Milk  of  wax  is  a  valuable  varnish,  which  may  be  prepared  as  follows : — Melt  in  a 
porcelain  capsule  a  certain  quantity  of  white  wax,  and  add  to  it,  while  in  fusion,  an  equal 
quantity  of  spirit  of  wine,  of  sp.  grav.  0*830 ;  stir  the  mixture,  and  pour  it  upon  a  large 
porphyry  slab.  The  granular  mass  is  to  be  converted  into  a  paste  by  the  muUer,  with 
the  addition,  from  time  to  time,  of  a  little  alcohol ;  and  as  soon  as  it  appears  to  be  smooth 
and  homogeneous,  water  is  to  be  introduced  in  small  quantities  successively,  to  the  amount 
of  four  times  the  weight  of  the  wax.  This  emulsion  is  to  be  then  passed  through  canvass, 
in  order  to  separate  such  particles  as  may  be  imperfectly  incorporated. 

The  mWe  of  waXf  thus  prepared,  may  be  sjffead  with  a  smooth  brush  upon  the  surface 
of  a  painting,  allowed  to  dry,  and  then  fused  by  passing  a  hot  iron  (salamander)  over 
its  surface.  When  eold,  it  is  to  be  rubbed  with  a  linen  cloth  to  bring  out  the  lustre.  It 
is  to  the  unchangeable  quality *of  an  encaustic  of  this  nature,  that  the  ancient  paint- 
ings upon  the  walls  of  Herculaneum  and  Pompeii  owe  their  freshness  at  the  present 
day. 

The  most  recent  practical  account  of  the  manufacture  of  varnishes,  is  that  communi- 
cated by  Mr.  J.  Wilson  Neil  to  the  Society  of  Arts,  and  published  in  the  49th  volume  of 
their  "  Transactions." 

The  building  or  shed  wherein  varnish  is  made,  ought  to  be  quite  detached  from  any 
buildings  whatever,  to  avoid  accidents  by  fire.  For  general  purposes,  a  building  about 
18  feet  by  16  is  sufficiently  large  for  manufacturing  4000  gallons  and  upwards  annually, 
provided  there  are  other  convenient  buildings  for  the  purpose  of  holding  the  utensils,  and 
warehousing  the  neeessary  stock. 

Procure  a  copper  pan,  made  like  a  common  washing-copper,  which  will  contain  from 
fifty  to  eighty  gallons,  as  occasion  may  require ;  when  wanted,  set  it  upon  the  boiling 
furnace,  and  fill  it  up  with  linseed  oil  within  five  inches  of  the  brim.  Kindle  a  fire  in 
the  furnace  underneath,  and  manage  the  fire  so  that  the  oil  shall  gnulually,  but  slowly, 
increase  in  heat  for  the  first  two  hoius ;  then  increase  the  heat  to  a  gentle  simmer ;  and  if 
there  is  any  scum  on  the  surface,  sKim  it  off  with  a  copper  ladle,  and  put  the  skimming 
away.  Let  the  oil  boil  gently  for  three  hours  longer ;  then  introduce,  by  a  little  at  a  time, 
one  quarter  of  an  ounce  of  the  best  calcined  magnesia  for  every  gallon  of  oil,  occasionally 
stirring  the  oil  from  the  bottom.  When  the  magnesia  is  all  in,  let  the  oil  boil  rather 
smartly  for  one  hour ;  it  will  then  be  sufficient.  Lay  a  cover  over  the  oil,  to  keep  out 
the  dust  while  the  fire  is  withdrawn  and  extinguished  by  water;  next  uncover  the  oil,  and 
leave  it  till  next  morning ;  and  then,  while  it  is  yet  hot,  ladle  it  into  the  carrying-jack, 
or  let  it  out  through  the  pipe  and  cock ;  cacry  it  away,  and  deposite  it  in  either  a  tin 
or  leaden  cistern,  for  wooden  vessels  will  not  hold  it ;  let  it  remain  to  settle  for  at  least 
three  months.    The  magnesia  will  absorb  all  the  acid  and  mucilage  ixoffl  the  dip  and 
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fall  to  the  bottom  of  the  ctsteni,  leaving  the  oil  clear  and  tnmtiiareiit,  and  fit  lor  we. 
Recollect,  when  the  oil  is  taken  out,  not  to  disturb  the  bottoms,  which  are  only  fit  for 
black  paint. 

GENERAL  OBSERVATIONS  AND  PRECAUTIONS  TO  BE  OBSERVED  IN  MAXINO  VARNISBIS. 

Set  on  the  boiling-pot  with  8  gallons  of  oil ;  kindle  the  fire ;  then  lay  the  fire  in  the 
gum-furnace ;  have  as  many  81b.  bags  of  gum-copal  all  ready  weighed  up,  as  will  be 
wanted ;  put  one  81b.  into  the  pot,  put  fire  to  the  furnace,  set  on  the  gum-pot;  in  three 
minutes  (if  the  fire  is  brisk)  the  gum  will  begin  to  fuse  and  give  out  its  gas,  steam,  tad 
acid;  stir  and  divide  the  gum,  and  attend  to  the  rising  of  it,  as  before  directed. 
Eight  pounds  of  copal  take  in  general  from  sixteen  to  twenty  minutes  in  fusing,  (nan  the 
beginning  till  it  gets  clear  like  oil,  but  tte  time  depends  very  much  on  the  heat  of  the 
fire,  and  the  attention  of  the  operator.  Daring  the  first  twelve  minutes,  while  the  gum 
is  fusing,  the  assistant  must  look  to  the  oil,  and  bring  it  to  a  smart  simmer;  for  it  oi^ 
to  be  neither  too  hot,  nor  yet  too  cold,  but  in  appearance  beginning  to  boil,  which  he 
is  strictly  to  observe,  and,  when  ready,  to  call  out,  <<  Bear  a  hand  !''  Then  immediatdy 
both  lay  hold  of  a  handle  of  the  boiling-pot,  lift  it  right  up,  so  as  to  dear  the  plat^ 
carry  it  out  and  place  it  on  the  ash-bed,  the  maker  instantly  returning  to  the  gnm-poC, 
while  the  assistant  puts  three  copper  ladlefuls  of  oil  into  the  copper  pouring-jadt, 
bringing  it  in  and  placing  it  on  the  iron  plate  at  (he  back  of  the  gam-pot  to  keep  hot 
until  wanted.  When  the  maker  finds  the  gum  is  nearly  all  completely  fused,  and  tbil 
it  will  in  a  few  minutes  be  ready  for  the  oil,  let  him  call  out,  "  Ready  oU  f  The  assist- 
ant is  then  to  lift  up  the  oil-jack  with  both  hands  ;  one  under  the  bottom  and  the  other 
on  the  handle,  laying  the  spout  over  the  edge  of  the  pot,  and  wait  until  the  maker  eaDs 
Out,  *<  Oil !"  The  assistant  is  then  to  pour  in  the  oil  as  before  directed,  and  the  boiliag 
to  be  continued  until  the  oil  and  gum  become  concentrated,  and  the  mixture  lodn 
clear  on  the  glass;  the  gum  pot  is  now  to  be  set  upon  the  brick-stand  until  the 
assistant  puts  three  more  ladlefuls  of  hot  oil  into  the  pouring-jack,  and  three  more  into 
a  spare  tin  for  the  third  run  of  gum.  There  will  remain  in  the  boiling-pot  still  3) 
gallons  of  oil.  Let  the  maker  put  his  right  hand  down  the  handle  of  the  gnm-pot  near 
to  the  side,  with  his  leA  hand  near  the  end  of  the  handle,  and  with  a  firm  grip  lift  the 
gum-pot,  and  deliberately  lay  the  edge  of  the  gum-pot  over  the  edge  of  the  boiling-poC 
until  all  its  contents  run  into  the  boiling-pot.  Let  the  gum-pot  be  held,  with  ill 
bottom  turned  upwards,  for  a  minute  right  over  the  boiling-pot.  Observe,  that  when- 
ever the  maker  is  beginning  to  pour,  the  assistant  stands  ready  with  a  thidc  piece  cf 
old  carpet,  without  holes,  and  sufficiently  large  to  cover  the  mouth  of  the  boiling-pel 
should  it  catch  fire  during  the  pouring,  which  will  sometimes  happen  if  the  gum-pot  ii 
very  hot;  should  the  gum-pot  fire,  it  hastonly  to  be  kept  bottom  upwards,  and  it  wiD 
go  out  of  itself;  but  if  the  boiling-pot  should  catch  fire,  during  the  pouring,  let  the 
assistant  throw  the  piece  of  carpet  quickly  over  the  blazing  pot,  holding  it  down  tU 
round  the  edges  ;  in  a  few  minutes  it  will  be  smothered.  The  moment  the  maker  hss 
emptied  the  gum-pot,  he  throws  into  it  half  a  gallon  of  turpentine,  and  with  the  sviA 
immediately  washes  it  from  top  to  bottom,  and  instantly  empties  it  into  the  flat  tin  jack: 
he  wipes  the  pot  dry,  and  puts  in  8  pounds  more  gum,  and  sets  it  upon  the  furnace;  poh 
ceeding  with  this  run  exactly  as  with  the  last,  and  afterwards  with  the  third  nn. 
There  will  then  be  8  gallons  of  oil  and  24  pounds  of  gum  in  the  boiling-pot,  under  which 
keep  up  a  brisk  strong  fire  until  a  scum  or  froth  rises  and  covers  all  the  surface  of  the 
content?,  when  it  will  begin  to  rise  rapidly.  Observe,  when  it  rises  near  the  rivets  of 
the  handles,  carry  it  from  the  fire,  and  set  it  on  the  ash-bed,  stir  it  down  again,  aad 
scatter  in  the  driers  by  a  little  at  a  time ;  keep  stirring,  and  if  the  frothy  head  goes 
down,  put  it  upon  the  furnace,  and  introduce  gradually  the  remainder  of  the  driers, 
always  carrying  out  the  pot  when  the  froth  rises  near  the  rivets.  In  general,  if  the  fire 
be  good,  all  the  time  a  pot  requires  to  boil,  from  the  time  of  the  last  gum  being  poured 
in,  is  about  three  and  a  half  or  four  hours ;  but  time  is  no  criterion  for  a  befinner  to 
judge  by,  as  it  may  vary  according  to  the  weather,  the  quality  of  the  oil,  the  quality  of 
the  gum,  the  driers,  or  the  heat  of  the  fire,  &c. ;  therefore,  about  the  third  hour  of 
boiling,  tr)'  it  on  a  bit  of  glass,  and  keep  it  boiling  tintil  it  feels  strong  and  stringy  be- 
tween the  fingers;  it  is  then  boiled  sufiiciently  to  carry  it  on  the  ash-bed,  and  to  bestirred 
down  until  it  is  cold  enough  to  mix,  which  will  depend  much  on  the  weather,  vary- 
ing from  half  an  hour,  in  dry  frosty  weather,  to  one  hour  in  warm  summer  weather. 
Previous  to  beginning  to  mix,  have  a  suflicient  quantity  of  turpentine  ready,  fill  the 
pot,  and  pour  in,  stirring  all  the  time  at  the  top  or  surface,  as  before  directed,  until 
there  are  fifteen  gallons,  or  five  tins  of  oil  of  turpentine  introduced,  which  will  leave  it 
quite  thick  enough  if  the  gum  is  good,  and  has  been  well  run ;  but  if  the  gum  was  of 
a  weak  quality,  and  has  not  been  well  fused,  there  ought  to  be  no  more  than  twelve 
gallons  of  turpentine  mixed,  and  even  that  may  be  too  much.  Therefore,  when  twelve 
gallons  of  turpentine  have  been  introduced,  have  a  flat  saucer  at  hand,  and  poor  iato  it 
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m  portion  of  the  varnish,  and  in  two  or  three  minutes  it  will  show  whether  it  is  too 
thick ;  if  not  sufficiently  thin,  add  a  little  more  turpentine,  and  strain  it  ofl*  quickly. 
As  soon  as  the  whole  is  stored  away,  pour  in  the  turpentine  washings,  with  which  the 

£im-pots  have  been  washed,  into  the  boiling-pot,  and  with  the  swish  quickly  wash 
wn  all  the  varnish  from  the  pot  sides ;  aAerwards,  with  a  large  piece  of  woollen  rag 
dipped  in  pumice-powder,  wash  and  polish  every  part  of  the  inside  of  the  boiling-pot, 
performing  the  same  operation  on  the  ladle  and  stirrers ;  rinse  them  with  the  turpen- 
tiae  washings,  and  at  last  rinse  them  altogether  in  clean  turpentine,  which  also  put  to 
the  washings ;  wipe  dry  with  a  clean  soft  rag  the  pot,  ladle,  stirrer,  and  funnels,  and 
lay  the  sieve  so  as  to  be  completely  eovered  with  turpentine,  which  will  always  keep  it 
from  gnmming  up.  The  foregoing  directions  concerning  running  the  gum,  and  pouring 
in  the  oil,  and  also  boiling  off  and  mixing,  are^*%ilh  very  little  difference,  to  be  observed 
in  the  making  of  all  sorts  of  copal  varnishes,  «xcept  the  differences  of  the  quantities  of 
oil,  gam,  &«.,  which  will  be  found  under  the  various  descriptions  by  name,  which  will  be 
lierraAer  described. 

The  choice  of  linseed  oil  is  of  peculiar  consequence  to  the  varnish-maker.  Oil  from 
fine  full-grown  ripe  seed,  when  viewed  in  a  vial,  will  appear  limpid,  pale,  and  brilliant; 
it  is  mellow  and  sweet  to  the -taste,  has  very  little  smell,  is  specifically  lighter  than  im- 
pore  oil,  and,  when  clarified,  dries  quickly  and  firmly,  and  does  not  materially  change  the 
color  of  the  varnish  when  made,  but  appears  limpid  and  brilliant. 

Copal  varnishes  for  fine  paintings,  ^. — Fuse  8  pounds  of  the  very  cleanest  pale  African 
gum  copal,  and,  when  completely  run  fluid,  pour  in  two  gallons  of  hot  oil,  old  measure ; 
let  it  boil  until  it  will  string  very  strong ;  and  in  about  fiAeea  minutes,  or  while  it  it 
yet  very  hot,  pour  in  three  gallons  of  turpentine,  old  measure,  and  got  from  the  top  of 
a  cistern.  Perhaps,  during  the  mixing,  a  considerable  quantity  of  the  turpentine  will 
escape ;  but  the  varnish  will  be  so  much  the  brighter,  transparent,  and  fluid;  and  will  work 
*fireer,  dry  more  quickly,  and  be  very  solid  and  durable  when  dry.  After  the  varnish  hat 
been  strained,  if  it  is  found  too  thick,  before  it  is  quite  cold,  heat  as  much  turpentine,  and 
mix  with  it,  as  will  bring  it  to  a  proper  consistence.  • 

Cabinet  varnish. — Fuse  7  pounds  of  very  fine  Aflrican  gum  copal,  and  pour  in  half  a 
gallon  of  pale  clarified  oil ;  in  three  or  four  minutes  aAer,  if  it  feel  stringy,  take  it  out 
of  doors,  or  into  another  building  where  there  is  no  fire,  and  mix  with  it  three  gallons 
of  turpentine ;  aAerwards  strain  it,  and  put  it  aside  for  use.  This,  if  properly  boiled, 
will  dry  in  ten  minutes ;  but  if  too  strongly  boiled,  will  not  mix  at  all  with  the  turpen- 
tine ;  and  sometimes,  when  boiled  with  the  turpentine,  will  mix,  and  yet  refuse  to  incor- 
porate with  any  other  varnish  less  boiled  than  itself:  therefore  it  requires  a  nicety  which 
is  only  to  be  learned  from  practice.  This  varnish  is  chiefly  intended  for  the  use  of  ja- 
panners,  cabinet-painters,  coach-painters,  &c. 

But  body  copal  varnish  for  coach-makers,  4^. — This  is  intended  for  the  body  parts  of 
coaches  and  other  similar  vehicles,  intended  for  polishing. 

Fuse  8  lbs.  of  fine  African  gum  copal ;  add  two  gallons  of  clarified  oil  (old  measure) ; 
boil  it  very  slowly  for  four  or  five  hours,  until  quite  stringy ;  mix  with  three  gallons  and 
a  half  of  turpentine ;  strain  off,  and  pour  it  into  a  cistern.  As  they  are  too  slow  in  dry- 
ing, coach-makers,  painters,  and  varnish-makers,  have  introduced  to  two  pots  of  the  pre- 
ceding varnish,  one  made  as  follows :-« 

8  lbs.  of  fine  pale  gum  anim^ ;  I      3|  gallons  of  turpentine. 

2  gallons  of  teiarified  oil ;  |  To  be  boiled  four  hours. 

Quick  drying  bodj  copal  varnish,  for  coaches,  ^. 


(1.)  8  lbs.  of  the  best  African  copal ; 
2  gallons  of  clarified  oil ; 
\  lb.  of  dried  sugar  of  lead; 
3|  gallons  of  turpentine. 

Boiled  tiU  stringy,  and  mixed  and 

strained. 

To  be  mixed  and  strained  while  hot  into  the  other  pot.  These  two  pots  mixed  togetnor 
will  dry  in  six  hours  in  winter,  and  in  four  in  summer ;  it  is  very  useful  for  varnishing 
old  work  on  dark  colors,  &c. 


(2.)  8  lbs.  of  fine  gum  anim^; 
2  gallons  of  clarified  oil ; 
}  lb.  of  white  copperas ; 
3}  gallons  of  turpentine. 
Boiled  as  before. 


(1.)  8  lbs.  2d  sorted  African  copal; 
2|  i^allons  of  clarified  oil. 
Boiled  till  very  stringy. 
4  lb.  of  dried  copperas ; 
}  lb.  of  litharge ; 
5)  gallons  of  turpentine. 
Strained,  &c. 


Best  paU  carriage  varnish, 

(2.)  8  lbs.  of  2d  sorted  gum  anim^i 
2|  gallons  of  clarified  oil ; 


}  lb.  of  dried  sugar  of  lead ; 
t  lb.  of  litharge; 
5|  gallons  of  turpentine. 
Mix  this  to  the  first  while  hot. 
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This  Tarnish  will  dry  bard,  if  well  boiled,  in  four  hours  in  sammer,  and  in  six  la  wit- 
ter. As  the  name  denotes,  it  is  intended  for  the  varnishing  of  the  wheels,  springs,  ind 
carriage  parts  of  coaches,  chaises,  &c. ;  also,  it  is  that  description  of  varnish  wkidi  it 
generally  sold  to  and  used  by  house-painters,  decorators,  &ch  u  fiom  its  drying  qoilitl 
and  strong  gloss,  it  suits  their  general  purposes  well. 


8  lbs.  of  2d  sorted  gum  anim^ ; 
2{  gallons  of  fine  clarified  oil ; 
5{  gallons  of  turpentine ; 
J  lb.  of  litharge ; 


8  lbs.  of  2d  sorted  gum  anim^ ; 
3  gallons  of  clarified  oil ; 
J  lb.  of  lithsirge; 
I  )b.  of  dried  sugar  of  lead ; 


Second  carriage  vamith. 


lb.  of  dried  sugar  of  lead; 
lb.  of  dried  copperas. 
Boiled  and  mixiBd  as  before. 


Waifucot  vamith, 

5i  gallons  of  tnrp^tine. 
To   be   well   boiled   until  it  stri^i 
very  strong,  and  then  mixed  and 
strained. 


Mahogany  varnish  is  made  either  with  the  same  proportions,  with  a  little  darker  goB; 
otherwise  it  is  wainscot  varnish,  with  a  small  portion  of  gold  size. 

Black  japan  is  made  by  putting  into  the  set-pot  48  pounds  of  Naples,  or  any  other  cf 
the  foreign  asphaltums,  (except  the  Egyptian.)  As  soon  as  it  is  melted,  pour  in  10  gal- 
lons of  raw  linseed  oil ;  keep  a  moderate  fire,  and  fuse  8  pounds  of  dark  gum  anime  it 
the  gum-pot ;  mix  it  with  2  gallons  of  hot  oil,  and  pour  it  into  the  set-poL  Aflerwaidi 
fuse  10  pounds  of  dark  or  sea  amber  in  the  10  gallon  iron  pot ;  keep  stirring  it  whik 
fusing ;  and  whenever  it  appears  to  be  overheated,  and  rising  too  high  in  the  pot,  lift  it 
from  the  fire  for  a  few  minutes.  When  it  appears  completely  fused,  mix  in  2  gallons  of 
hot  oil,  and  pour  the  mixture  into  the  set-pot ;  continue  the  boiling  for  3  hours  longer, 
and  during  that  time  introduce  the  same  quantity  of  driers  as  before  directed ;  draw  oat 
the  fire,  and  let  U  remain  until  morning;  then  boil  it  until  it  rolls  hard,  as  before  directed ; 
leave  it  to  cool,  and  aAerwards  mix  with  turpentine. 

Pale  amber  varnish, — Fuse  6  pounds  of  fine  picked  very  pate  transparent  amber  is 
the  gum-pot,  and  pour  in  2  gallons  of  hot  clarified  oil.  Boil  it  until  it  strings  very  strosfE. 
Mix  with  4  gallons  of  turpentine.  This  will  be  as  fine  as  body  copal,  will  work  very 
free,  and  flow  well  upon  any  work  it  is  applied  to ;  it  becomes  very  hard,  and  is  the  moit 
durable  of  all  varnishes;  it  is  very  exceUent  to  mix  in  copal  varnishes,  to  give  then  a 
hard  and  durable  quality.  Observe;  amber  varnish  will  always  require  a  long  timeb^ 
fore  it  is  ready  for  polishing. 

Best  Brunswick  black, — In  an  iron  pot,  over  a  slow  fire,  boil  45  pounds  of  foreip 
asphaltum  for  at  least  6  hours ;  and  during  the  same  time  boil  in  another  iron  pot  6  gal- 
lons of  oil  which  has  been  previously  boiled.  During  the  boiling  of  the  6  gallons,  iotro* 
duce  6  pounds  of  litharge  gradually,  and  boil  until  it  feels  stringy  between  the  fingers; 
then  ladle  or  pour  it  into  the  pot  containing  the  boiling  asphallum.  Let  the  mixture  bofl 
until,  upon  trial,  it  will  roll  into  hard  pills ;  then  let  it  cool,  and  mix  it  with  25  galloBS  of 
turpentine,  or  until  it  is  of  a  proper  consistence. 

Iron-XDork  black. — Put  48  pounds  of  foreign  asphaltum  into  an  iron  pot,  and  boil  fiv 
4  hours.  During  the  first  2  hours,  introduce  7  pounds  of  red  lead,  7  pounds  of  litharge, 
3  pounds  of  dried  copperas,  and  10  gallons  of  boiled  oil ;  add  1  eight-pound  run  of  dark 
gum,  with  2  gallons  of  hot  oil.  Afler  pouring  the  oil  and  gum,  continue  the  boiling  two 
hours,  or  until  it  will  roll  into  hard  pills  like  japan.  When  cool,  thin  it  ofi*  with  thirty 
gallons  of  turpentine,  or  until  it  is  of  a  proper  consistence.  This  varnish  is  intended  for 
blacking  the  iron-work  of  coaches  and  other  carriages,  &.c. 

ji  cheap  Brunswick  black, — Put  28  pounds  of  common  black  pitch,  and  28  pooada  of 
common  asphaltum  made  from  gas  tar,  into  an  iron  pot ;  boil  both  for  8  or  10  hoars, 
which  will  evaporate  the  gas  and  moisture;  let  it  stand  all  night,  and  early  next  morn- 
ing, as  soon  as  it  boils,  put  in  8  gallons  of  boiled  oil ;  then  introduce,  gradoally,  10 
pounds  of  red  lead,  and  10  pounds  of  litharge,  and  boil  for  3  hours,  or  untU  it  will  roll 
very  hard.  When  ready  for  mixing,  introduce  20  gallons  of  turpentine,  or  more,  until 
of  a  proper  consistence.  This  is  intended  for  engineers,  founders,  ironmongers,  Itc.;  it 
will  dry  in  half  an  hour,  or  less,  if  properly  boiled. 

Axioms  observed  in  the  making  of  copal  varnishes, — The  more  minutely  the  gum  is 
run,  or  fused,  the  greater  the  quantity,  and  the  stronger  the  produce.  The  more 
regular  and  longer  the  boiling  of  the  oil  and  gum  together  is  continued,  the  more  fluid 
or  free  the  varnish  will  extend  on  whatever  it  is  appli^  to.  When  the  mixture  of  oil  and 
gum  is  too  suddenly  brought  to  string  by  too  strong  a  heat,  the  varnish  requires  moR 
than  its  just  proportion  of  turpentine  to  thin  it,  whereby  its  oily  and  gummy  quality  '^ 
reduced,  which  renders  it  less  durable ;  neither  will  it  flow  so  well  in  laying  on.  The 
greater  proportion  of  oil  there  is  used  in  varnishes,  the  less  they  are  liable  to  crack, 
because  the  tougher  and  soiVer  they  are.  By  increasing  the  proportion  of  gam  in  Timiihtli 
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the  thicker  will  be  the  stratum,  the  firmer  they  will  set  solid,  and  the  qaicker  they  wiU 
dry.  When  varnishes  are  quite  new  made,  and  most  be  sent  out  for  use  before  they  are 
of  sufficient  age,  they  most  always  be  left  thicker  than  if  they  were  to  be  kept  the  proper 
time.  Varnish  made  from  Afriean  copal  alone  possesses  the  most  elasticity  and  transpa- 
rency. Too  much  driers  in  varnish  render  it  opaque  and  unfit  for  delicate  colors.  Cop- 
peras does  not  combine  with  varnish,  but  only  hardens  it.  Sugar  of  lead  does  combine 
with  varnish.  Turpentine  improves  by  age ;  and  varnish  by  being  kept  in  a  warm  plaee. 
All  copal  or  oil  varnishes  require  age  before  they  are  used. 

Concluding  observaliona, — AJl  body  varnishes  are  intended  and  ought  to  have  H  lbs.  of 
gum  to  each  gallon  of  varnish,  when  the  varnish  is  strained  off,  and  cold ;  but  as  the  ikm- 
ning  upy  or  quantity  of  turpentine  required  to  bring  it  to  its  proper  consistence,  depends 
▼ery  much  upon  the  degree  of  boiling  the  varnish  has  undergone,  therefore,  when  the  gum 
•od  oil  have  not  been  strongly  boiled,  it  requires  less  turpentine  for  that  purpose ;  whereas, 
when  the  gum  and  oil  are  very  strongly  boiled  together,  a  pot  of  20  gallons  will  require 
perhaps  3  gallons  above  the  regular  proportionate  quantity ;  and  if  mixing  the  turpentine 
is  commenced  too  soon,  and  the  pot  not  sufficiently  cool,  there  vrill  be  frequently  above  a 
gallon  and  a  half  of  turpentine  lost  by  evaporation. 

All  carriage,  wainscot,  and  mahogany  varnish  ought  to  have  fully  one  pound  of  gum  for 
each  gallon,  when  strained  and  cold;  and  should  one  pot  require  more  than  its  proportion 
of  turpentine,  the  following  pot  can  easily  be  left  not  quite  so  strongly  boilal;  then  it 
will  require  less  turpentine  to  thin  it  up. 

Grold  sizes,  whether  pale  or  dark,  ought  to  have  fully  half  a  pound  of  good  gum  copal  to 
each  gallon,  when  it  is  finished ;  and  the  best  black  japan,  to  have  half  a  pound  of  good 
gum,  or  upwards,  besides  the  quantity  of  asphaltum. 

Fine  mastic,  or  picture  varnish. — Put  5  pounds  of  fine  picked  gum  mastic  into  a  new 
four*gallon  tin  bottle;  get  ready  2  pounds  of  glass,  bruised  as  small  as  barley;  wash  it 
several  times ;  afterwards  dry  it  perfectly,  and  put  it  into  the  bottle  with  2  gallons  of  tur- 
pentine  that  has  settled  some  time ;  put  a  piece  of  soft  leather  under  the  bung ;  lay  the 
tin  on  a  sack  upon  the  counter,  table,  or  any  thing  that  stands  solid ;  begin  to  agitate  the 
tin,  smartly  rolling  it  backward  and  forwaid,  causing  the  gum,  glass,  and  turpentine,  to 
work  as  if  in  a  barrel  churn  for  at  least  4  hours,  when  the  varnish  may  be  emptied  out  into 
any  thing  sufficiently  clean,  and  large  enough  to  hold  it.  If  the  cum  is  not  all  dissolved, 
return  the  whole  into  the  bottle,  and  agitate  as  before,  until  all  the  gum  is  dissolved  | 
then  strain  it  through  fine  thin  muslin  into  a  clean  tin  bottle :  leave  it  uncorked,  so  that 
the  air  can  get  in,  but  no  dust ;  let  it  stand  for  9  months,  at  least,  before  it  is  used ;  for 
the  longer  it  is  kept,  the  tougher  it  will  be,  and  less  liable  to  chill  or  bloom.  To  prevent 
mastic  varnish  from  chillins,  boil  one  quart  of  river  sand  with  two  ounces  of  pearl-ashes  | 
afterwards  wash  the  sand  three  or  four  times  with  hot  water,  straining  it  each  time ;  put 
the  sand  on  a  soup-plate  to  dry,  in  an  oven ;  and  when  it  is  of  a  good  heat,  pour  half  a 
pint  of  hot  sand  into  each  gallon  of  varnish,  and  shake  it  well  for  five  minutes ;  it  will 
soon  settle,  and  carry  down  the  moisture  of  the  gum  and  turpentine,  which  is  the  general 
cause  of  mastic  varnish  chilling  on  paintings. 

Common  mastic  varnish, — Put  as  much  gum  mastic,  unpicked,  into  the  gum-pot  as  may 
be  required,  and  to  every  2{  pounds  of  gum  pour  in  1  gallon  of  cold  turpentine ;  set  the 
pot  over  a  very  moderate  fire,  and  stir  it  with  the  stirrer ;  be  careful,  when  the  steam  of 
the  turpentine  rises  near  the  mouth  of  the  pot,  to  cover  it  with  the  carpet,  and  carry  it 
out  of  doors,  as  the  vapor  is  very  apt  to  catch  fire.  A  few  mu^utes'  low  heat  will  perfectly 
dissolve  8  pounds  of  gum,  which  will,  with  4  gallons  of  turpentine,  produce,  when  strain* 
ed,  4\  gallons. of  varnish ;  to  which  add,  while  yet  hot,  5  pints  of  pale  turpentine  vamishi 
which  improves  the  body  and  hardness  of  the  mastic  varnish. 

Crystal  vamishy  may  be  made  either  in  the  varnish-house,  drawing-room,  or  parlor. 
Procure  a  bottle  of  Canada  balsam,  which  can  be  had  at  any  druggist's ;  draw  out  the 
cork,  and  set  the  bottle  of  balsam  at  a  little  distance  ftt>m  the  fire,  turning  it  round  several 
times,  until  the  heat  has  thinned  it ;  then  have  something  that  will  hold  as  much  as  double 
the  quantity  of  balsam ;  carry  the  balsam  from  the  fire,  and,  while  fluid,  mix  it  with  the 
same  quantity  of  good  turpentine,  and  shake  them  together  until  they  are  well  incorpora- 
ted;  in  a  few  days  the  varnish  is  fit  for  use,  particularly  if  it  is  poured  into  a  half-gallon 
glass  or  stone  bottle,  and  kept  in  a  gentle  warmth.  This  varnish  is  used  for  maps,  prints, 
charts,  drawings,  paper  ornaments,  &c. ;  and  when  made  upon  a  larger  scale,  requires 
only  warming  the  balsam  to  mix  with  the  turpentine. 

White  hard  spirit-of-wine  vamieh, — Put  6  pounds  of  gum  sandarach  into  a  four-gallon 
tin  bottle,  with  2  galions  of  spirits  of  wine,  60  over  proof,  and  agitate  it  until  dissolved, 
exactly  as  directed  for  the  best  mastic  varnish,  recoUeieting,  if  washed  glass  is  used,  that 
it  is  convenient  to  dip  the  bottle  containing  the  gum  and  spirits  into  a  eopperful  of  hot 
water  every  10  minutes — the  bottle  to  be  immersed  only  2  minutes  at  a  time — ^which  wffl 
greatly  assist  the  dissolving  of  the  gum ;  but,  above  all,  be  careful  to  keep  a  firm  hokl 
over  the  cork  of  the  bottle,  otherwise  the  rarefaction  will  drive  the  cork  ont  with  thi 


1276  VARNISH. 

force  of  a  shot,  and  perhaps  s«t  fire  to  the  place.  The  bottle,  every  time  it  is  heitd, 
OQght  to  be  carried  away  from  the  fire ;  the  cork  should  be  eased  a  Uttle,  to  aUow  the 
rarefied  air  to  escape ;  then  driven  tight,  and  the  agitation  continued  in  this  manner 
until  all  the  gum  is  properly  dissolved ;  which  is  easily  known  by  having  an  empty  tin 
can  to  pour  the  varnish  into,  until  near  the  last,  which  is  to  be  poured  into  a  gallon  mea- 
tore.  If  the  gum  is  not  all  dissolved,  return  the  whole  into  the  four-gallon  tin,  and  eoB- 
tinue  the  agitation  until  it  is  ready  to  be  strained,  when  every  thing  ought  to  be  quite 
ready,  and  perfectly  clean  and  dry,  as  oily  tins,  funnels,  strainers,  or  any  thing  damp,  or 
even  cold  weather,  will  chill  and  spoil  the  varnish.  AAer  it  is  strained  ofi*,  put  into  the 
varnish  one  quart  of  very  pale  turpentine  varnish,  and  shake  and  mix  the  two  weD 
together.  Spirit  varnishes  should  be  kept  well  corked;  they  are  fit  to  use  the  day  after 
being  made. 

Brvwn  hard  tpirit  vamishy  is  made  by  putting  into  a  bottle  3  pounds  of  gum  sandaraeh, 
with  2  pounds  of  shellac,  and  2  gallons  of  spirits  of  wine,  60  over  proof;  proeeedmg 
exactly  as  before  directed  for  the  white  hard  varnish,  and  agitating  it  when  eold,  whidi 
requires  about  4  hours'  time,  without  any  danger  of  fire ;  whereas,  making  any  spirit 
varnish  by  heat  is  always  attended  with  danger.  No  spirit  varnish  ought  to  be  made 
either  near  a  fire  or  by  candle  light.  When  this  brown  hard  is  strained,  add  one  quart  of 
torpentine  varnish,  and  shake  and  mix  it  well :  next  day  it  is  fit  for  use. 

The  Chinete  vamishf  comes  from  a  tree  which  grows  in  Cochin-Chfna,  China,  and 
8iam.    It  forms  the  best  of  all  varnishes. 

Gold  lacker. — Put  into  a  clean  four-gallon  tin,  1  pound  of  ground  turmeric,  ]|  ooaeei 
of  powdered  gamboge,  3  j^  i)ound9  of  powdered  gum  sandaraeh,  {  of  a  pound  of  shellic,  and 
2  gallons  of  spirits  of  wine.  AAer  being  agitated,  dissolved,  and  strained,  add  1  pint  cf 
turpentine  varnish,  well  mixed. 

Red  spirit  lacker.  Pale  braat  leuker. 


2  gallons  of  spirits  of  wine ; 

1  pound  of  drago'i's  blood ; 

3  pounds  of  Spanish  annotto ; 
3}  pounds  of  gum  sandaraeh ; 

2  pints  of  turpentine. 

Made  exactly  as  the  yellow  gold  lacker. 


2  gallons  of  spirits  of  wine ; 

3  ounces  of  Cape  aloes,  cut  small ; 
1  pound  of  fine  pale  shellac; 

1  ounce  gamboge,  cut  small. 
No  turpentine   varnish.     Made  exactly  ai 
before. 


Bat  observe,  that  those  who  make  lackers,  frequently  want  some  paler,  and  some  darker, 
and  sometimes  inclining  more  to  the  particular  tint  of  certain  of  the  component  ingredi- 
ents. Therefore,  if  a  four-ounce  vial  of  a  strong  solution  of  each  ingredient  be  prepared, 
a  lacker  of  any  tint  can  be  produced  at  any  time. 

Preparation  of  linseed  oil  for  making  varnishes. — Put  25  gallons  of  linseed  oil  into  u 
iron  or  copper  pot  that  will  hold  at  least  30  gallons;  put  a  fire  under,  and  gradually  ift- 
erease  the  heat,  so  that  the  oil  may  only  simmer,  for  2  hours ;  during  that  time  the  grest- 
est  part  of  its  moisture  evaporates;  if  any  scum  arises  on  the  surface,  skim  it  ofl^and 
put  that  aside  for  inferior  purposes.  Then  increase  the  fire  gradually,  and  sprinkle  is, 
by  a  little  at  a  time,  3  lbs.  of  scale  litharge,  3  lbs.  of  good  red  lead,  and  2  lbs.  of  Turkey 
umber,  all  well  dried  and  free  from  moisture.  If  any  moist  driers  are  added,  they  wiD 
cause  the  oil  to  tumefy ;  and,  at  the  same  time,  darken  it,  causing  it  to  look  opaque  tad 
thick,  ropy  and  clammy,  and  hindering  it  from  drying  and  hardening  in  proper  time;  be- 
sides, it  will  lie  on  the  working  painting  like  a  piece  of  bladder  skin,  and  be  very  apt  to 
rise  in  blisters.  As  soon  as  all  the  driers  are  added  to  the  oil,  keep  quietly  stirring  Ike 
driers  from  the  bottom  of  the  pot ;  otherwise  they  will  burn,  which  will  cause  the  oil  ts 
blacken  and  thicken  before  it  is  boiled  enough.  Let  the  fire  be  so  regulated  that  the  oil 
shall  only  boil  slowly  for  three  hours  from  the  time  all  the  driers  were  added ;  if  it  tliea 
eeases  to  throw  up  any  scum,  and  emits  little  or  no  smoke,  it  is  necessary  to  test  its  tCB- 
perature  by  a  few  quill  tops  or  feathers.  Dip  a  quill  top  in  the  oil  every  two  mioatcii 
for  when  the  oil  is  boiled  enough,  the  quill  top  will  crackle  or  curl  up  quite  burnt;  if  iO| 
draw  out  the  fire  immediately,  and  let  the  oil  remain  in  the  pot  at  least  from  10  to  21 
hours,  or  longer  if  convenient,  for  the  driers  settle  much  sooner  when  the  oil  is  M  to 
cool  in  the  pot,  than  when  it  is  immediately  taken  out. 

Poppy  oil, — Into  four  pints  of  pure  soft  water,  put  two  ounces  of  foreign  white  vitriol] 
warm  the  water  in  a  clean  copper  pan,  or  glazed  earthen  jar,  until  the  vitriol  is  dissotf- 
ed ;  pour  the  mixture  into  a  clean  glass  or  stone  bottle,  large  enough  to  contain  three 
gallons;  then  add  to  the  solution  of  vitriol  one  gaUon  and  a  half  of  poppy  oil,  eork  lad 
mutate  the  bottle  regularly  and  smartly  for  at  least  two  hours;  then  pour  out  the  conteatt 
into  a  wide  earthenware  dish :  leave  it  at  rest  for  eight  days,  when  the  oU  will  be  elesa 
and  brilliant  on  the  surface,  and  may  be  taken  off  with  a  spoon  or  flat  skimmer,  and  pnl 
up  in  a  glass  bottle  and  exposed  to  the  light,  which  in  a  few  weeks  renders  tbe  oil 
bgly  limpid  and  colorless. 
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Nut-on,  or  oU  of  walnuts,  is  extracted  by  expression ;  and  that  which  is  extracted 
withoat  heat,  is  certainly  the  most  pale,  pure,  and  nutritive  seasoning,  and  retains  an 
exquisite  taste  of  the  fruit.  That  designed  for  the  arts  is  of  inferior  quality,  and  it 
plentifully  imported  to  us  from  France ;  the  heat  it  undergoes  in  its  torrefaction,  previous 
to  its  expression,  disposes  it  to  dry  more  quickly  than  that  expressed  by  the  cold  process  $ 
but,  at  the  same  time,  the  heat,  though  it  frees  it  from  its  unctuous  quality,  gives  it  more 
color.  When  it  has  been  extracted  by  the  cold  process,  it  may  be  prepared  in  Uie  same  way 
ms  directed  for  the  poppy  oil. 

In  the  above  article  I  have  retained  the  workmen's  names — gum^  white  vitriol,  4tc.y 
instead  of  resin,  sulphate  of  zinc,  &c. 

VEINS  (Filons,  Fr. ;  Gange,  Germ.),  are  the  fissures  or  .rents  in  rocks,  which  are  filled 
with  peculiar  mineral  substances,  most  commonly  metallic  ores. 

VEIN  STONES,  or  GANGUES,  are  the  mineral  substances  which  accompany,  andfire- 
quently  enclose,  the  metallic  ores. 

VELLUM,  is  a  fine  sort  of  Parchment,  which  see. 

VELVET  (Vdoun,  Fr. ;  Sammet,  Germ.),  a  peculiar  stuff,  the  nature  of  which  is  ex- 
plained under  Fustian  and  Textile  Fabrics. 

VENETIAN  CHALK,  is  Steatite. 

VENUS,  is  the  mythological  name  of  copper. 

VENTILATION,  or  the  renewal  of  fresh  air  in  stagnant  places,  is  nowhere  exhibited 
to  such  advantage  as  in  the  coal  mines  of  Northumberland  and  Durham,  where 
Mr.  Buddie  has  carried  well  nigh  to  systematic  perfection  the  plan  of  coursing  the 
air  through  the  winding  galleries,  originally  contrived  about  the  year  1760,  by  Mr.  James 
Spedding,  of  Workyigton,  the  ablest  pitman  of  his  day,.*  He  converted  the  whole  of 
the  passages  into  air-pipes,  so  to  speak,  drew  the  current  of  air  from  the  downcast  pit, 
then  traversed  it  up  and  down,  and  round  about,  through  the  several  sheaths  of  the 
workings,  so  that  no  particular  gallery  was  left  without  a  current  of  air.  He 
thereby  succeeded  in  actually  expelling  the  noxious  gases  from  the  mines;  those 
demons,  which  in  Germany,  at  no  remote  era,  were  wont  to  be  combated  by  the  priests 
with  impotent  exorcisms  or  pious  frauds.  Before  Mr.  Buddie  introduced  his  im- 
provements, he  has  known  the  air  to  be  led  through  a  series  of  workings,  thirty  miles 
long,  before  it  made  its  exit.  There  is  in  every  coal  mine  an  experienced  corps,  called 
wastemen,  because  they  travel  over  the  waste,  or  the  exhausted  regions,  who  can  tell  at 
once,  by  the  whistling  sound  which  the  air  makes  at  the  crevices  in  certain  partitions  and 
doors,  whether  the  ventilation  be  in  good  condition  or  not.  They  hear  these  stoppings 
begin  to  sing  or  call,  as  they  say,  whenever  an  interruption  takes  place  in  any  point  of  the 
labyrinthian  line.  Another  indication  of  something  being  wrong,  is  when  the  doors  get  so 
heavy,  that  the  boys  in  attendance  upon  them  find  them  difficult  to  shut  or  open.  The 
instant  such  a  defect  is  discovered  by  any  one,  he  cries  aloud,  <<  Holloa,  there  is  something 
wrong — the  doors  are  calling !" 

In  Mr.  Spedding's  system,  the  whole  of  the  return  air  came  in  one  current  to  hii 
rarefying  furnace  (see  letter  c,Jig,  1158),  whether  it  was  at  the  explosive  point  or  not. 
This  distribution  was  often  fraught  with  such  danger,  that  a  torrent  of  water  had  to  be 
kept  in  readiness,  under  the  name  of  the  waterfall,  to  be  letdown  to  extinguish  the  fire  in  • 
moment.  Many  explosions  at  that  time  occurred,  from  the  furnaces  below,  and  also  down 
through  tubes  from  the  furnaces  above-ground. 

About  the  year  1807,  Mr.  Buddie  had  his  attention  intensely  occupied  with  this  most 
important  object,  and  then  devised  his  plan  of  a  divided  current,  carrying  that  portion 
through  the  active  furnace  c,/ig,  1 158,  and  the  portion  of  the  air  from  the  foul  workings 
of  the  air  which,  descending?  in  the  downcast  pit  a,  coursed  through  the  dean  workings^ 
up  the  dumb  furnace  d,  till  it  reached  a  certain  elevation  in  b,  the  upcast  pit,  above  the 
fireplace.  Tiie  pitmen  had  a  great  aversion,  however,  at  first,  to  adopt  this  plan,  as  thej 
thought  that  the  current  of  air,  by  being  split,  would  lose  its  ventilating  power ;  but 
they  were,  ere  Ion?,  convinced  by  Mr.  Buddie  to  the  contrary.  He  divides  the  main 
current  into  two  separate  streams,  at  the  bottom  of  the  pit  a,  as  shown  by  darts  in  the 
figure ;  tlie  feathered  ones,  representing  that  part  of  the  pit  in  which  the  course  of  the 
current  of  air  is  free  from  explosive  mixture,  or  does  not  contain  above  one  thirtieth 
of  carburete<l  hydrogen,  as  indicated  by  its  effect  upon  the  flame  of  a  candle.  The 
naked  darts  denote  the  portions  of  the  mine  where  the  air,  being  charged  to  the  firing 
point,  is  led  off  towards  d,  the  dumb  furnace,  which  communicates  with  the  hot  upcast 
thafl,  out  of  reach  of  the  flame,  and  thence  derives  its  power  of  draught.  By  suitable  alter- 
ntions  in  the  stoppings  (see  the  various  transverse  lines,  apd  the  crosses),  any  portion  of 
the  workings  may,  by  the  agency  of  the  furnace,  be laidout  of,  or  brought  within,  the 
course  of  the  vitiated  current,  at  the  pleasure  of  the  skilful  mine-viewer ;  so  that,  if  he 
found  it  necessary,  he  could  confine,  by  proper  arrangements  of  his  furnace,  all  the 
▼itiated  current  to  a  mere  gas-pipe  or  driA,  and  direct  it  wholly  through  the  dumb  for- 
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B*ce.  Daring  ■  pracliec  of  lirenty  jetn,  Mr.  Boddlc  hu  not  met  with  uiy  sceidat  > 
eoBFcqaence  of  a  defect  in  the  stoppings  preTenling  the  complrte  diviuon  of  the  ta. 
The  eagiaeer  hai  it  thus  within  hii  powrr  to  delaeh  or  iotnUte  tboac  poctioai  of  Ai 
mine  in  which  there  i»  a  ;real  nodstion  of  gu,  rrom  the  reat ;  aod,  indeed,  be  ia  »■ 
tiniully  making  chanjies,  trairowiag  and  lending  cnrrents,  bo  Io  Bpeak  i  •omeliBMS  lajiif 
one  dififion  or  panel  upon  Ihe  one  air-course,  and  (omettmei  npoD  the  other,  jut  It 
foit  the  immediate  emergene)r.  As  soon  as  toy  district  haa  ceaaed  to  be  dangerom,  If 
the  exhaustion  of  the  tni-bJoweT^  it  is  iiansrerm]  Tnim  the  foul  lo  the  p«r«  air  eooiae,  witn 
gunpowder  may  t>e  safely  used,  as  also  candles,  instead  of  DaTj^  lamps,  which  give  lot 
light. 

Theqnantityof  air  put  down  into  the  Wall»end  eol1ier7,  at  the  time  of  the  last  dreadlU 
accident,  tSih  Jane,  1835,  was  not  leia  than  9000  cubic  feet  per miante,  whence  it  hasbta 
jnsti]'  inlerred  that  the  explosion  was  caused  by  the  rashness  of  a  waateman  canriafi 
light  through  a  door  into  a  foul  drift. 

Till  the  culling  out  of  the  pillart  eommenees  (see  the  ritht  end  tiC  Ihe  diognun),  Ik 
Tentilation  of  the  several  pamaKel,  boards,  Jcc,  miy  be  kept  perfect,  suppoeiag  tk 
working  extended  no  further  than  a,  or  b ;  because,  as  long  as  there  arc  pillara  ft*~'iT^ 


la. 

mat 

for  leading  a  correnl  of  air  in  iiy 


every  passage  may  be  converted  into  an  air-condoi ,  _  _  , , 

diieelion,  either  to  c,  the  burning,  or  o,  the  damb  rurnaee.  Bat  the  flrat  pillar  thU  il 
nmovrd  deranges  the  ventilation  at  that  spot,  and  takes  away  the  means  of  carryiag  tk* 
air  into  the  further  recess  towards  c.  In  takine  out  the  pillars,  the  minera  always  wotkH 
windward,  that  is  to  say,  against  the  stream  of  airi  so  that  whatever  gas  may  be  eiidid 
Aall  be  immedistely  earned  olf  from  the  people  at  work.  When  a  range  of  pillars  tat 
lieen  remored,  as  at  d,  t,f,  no  power  remains  of  dislodging  the  ga*  from  Ihe  sectioa  <t 
fl)e  mine  beyond  a,  b  ;  and  as  the  pillars  are  successively  cut  away  to  the  lefl  band  oTtk 
line  a,  b,  the  siie  of  the  goq/j  or  void,  is  increased.  This  vacaity  is  a  true  gas-boldci,^ 
reservoir,  continually  discharging  itself  at  Ihe  points  g,  h,  i,  into  the  eircalating  cnnt^ 
ID  be  carried  off  by  the  gas-pipe  drin  at  the  dnmb  fnrnaee,  but  not  to  be  snfferal  rvcf  Is 
come  in  contact  with  Hame  of  any  description.  The  neii  range  of  wortqi^  is  the  law 
«f  pillars  to  the  left  of  a,b;  the  coal  having  been  entirety  cleared  out  of  lh»apaee  Is  Ike 

ffi'  hl,wfiere  the  plaee  of  the  pillars  is  marked  by  doited  lines.  The  roof  in  the  wasteioN 
Is  down,  and  gelsfraetared  up  to  the  next  seam  of  coal,  called  the  yard-coal  seam,  wU^ 
■bounding  in  gas,  sends  il  down  in  larse  quantities,  and  keeps  the  immetise  gasaotela,  tr 
goafbelow,  continually  replenished.    See  Stove. 

VERATRINE,  ia  a  vegetable  alkali,  of  a  poisonous  nature,  extracted  frtta  tta 
■eeds  of  ihe  Vtratrvm  labadiUa,  the  mots  of  the  Vtralmm  aBuHn,  or  white  hellebore,  sb4 
of  Coithicam  aiittimnale,  or  meadow  saffron,  in  which  plants  it  exists  coablDed  eliielT 
with  gaDic  acid.  Il  is  obtained  in  the  form  of  a  white  powder.  Il  baa  an  acrid,  bora- 
iag  taste,  but  without  any  bilterneis  ;  it  has  no  smell ;  but  when  snuffed  into  the  aiMril% 
it  excites  violent  snd  dsngrroas  sneezing.  Il  mells  at  a  beat  of  US'  F.,  and  coDCieM^ 
on  cooling,  into  a  transparent  yellowish  mass.  It  restores  the  blue  ctdorrf  reddened 
litmus  paper.  It  is  hirdly  soluble  in  water  or  ether,  but  abandantly  in  alcohoL  It 
consists  of— carbon  66-75,  hydrogen  8'M,  nitrogen  5'04,  and  oxygen  19-60.  Its  saliae 
compounds  have  an  acrid  and  burning  taste.  Teratrine  resembles  stlyehnineaad  brndae, 
in  its  efTeels  upon  living  bodies,  producing  tetanus  and  death  in  a  moderate  doie;  dc*- 
withslanding  which,  il  has  been  prescribed  by  some  of  our  poison  doetot*,  eapecialty  wiiti 
with  hog^  lard,  in  the  form  of  (Ketioa*  on  the  rorehg^  flr  Bi 
I  belieTE,  with  aay  good  gffixta. 
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VERDIGRIS.  (Vert-de-gris,  Fr. ;  OrHnspan,  Genn.)  The  copper  used  in  this 
nannfactare,  is  formed  into  round  sheets,  from  20  to  25  inches  diameter,  by  one  twenty- 
foarth  of  an  inch  in  thickness.  Each  sheet  is  then  divided  into  oblong  squares,  from  4 
to  6  inches  in  length,  by  3  broad ;  and  weighing  about  4  ounces.  They  are  separately 
beaten  upon  an  anvil,  to  smooth  their  surfaces,  to  consolidate  the  metal,  and  to  free  it 
llrom  scales.  The  refuse  of  the  grapes,  after  the  extraction  of  their  juice,  formerly 
thrown  on  to  the  dunghill,  is  now  preserved  for  the  purpose  of  making  verdigris.  It  is 
put  loosely  into  earthen  vessels,  which  are  usually  16  inches  high,  14  in  diameter  at 
the  widest  part,  and  about  12  at  the  mouth.  The  vessels  are  then  covered  with  Uds, 
which  are  surrounded  by  straw  mats.  In  this  situation  the  materials  soon  become 
heated,  and  exhale  an  acid  odor ;  the  fermentation  beginning  at  the  bottom  of  the  cask, 
and  gradually  rising  till  it  actuate  the  whole  mass.  At  the  end  of  two  or  three  days, 
the  manufacturer  removes  the  fermenting  materials  into  other  vessels,  in  order  to  check 
the  process,  lest  putrefaction  should  ensue.  The  copper  plates,  if  new,  are  now  pre- 
pared, by  rubbing  them  over  with  a  linen  cloth  dipped  in  a  solution  of  verdigris;  and  they 
•re  laid  up  alongside  of  one  another  to  dry.  If  the  plates  are  not  subjected  to  this 
kind  of  preparation,  they  will  become  black,  instead  of  green,  by  the  first  operation. 
When  the  plates  are  ready,  and  the  materials  in  a  fermenting  state,  one  of  them  is  put 
into  the  earthen  vessel  for  24  hours,  in  order  to  ascertain  whether  it  be  a  proper  period 
to  proceed  to  the  remaining  part  of  the  process.  If,  at  the  end  of  this  period,  the  plate 
be  covered  with  a  uniform  green  layer,  concealing  the  whole  copper,  everything  ii 
right;  but  if,  on  the  contrary,  liquid  drops  hang  on  the  surface  of  the  metal,  the  work- 
men say  the  plates  are  sweating,  and  conclude  that  the  heat  of  the  fermented  mass  has 
been  inadequate ;  on  which  account  another  day  is  allowed  to  pass  before  making  a  simi- 
lar trial.  When  the  materials  are  finally  found  to  be  ready,  the  strata  are  formed  in  the 
following  manner.  The  plates  are  laid  on  a  horizontal  wooden  grating,  fixed  in  the 
mkldle  of  a  vat,  on  whose  bottom  a  pan  full  of  burning  charcoal  is  placed,  which  heats 
them  to  such  a  degree,  that  the  women  who  manage  this  work  are  obliged  to  lay  hold 
of  them  frequently  with  a  cloth  when  they  liA  them  out.  They  are  in  this  state  put 
into  earthen  vessels,  in  alternate  strata  with  the  fermented  materials,  the  uppermost 
and  undermost  layers  being  compos^  of  the  expressed  grapes.  The  vessels  are  covered 
with  their  straw  mats,  and  left  at  rest.  From  30  to  40  pounds  of  copper  are  put  into 
one  vessel. 

At  the  end  of  10,  12,  15,  or  20  days  the  vessels  are  opened,  to  ascertain,  by  the 
materials  having  become  white,  if  the  operation  be  completed. 

Detached  glossy  crystals  will  be  perceived  on  the  surface  of  the  plates ;  in  which 
case  the  grapes  are  thrown  away,  and  the  plates  are  placed  upright  in  a  comer  of  the 
▼erdigris  cellar,  one  against  the  other,  upon  pieces  of  wood  laid  on  the  ground.  At  the 
end  of  two  or  three  days  they  are  moistened  by  dipping  in  a  vessel  of  water,  after  which 
they  are  replaced  in  their  former  situation,  where  they  remain  seven  or  eight  days,  and 
are  then  subjected  to  momentary  immersion,  as  before.  This  alternate  moistening  and 
exposure  to  air  is  performed  six  or  eight  times,  at  regular  intervals  of  about  a  week.  As 
these  plates  are  sometimes  dipped  into  damaged  wine,  the  workmen  term  these  immer- 
sions, one  wine,  two  wines,  &c. 

J^  this  treatment,  the  plates  swell,  become  green,  and  covered  with  a  stratum  of 
T^Sgris,  which  is  readily  scraped  off  with  a  knife.  At  each  operation  every  vessel  yields 
fVom  five  to  six  pounds  of  verdigris,  in  a  fresh  or  humid  state ;  which  is  sold  to  whole- 
sale dealers,  who  dry  it  for  exportation.  For  this  purpose,  they  knead  the  paste  in 
wooden  troagN^  and  then  transfer  it  to  leathern  bags,  a  foot  and  a  half  long,  and  ten 
inches  in  dhhaeter.  These  bags  are  exposed  to  the  sun  and  air  till  the  verdi^^  has  at- 
tained a  sufficient  degree  of  hardness.  It  loses  about  half  its  weight  in  this  operation; 
and  it  is  si|id  to  be  knife-proof,  when  this  instrument,  plunged  through  the  leathern  bag, 
cannot  penetrate  the  loaf  of  verdigris. 

The  manufacture  of  verdigris  at  Montpellier  is  altogether  domestic.  In  DX>8t  wine 
fium-houses  there  is  a  verdigris  cellar;  and  its  principal  operations  are  conducted  by  the 
females  of  the  family.  They  consider  the  forming  the  strata,  and  scraping  off  the  ver- 
digris, the  most  troublesome  part.  Chaptal  says  that  this  mode  of  making  verdigris  would 
admit  of  some  improvements ;  for  example,  the  acetification  requires  a  warmer  tempera- 
ture than  what  usually  arises  in  the  earthen  vessels;  and  the  plates,  when  set  aside  to 
generate  the  coat  of  verdigris,  require  a  different  degree  of  heat  and  moisture  ftom  that 
requisite  for  the  other  operations. 

Verdigris  is  a  mixture  of  the  crystallized  acetate  of  copper  and  the  sub-acetate,  in 
Tarying  proportions.  According  to  Vauquelin's  researches,  there  are  three  compounds 
cf  oxyde  of  copper  and  acetic  acid ;  1.  a  subacetate,  insoluble  in  water,  but  decomposing 
In  that  fluid,  at  common  temperatures  changing  into  peroxyde  and  acetate ;  2.  a  neutral 
acetate,  the  solution  of  which  is  not  altered  at  common  temi%eratures,  but  is  decomposed 
by  ebullition^  becoming  peroxyde  and  superacetate ;   and,  3.  superacetate,  which  in 
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solaiion  is  not  decomposed,  either  at  common  temperatures  or  at  Uie  boiliBg  pcnnt;  uA 
which  cannot  be  obtained  in  crystals,  except  by  slow  spontaneous  evapormtioQ,  in  air « 
in  vacuo.  The  first  salt,  in  the  dry  stale,  contains  66*51  of  oxyde;  the  seeoady  44-44; 
and  the  third,  33-34. 

Mr.  Phillips  has  given  the  following  analyses  of  French  aad  English  TcfAgriii 
jhtnaU  o/PkUosophy,  No.  21. — 

French  Vefdigris*    Eofluh  VenUfiia. 

Acetic  acid  -    29-3  29*62 

Peroxyde  of  copper    43*5  44-25 

Water  -        -    25-2  25-51 

Imparity       .        -      20  0  62 

100-0  100-00 

Distilled  verdigris,  as  it  was  long  erroneously  called,  is  merely  a  binacetaie  or  soper- 
acetate  of  copper,  made  by  dissolvins:,  in  a  copper  kettle,  one  part  of  verdisTri^  in  tvocT 
distilled  vines;ar;  aiding  the  mutual  action  by  slight  heat  and  agitation  with  a  wooia 
spatula.  When  the  liquor  has  taken  its  utmost  depth  of  color,  it  is  allowed  to  sefde^ 
and  the  clear  portion  is  decanted  off  into  well-glazed  earthen  vessels.  Fresh  Tioegirii 
poured  on  the  residuum,  and  if  its  color  does  not  become  deep  enough,  more  ▼erdigrii  ii 
added.  The  clear  and  saturated  solution  is  then  slowly  evaporated,  in  a  ressel  kep. 
uniformly  filled,  till  it  acquires  the  consistence  of  sirup,  and  shows  a  pellicle  on  its  at- 
face;  when  it  is  transferred  into  glazed  earthen  pans,  called  oulas  in  the  country.  It 
each  of  these  dishes,  two  or  three  sticks  are  placed,  about  a  foot  lone,  cleA  till  wiHii 
two  inches  of  their  upper  end,  and  having  the  base  of  the  cleft  kept  asunder  by  a  hit  tf 
wood.  This  kind  of  pyramid  is  suspended  by  its  summit  in  the  liquid.  All  these  vesadi 
are  transported  into  crystallizing  rooms,  moderately  heated  with  a  stove,  and  leA  is  the 
same  state  for  15  days,  taking  cere  to  maintain  a  uniform  temperature.  Thus  areob* 
tained  very  fine  groups  of  crystals  of  acetate  of  copper,  clustered  round  the  wooden  rods; 
on  which  they  are  dried,  taken  off,  and  sent  into  the  market.  They  are  distinctly  rboiD- 
boidal  in  form,  and  of  a  lively  deep  blue  color.  Each  cluster  of  cr^'stals  weighs  froa 
A^c  to  six  pounds ;  and,  in  general,  their  total  weight  is  equal  to  about  one  third  tjftht 
verdigris  employed. 

The  crystallized  binacetate  of  commerce  consists,  by  my  analysis,  of — acetic  acid,  52; 
oxyde  of  copper,  39-6;  water,  8*4,  in  100.  I  have  prepared  crj'sials  which  contain  ■« 
water.  There  is  a  triple  acetate  of  copper  and  lime,  which  resembles  distilled  verdigris  is 
color.  It  was  manufactured  pretty  extensively  in  Scotland  some  years  aco,  and  fetched  i 
high  price,  till  I  published  an  analysis  of  it  in  the  Edinburgh  Philosophical  Journal.  It 
is  much  inferior,  for  all  uses  in  the  arts,  to  the  proper  binacetate. 

VERDITER,  or  BLUE  VERDITER.  This  is  a  precipitate  of  oxyde  of  copper  witi 
lime,  made  by  adding  that  earth,  in  its  purest  state,  to  the  solution  of  nitrate  of  copper, 
obtained  in  'quantities  by  the  refiners,  in  parting  gold  and  silver  from  copper  by  nitric 
acid.  The  cupreous  precipitate  must  be  triturated  with  lime,  after  it  is  nearly  dry,  to 
bring  out  the  fine  velvety  blue  color.  The  process  is  delicate,  and  readily  misgives  is 
unskilful  hands. 

The  cendres  bieues  en  pate  of  the  French,  though  analogous,  are  in  some  respects  a  dif> 
ferent  preparation.  To  make  it,  dissolve  sulphate  of  copper  in  hot  water,  in  suchj|p> 
portions  that  the  liquid  may  have  a  density  of  1*3.  Take  240  pound  measures  of  thn>> 
lution,  and  divide  it  equally  into  4  open-headed  casks;  add  to  each  of  these  45  pooad 
measures  of  a  boiIin?-hot  solution  of  muriate  of  lime,  of  specific  gravity,  1*317,  whereby 
a  double  decomposition  will  ensue ;  with  the  formation  of  muriate  of  copper  and  snlpktte 
of  lime,  which  precipitates.  It  is  of  consequence  to  work  the  materials  well  together 
at  the  moment  of  mixture,  to  prevent  the  precipitate  agglomerating  in  unequal  masses. 
AAer  leaving  it  to  settle  for  12  hours,  a  small  quantity  of  the  clear  liquor  may  be  ex- 
amined, to  see  whether  the  just  proportions  of  the  two  salts  have  been  employed,  which 
is  done  by  adding  either  sulphate  of  copper  or  muriate  of  lime.  Should  either  cause 
much  precipitation,  some  of  the  other  must  be  poured  in  till  the  equivalent  decompositioB 
be  accomplished ;  though  less  harm  results  from  an  excess  of  sulphate  of  copper  than  of 
muriate  o^lime. 

The  muriate  of  copper  is  to  be  decanted  from  the  subsided  gypsum,  which  must  be 
drained  and  washed  in  a  filter;  and  these  blue  liquors  are  to  be  added  to  the  stronger | 
and  the  whole  distributed,  as  before,  into  4  casks ;  composing  in  all  670  pound  measuei 
of  a  green  liquor,  of  1*151  specific  gravity. 

Meanwhile,  a  magma  of  lime  is  to  be  prepared  as  follows: — 100  pounds  of  quidt- 
lime  are  to  be  mixed  up  with  300  pounds  of  water,  and  the  mixture  is  to  be  passed 
through  a  wire-gauze  sieve,  to  separate  the  sandy  and  stony  particles,  and  then  to  be 
ground  in  a  proper  mill  to  an  impalpable  paste.  About  70  or  80  pounds  of  this  mix- 
ture (the  beauty  of  the  color  is  inversely  as  the  quantity  of  lime)  are  to  be  distribiitfld 
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kk  equal  portions  between  the  four  casks,  strongly  stirring  all  the  time  with  a  wooden 
•patala.  It  is  then  left  to  settle,  and  the  limpid  liqaor  is  tested  by  ammonia,  which 
CHight  to  occasion  only  a  faint  blue  tinge;  but  if  the  color  be  deep  bloe,  more  of  the 
lime  paste  must  be  added.  The  precipitate  is  now  to  be  washed  by  deeantation,  em- 
ploying for  this  purpose  the  weak  washings  of  a  former  operation ;  and  it  is  lastly  to  be 
trained  and  washed  on  a  cloth  filler.  The  proportions  of  material  prescribed  above, 
Tarnish  from  500  to  540  pounds  of  green  paste. 

Before  making  further  use  of  this  paste,  the  quantity  of  water  present  in  it  must  be 
determined  by  drying  100  or  200  grains.  If  it  contain  27  per  cent,  of  dry  matter,  12 
pounds  of  it  may  be  put  into  a  wooden  bucket  (and  more  or  less  in  the  ratio  of  12  to 
S7  per  cent.)  capable  of  containing  I7|  pints ;  a  pound  (measure)  of  the  lime  paste  is  then 
to  be  rapidly  mixed  into  it ;  immediately  aAerwards,  a  pint  and  a  quarter  of  a  watery  so- 
lution of  the  pearlash  of  commerce,  of  spec.  grav.  1*114,  previously  prepared;  and  the 
whole  mixture  is  to  be  well  stirred,  and  immediately  transferred  to  a  color-mill.  The 
quicker  this  is  done,  the  more  beautiful  is  the  shade. 

On  the  other  hand,  two  solutions  must  have  been  previously  made  ready,  one  of  sal- 
ammoniac  (4  oz.  troy  dissolved  in  3)  pints  of  water),  and  another  of  sulphate  of  copper 
(8  oz.  troy  dissolved  in  3|  pints  of  water). 

When  the  paste  has  come  entirely  through  the  mill,  it  is  to  be  quickly  put  into  • 
jar,  and  the  two  preceding  solutions  are  to  be  simultaneously  pour«i  into  it ;  when  a 
eork  is  to  be  inserted,  and  the  jar  is  to  be  powerfully  agitated.  The  cork  must  now  be 
secured  with  a  fat  lute.  At  the  end  of  four  days  this  jar  and  three  of  its  fellows  are  to 
be  emptied  into  a  large  hogshead  nearly  full  of  clear  water,  and  stirred  well  with  a 
paddle.  AAer  repose,  the  supernatant  liquid  is  run  off;  when  it  is  filled  up  again  with 
water,  and  elutriated  several  times  in  succession,  till  the  liquid  no  longer  tinges  turmerie 
paper  brown.  The  deposite  may  be  then  drained  on  a  cloth  filter.  The  pigment  is 
fold  in  the  state  of  a  paste ;  and  is  used  for  painting,  or  printing  paper-hangings  for  the 
walls  of  apartments. 

The  above  prescribed  proportions  furnish  the  superfine  blue  paste :  for  the  second 
quality,  one  half  more  quicklime  paste  is  used ;  and  for  the  third,  double  of  the  lime  and 
nl  ammoniac ;  but  the  mode  of  preparation  is  in  every  case  the  same. 

This  paste  may  be  dried  into  a  blue  powder,  or  into  crayons  for  painters,  by  exposing 
*t  on  white  deals  to  a  very  gentle  heat  in  a  shady  place.  This  is  called  cendres  hleuu 
m  pUrre. 

VERDITER,  or  BREMEN  GREEN.  This  pigment  is  a  light  powder,  like  magnesia, 
leaving  a  blue  or  bluish  green  color.  The  first  is  most  esteemed.  When  worked  up  with 
oil  or  glue,  it  resists  the  air  very  well ;  but  when  touched  with  lime,  it  is  easily  affected, 
provided  it  has  not  been  long  and  carefully  dried.  A  strong  heat  deprives  it  of  its  lustre, 
and  gives  it  a  brown  or  blackish-green  tint. 

The  following  is,  according  to  M.  J.  6.  (3entele,  the  process  of  fabrication  in  Bremen, 
Cassel,  Eisenach,  Minden,  &c. : — 

a.  225  lbs.  of  sea  salt,  and  222  lbs.  of  blue  vitriol,  both  free  from  iron,  are  mixed  in  the 
dry  state,  then  reduced  between  mill-stones  with  water  to  a  thick  homogeneous  paste. 

b.  225  lbs.  of  plates  of  old  copper  are  cut  by  scissors  into  bits  of  an  inch  square,  then 
thrown  and  agitated  in  a  wooden  tub  containing  two  lbs.  of  sulphuric  acid,  diluted  with 
a  sufficient  quantity  of  water,  for  the  purpose  of  separating  the  impurities ;  they  are  after- 
wards washed  with  pure  water  in  casks  made  to  revolve  upon  their  axes. 

c.  The  bits  of  copper  being  placed  in  oxydation-chests,  along  with  the  magma  of 
common  salt  and  blue  vitriol  previously  prepared  in  strata  of  half  an  inch  thick,  they  are 
left  for  some  time  to  their  mutual  reaction.  The  above  chests  are  made  of  oakea 
l^anks  joined  without  iron  nails,  and  set  aside  in  a  cellar,  or  other  place  of  moderate 
lemperature. 

The  saline  mixture,  which  is  partially  converted  into  sulphate  of  soda  and  chloride  of 
copper,  absorbs  oxygen  from  the  air,  whereby  the  metallic  copper  passes  into  a  hydrated 
oxyde,  with  a  rapidity  proportioned  to  the  extent  of  the  snrflices  exposed  to  the 
atmosphere.  In  order  to  increase  this  exposure,  during  the  three  months  that  the 
process  requires,  the  whole  mass  must  be  turned  over  once  every  week,  with  a 
copper  shovel,  transferring  it  into  an  empty  chest  alongside,  and  then  back  into  the 
former  one. 

At  the  end  of  three  months,  the  corroded  copper  scales  mutt  be  picked  out,  and  the 
■aline  particles  separated  from  the  slimy  oxyde  with  the  help  of  as  little  water  as 
possible. 

d.  This  oxydized  Behlam^  or  mud,  is  filtered,  then  thrown,  by  means  of  a  bucket  eoa- 
ftaining  30  pounds,  into  a  tub,  where  it  is  carefully  divided  or  comminuted. 

t.  For  every  six  pailfuls  of  iehlam  thus  thrown  into  the  large  tub,  12  pounds  of 
Biuriatic  acid,  at  15^  Banm^,  are  to  be  added ;  the  mixture  is  to  be  stirred,  and  tkm 
left  at  rest  for  24  or  36  hoais. 
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/•  Ittto  another  tob^  called  die  bine  baelc»  there  is  to  be  introduced,  ui  like 
ihr  every  six  pailfols  of  ibe  acidified  sdUamy  15  similar  pailfals  of  a  solatkm  of  colorleM 
clear  caustic  alkali,  at  19°  Bkum^. 

g.  When  the  back  (e)  has  remained  long  enough  at  rest,  there  is  to  be  poured  into  it 
a  pail  of  pure  water  for  etery  pail  of  Mchlawu 

h.  When  all  is  thus  prepared,  the  set  of  workmen  who  are  to  empty  the  back  (c),  and 
those  who  are  to  stir  (/)>  must  be  placed  alongside  of  each.  The  first  set  transfer  the 
fflUam  rapidly  into  the  latter  back ;  where  the  second  set  mix  and  agitate  it  all  the  time 
requisite  to  conTcrt  the  mass  into  a  consistent  state,  and  then  leaTc  it  at  rest  Ihiai  36  to 
48  hours. 

The  whole  mass  is  to  be  now  washed ;  with  which  view  it  is  to  be  stirred  abont  with 
the  affusion  of  water,  allowed  to  settle,  and  the  suffematant  liquor  is  drawn  c/S,  Tint 
process  is  to  be  repeated  till  no  more  traces  f)f  potash  remain  among  the  blue.  The 
deposite  must  be  then  thrown  upon  a  filter,  where  it  is  to  be  kept  moist,  and  expssed 
freely  to  the  air.  The  pigment  is  now  squeezed  in  the  filter-bags,  cut  into  bits,  and  dried 
in  the  atmosphere,  or  at  a  temperature  not  exceeding  78^  Fahr.  It  is  only  after  the 
met  complete  desiccation  that  the  color  acquires  its  greatest  lustre. 

VERMICELLI,  is  a  paste  of  wheat  flour,  drawn  out  and  dried  in  slender  cylinder^ 
more  or  less  tortuous,  like  worms,  whence  the  Italian  name.    The  gnutu  of  the  Frenck 
is  wheat  coarsely  ground,  so  as  to  free  it  from  the  husk ;  the  hardest  and  whitest  pari, 
bring  separated  by  sifting,  is  preferred  for  making  the  finest  bread.    When  this  grass 
is  a  little  more  ground,  and  the  dust  separated  from  it  by  the  bolting-machine,  tks 
granular  sutotance  called  semouU  is  obtained,  which  is  the  basis  of  the  best  pasta; 
The  softest  and  purest  water  is  said  to  be  necessary  for  making  the  moat  plastic  fcr- 
micelli  dough  ;    12  pounds  of  it  being  usually  added  to  50  pounds  of  teinoa/le.    It  ii 
better  to  add  more  temouU  to  the  water,  than  water  to  the  atmouU^  in  the  act  of 
kneading.    The  water  should  be  hot,  and  the  dough  briskly  worked  while  still  warn. 
The  Italians  pile  one  piece  of  this  dough  upon  another,  and  then  tread  it  well  with 
their  feet  for  two  or  three  minutes.    They  afterwards  work  it  for  two  hours  witk  s 
powerful  rolling-pin,  a  bar  of  wood  from  10  to  12  feet  long,  larger  at  the  one  end  tbis 
the  other,  having  a  sharp  cutting  edge  at  the  extremity,  attached  to  the  large  kneadiB|- 
trough. 

When  the  dough  is  properly  prepared,  it  is  reduced  to  thin  ribands,  cylinders,  or 
tubes,  to  form  vermicelli  and  macaroni  of  dilfcrent  kinds.  This  operation  is  perfonsed 
bf  means  of  a  powerful  press.  This  is  vertical,  and  the  iron  plate  or  follower  carried  by 
the  end  of  the  screw  fits  exactly  into  a  cast-iron  cylinder,  called  the  beU,  like  a  saassft- 
machine,  of  which  the  bottom  is  perforated  with  small  holes,  of  the  shape  and  site  is- 
tended  for  the  vermicelli.  The  bell  being  filled,  and  warmed  with  a  charcoal  fire  to  this 
the  dough  into  a  paste,  this  is  forced  slowly  through  the  holes,  and  is  immediately  cooled 
and  drioi  by  a  fanner  as  it  protrudes.  When  the  threads  or  fillets  have  acquired  tke 
length  of  a  foot,  they  are  grasped  by  the  hand,  broken  ofi^  and  twisted,  while  still  flen* 
ble,  into  any  desired  shape  upon  a  piece  of  paper. 

The  macaroni  requires  to  be  made  of  a  less  compact  dough  than  fhe  venflicellL  Tbe 
former  is  forced  through  the  perforated  bottom,  usually  in  fillets,  -which  are  afterwsrds 
formed  into  tubes  by  joining  their  edges  together  before  they  have  had  time  to  becaoM 
dry.    The  lazafrnis  are  macaroni  left  in  the  fillet  or  riband  shape. 

VERMILION,  or  Citmabary  is  a  compound  of  mercury  and  sulphur  in  the  propoitioB 
of  100  parts  of  the  former  to  16  of  the  latter,  which  occurs  in  nature  as  a  common  ore  of 
qnicksilver,  and  is  prepared  by  the  chemist  as  a  pigment,  under  the  name  of  VermilioB. 
U  is,  properly  speaking,  a  bisulphuret  of  mercury.  This  artificial  compound  being  es- 
tensively  employed,  on  account  of  the  beauty  of  its  color,  in  painting,  for  making  red 
sealing-wax,  and  other  purposes,  is  the  object  of  an  important  manufacture.  When  Ter> 
milion  is  prepared  by  means  of  sublimation,  it  concretes  in  masses  of  considenble 
thickness,  concave  on  one  side,  convex  on  the  other,  of  a  needle-form  texture ;  brown- 
iih-red  in  the  lump,  but  when  reduced  to  powder,  of  a  lively  red  color.  On  expcsare 
to  a  moderate  heat,  it  evaporates  without  leaving  a  residuum,  if  it  be  not  contaminated 
with  red  lead ;  and  at  a  higher  heat,  it  takes  fire,  and  burns  entirely  away,  with  a  bine 
flame. 

Holland  long  kept  a  monopoly  of  the  manufacture  of  vermilion,  from  being  aloac  in 
possession  of  the  art  of  giving  it  a  fine  flame  color.  Meanwhile  the  French  chemiits 
examined  this  product  with  great  care,  under  an  idea  that  the  failure  of  other  natioM 
to  rival  the  Dutch  arose  from  ignorance  of  its  true  composition  ;  some,  with  BerthoUett 
imagined  that  it  contained  a  little  hydrogen ;  and  others,  with  Fooreroy,  believed  ttet 
the  mercury  contained  in  it  was  oxydized ;  but,  eventually,  Seguin  proved  that  both  of 
these  opinions  were  erroneous;  having  ascertained,  on  the  one  haadythat  Bohydr»> 
IMnia  natter  wis  gi^ea  out  in  the  decomposition  of  cinnabar,  aad  on  the  oUme  thtft 


silplmr  and  mercury,  by  eombtning,  were  transformed  into  the  red  salphnret  in  close 
Teasels,  withoat  the  access  of  any  oxyi^en  whatever.  H  was  lUcewise  supposed  that 
the  solution  of  the  problem  might  be  foand  in  the  difference  of  composition  between 
the  red  and  black  siUphurets  of  mercury ;  and  many  conjectures  were  made  with  this 
view,  the  whole  of  which  were  refuted  by  Seguin.  He  demonstrated,  in  fact,  that  a 
mere  change  of  temperature  was  sufficient  to  convert  the  one  sulphuret  into  the  other, 
without  occasionmg  any  variation  in  the  proportion  of  the  two  elements.  Cinnabar, 
moderately  heated  in  a  glass  tube,  is  convertible  into  elhiops,  which  in  its  turn  is  changed 
into  cinnabar  by  exposing  the  tube  to  a  higher  temperature ;  and  thence  he  was  led  to  eon- 
clnde  that  the  difference  between  these  two  sulphurets  was  owing  principally  to  the  state  of 
the  combination  of  the  constituents.  It  would  seem  to  result,  from  all  these  researeheSy 
that  cinnabar  is  only  an  intimate  compound  of  pure  sulphur  and  mercury,  in  the  propor- 
tions pointed  oat  by  analysis ;  and  it  is  therefore  reasonable  to  conclude,  that  in  order 
to  make  fine  vermilion,  it  should  be  sufficient  to  eflTect  the  union  of  its  elements  at  a 
high  endhgh  temperature,  and  to  exclude  the  influence  of  all  foreign  matters;  but, 
notwithstanding  these  discoveries,  the  art  of  making  good  vermilion  is  nearly  as 
nsch  a  mystery  as  ever.  M.  Sei^uin,  indeed,  announced  in  his  Memoirs,  that  he  had 
succeeded  in  obtaining,  in  his  laboratory,  as  good  a  cinnabar  as  that  of  Holland,  and 
at  a  remunerative  price ;  but  whatever  truA  may  be  in  this  assertion,  or  however 
much  the  author  may  have  been  excited  by  the  love  of  honor  and  profit,  no  manu* 
facture  on  the  great  scale  spruns  up  under  his  auspices.  France  is  still  as  tributary  as 
ever  to  foreign  nations  for  this  chemical  product.  At  an  exposition  some  yean  ago, 
indeed,  a  sample  of  good  French  vermilion  was  brought  forward  to  prove  that  tiie 
problem  was  nearly  solved ;  but  that  it  is  not  so  completely,  may  be  inferred  from  the 
silence  on  this  subject  in  M.  Dupin's  report  of  the  last  exposition,  in  1834,  where  we 
see  so  many  chemical  trifles  honored  with  eulogiums  and  medals  by  the  judges  of  the 
show.  The  English  vermilion  is  now  most  highly  prized  by  the  French  manufacturera 
of  sealing-wax. 

M.  Tttckert,  apothecary  of  the  Dutch  court,  published,  long  ago,  in  the  Jhmdlu  dt 
Ckimie^  vol.  iv.,  the  best  account  we  yet  have  of  the  manufacture  of  vermilion  in  Holland ; 
one  which  has  been  since  verified  by  M.  Payss^,  who  saw  the  process  practised  on  the 
great  scale  with  success. 

**  The  establishment  in  which  I  saw,  several  times,  the  fabrication  of  sublimed  sul- 
phuret of  mercury,"  says  M.  Tuckert,  **  was  that  of  Mr.  Brand,  at  Amsterdam,  beyond 
the  gate  of  Utrecht ;  it  is  one  of  the  most  considerable  in  Holland,  producing  annually^ 
(torn  three  furnaces,  by  means  of  four  workmen,  48,000  pounds  of  cinnabar,  brides  other 
BKrenrial  preparations.    The  following  process  is  pursued  here  : — 

^  The  eUiiops  is  first  prepared  by  mixing  together  150  pounds  of  sulphur,  with  1080 
pounds  of  pure  mercury,  and  exposing  this  mixture  to  a  moderate  heat  iti  a  flat  polished 
iron  pot,  one  foot  deep,  and  two  feet  and  a  half  in  diameter.  It  never  takes  fire,  pro- 
vided the  workman  understands  his  business.  The  black  sulphuret,  thus  prepand,  is 
ground,  to  fhcilitatCF  the  filling  with  it  of  small  earthen  bottles  capable  of  holding  about 
t4  ounces  of  water  f  from  30  to  40  of  which  bottles  are  filled  beforehand,  to  be  ready 
when  wanted. 

"  Three  great  subliming  pots  or  vessels,  made  of  very  pure  clay  and  sand,  have  been 
psevionsly  coated  over  with  a  proper  lute,  and  allowed  to  dry  slowly.  These  pots  are  set 
npoa  three  furnaces  bound  with  iron  hoops,  and  they  are  covered  with  a  kind  of  iron 
dome.  The  i*arnaces  are  constructed  so  that  the  flame  may  freely  circulate  and  play 
■pott  the  pots,  over  two  thirds  of  their  height. 

'*The  subliming  vessels  having  been  set  in  their  plaees,  a  moderate  fire  is  kindled  in 
the  evening,  which  is  gradually  augmented  till  the  pots  become  red.  A  bottle  of  the 
black  sulphuret  is  then  poured  into  the  first  in  the  series,  next  into  the  second  and 
third,  in  succession ;  but  eventually,  two,  three,  or  even  more,  bottles  may  be  emptied 
in  at  onee ;  this  circumstance  depends  on  the  stronger  or  weaker  combastion  of  the 
snlphuret  of  mercury  thus  projected.  Afler  its  introduction,  the  flame  rises  4  and 
sometimes  6  feet  high ;  when  it  has  diminished  a  little,  the  vessels  are  eorered  with  a 
plate  of  iron,  a  foot  square,  and  an  inch  and  a  half  thick,  made  to  fit  perftetly  close. 
In  this  manner,  the  whole  materials  which  have  been  prepared  are  introduced,  in 
the  course  of  34  hours,  into  the  three  pots ;  being  for  each  pot  360  pounds  of  Ofercury, 
nnd  50  of  sulphur ;  in  all,  410  pounds." 

The  decree  of  firing  is  judgc<l  of,  from  time  to  time,  by  lifting  off"  the  cover ;  for  if 
the  flame  rise  several  feet  above  the  mouth  of  the  po^  the  heat  is  too  great;  Jf  it  be 
hardly  visible,  the  heat  is  too  low.  The  proper  criteriQU  being  a  vigorous  flame  play- 
ing a  few  inches  above  the  vessel.  In  the  last  of  the  36  hours'  process,  the  mass  should 
be  dexterously  stirred  up  every  15  or  20  minutes,  to  quicken  the  sublimation.  The 
subliming  pots  are  then  allowed  to  cool,  and  broken  to  pieces  in  order  to  collect  all  the 
TOBsUion  ineroMed  within  themj  and  which  usually  amounts  to  400  lbs.,  being  n  km  of 
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onlf  60  on  eadi  Tcssel.  The  lumpe  are  to  be  groand  along  with  water  between  horiioata] 
ttooes,  elatriated,  passed  throagh  sieves,  and  dried.  It  is  said  that  the  rich  tone  of  the 
Chinese  Termilion  may  be  imitated  by  adding  to  the  materials  for  subliming  one  per 
cent,  of  salphoret  of  antimony,  and  by  digesting  the  ground  article  first  in  a  solatioa  of 
•nlphnret  of  potassa,  and,  finaJly,  in  diluted  muriatic  acid. 

The  humid  process  of  Kirchoff  has  of  late  years  been  so  much  improred,  as  to 
furnish  a  vermilion  quite  equal  in  brilliancy  to  the  Chinese.  The  foUowiog  proces 
has  been  recommended.  Mercury  is  triturated  for  several  hours  with  sulphur,  in  the 
eold,  tfll  a  perfect  ethiops  is  formed ;  potash  ley  is  then  added,  and  the  trituration  is 
continued  for  some  time.  The  mixture  is  now  heated  in  iron  vessels,  with  constant 
stirring  at  first,  but  aAerwards  only  from  time  to  time.  The  temperature  must  be 
kept  up  as  steadily  as  possible  at  130^  Fahr.,  adding  fresh  supplies  of  water  as  it  evs- 
porates.  When  the  mixture  which  was  black,  becomes,  at  the  end  of  some  hous, 
brown-red,  the  greatest  caution  is  requisite,  to  prevent  the  temperature  from  t>eing  raised 
above  1 M**,  and  to  preserve  the  mixture  quite  liquid,  while  the  compound  of  sulphvr 
and  mercury  should  always  be  pulverulent.  The  color  becomes  red,  and  brightens  in  its 
hoe,  often  with  surprising  rapidity.  When  the  tint  is  nearly  fine,  the  process  should  be 
continued  at  a  gentler  heat,  during  some  hours.  Finally,  the  vermilion  is  to  be  elutri- 
ated, in  order  to  separate  any  particles  of  running  mercury.  The  three  ingredients  shooU 
be  very  pure.  The  proportion  of  product  varies  with  that  of  the  constituents,  as  we 
from  the  following  results  of  experiments,  in  which  300  parts  of  mercury  were  always 
ptoyed,  and  from  400  to  450  of  water  :— 

Solphar.  PotMh.  VMmiiiim  obtaiaad. 

1 14  75  330 

115  75  331 
120  120  321 
150  152  382 
120  180  245 
100                                   180                               244 

00  180  142 

The  first  proportions  are  therefore  the  most  advantageous;  the  last,  which  are  those  of 
M.  Kirchofi*  himself,  are  not  so  good. 

Brunner  found  that  300  parts  of  quicksilver,  114  of  sulphur,  75  of  caustic  potaasa,  aai 
from  400  to  450  of  water,  form  very  suitable  proportions  for  the  moist  process ;  that  the 
best  temperature  was  1 13®  F. ;  and  that  122P  was  the  highest  limit  of  heat  compatibte 
with  the  production  of  a  fine  color. 

The  theory  of  this  process  is  by  no  means  clear.  We  may  suppose  that  a  sulphniet 
of  potassium  and  mercury  is  first  formed,  which  is  eventually  destroyed,  in  proportion  ss 
the  oxygen  of  the  air  acts  upon  the  sulphuret  of  potassium  itself.  There  may  abo  be  pro- 
duced some  hyposulphite  of  mercury,  which,  under  the  same  influence,  would  be  trass- 
formed  into  sulphuret  of  mercury  and  sulphate  of  potash.  , 

Sulphuret  of  potassium  and  mercury  furnish  also  vermilion,  but  it  is  not  beaut  ifol. 
Red  oxyde  of  mercary,  calomel,  turbith  mineral,  and  the  soluble  mercury  of  Hahnemaas, 
treated  with  the  sulphuret  of  potassium,  or  the  hydrosulphuret  of  ammonia,  are  all  capa- 
ble of  giving  birth  to  vermilion  by  the  hnmid  way. 

The  vermilion  of  commerce  is  oAen  adulterated  with  red  lead,  brickdust,  dragon's 
blood,  and  realgar.  The  first  two,  not  being  volatile,  remain  when  the  vermilioa  is 
heated  to  its  subliming  point ;  the  third  gives  a  red  tincture  to  alcohol ;  the  fooilh 
exhales  its  peculiar  garlic  smell  with  heat ;  and  when  calcined  in  a  crucible  with  carboa- 
ate  of  soda,  and  nitre  in  excess,  afibrds  arsenic  acid,  which  may  be  detected  by  the  usasi 
chemical  tests.        

VINEGAR  MANUFACTORY,  BY  MALT.    Annual  produce,  100,000  gallons. 

Exptnuafor  one  month.  £    9,    d» 

Cost  of  material  and  fuel  for  8,333  gallons,  at  Sfd.  •  -  303  16  2 
Wages  to  8  workmen,  at  254.  per  week  -  •  -  -  40  0  0 
Sahuies  to  clerks,  manager,  and  traveller      -       •        -       -    83    6    8 

Travelling  expenses 3000 

Three  horses'  keep  -  -  -  -  •  -  -  -7  10  0 
Rent  and  taxes •       -2500 

X489  12  10 

Expenses  fbr  5  months,  at  4891. 12s  lOd.     ....  2448    4    2 

Duty  on  41,665  gaUons,  at  2d.  347    4    2 

Stock  of  mensilf 1500    0    0 

£4296    8    4 


^ 
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Prodaee  of  100,000  gallons,  at  ]«.  &i. £8,333    6    8 

Expenses  for  12  months,  at  489/.  I2t.  lOd.     -        -       £5,875  18  0 

Duty  on  100,000  gallons,  at  2d 833    6  8 

laterest  on  capital^  4,295/.  8«.  4d.         •        -       •        •    214    4  5 

6,923    9    1 


Net  profit £1,409  17    7 

8ec  AcBTic  Acm.  ___— 

VIOLET  DYE,  is  produced  by  a  mixture  of  red  and  blue  coloring-matters,  which  are 
applied  in  succession.  Silk  is  dyed  a  fugitive  violet  with  either  archil  or  Brazil  wood; 
bnt  a  fine  fast  Tiolet,  first  by  a  crimson  with  cochineal,  without  tartar  or  tin  mordant,  and 
mfler  washing,  it  is  dipped  in  the  indigo  vat.  A  finish  is  sometimes  given  with  archiL 
A  violet  is  also  given  to  silk,  by  passing  it  through  a  solution  of  verdigris,  then  through 
a  bath  of  logwood,  and,  lastly,  through  alum  water.  A  more  beauUful  violet  may  be 
eommunicat«i  by  passing  the  alumed  silk  through  a  bath  of  Brazil  wood,  and  after  wash- 
ing it  in  the  river,  through  a  bath  of  archil. 

To  produce  violets  on  printed  calicoes,  a  dilute  acetate  of  iron  is  the  mordant,  and  the 
dye  is  madder.    The  mordanted  goods  should  be  well  dunged. 

A  good  process  for  dyeing  cottons  violet,  is — first,  to  gall,  with  18  or  20  pounds  of  nut- 
galls  for  every  100  pounds  of  cotton ;  second,  to  pass  the  stuff,  still  hot,  through  a  mordant 
composed  of— alum,  10  pounds;  iron-liquor,  at  H^  B.,  and  sulphate  of  copper,  each  5  or 
6  pounds ;  water,  from  24  to  28  gallons;  working  it  well,  with  alternate  steeping,  squeez- 
ing, airing,  dipping,  squeezing,  and  washing ;  third,  to  madder,  with  its  own  weight  of 
the  root ;  and  fourth,  to  brighten  with  soap.  If  soda  be  used  at  the  end,  instead  of  soap, 
the  color  called  prune  de  monaieur  will  be  produced ;  and  by  varying  the  doses  of  the  in- 
gredients, a  variety  of  violet  tints  may  be  given. 

The  best  violets  are  produced  by  dyeing  yarn  or  cloth  which  has  been  prepared  with 
oil  as  for  the  Turkey-red  process.    See  Madder. 

For  the  violet  pruneau,  a  little  nitrate  of  iron  is  mixed  with  the  alum  mordant,  whieh 
makes  a  black ;  but  this  is  changed  into  violet  pruiuau^  by  a  madder  bath,  followed  by  a 
brightening  with  soap. 

VITRIFIABLE  COLORS ;  see  Enamsls,  Pastes,  Pottert,  and  Stained  Glass. 

VITRIOL,  from  vitrum,  glass,  is  the  old  chemical,  and  still  the  vidgar  appellation  of 
sulphuric  acid,  and  of  many  of  its  compounds,  which  in  certain  states  have  a  glassy  ap- 
pearance: thus  — 

Vitriolic  acid,  or  oil  of  vitriol,  is  sulphuric  acid ;  blue  vitriol,  is  snlphate  of  copper ; 
green  vitriol,  is  green  sulphate  of  iron;  vitriol  of  Mars,  is  red  snlphate  of  irooi  and 
white  vitriol,  is  sulphate  of  zinc. 


w. 

WACKE,  is  a  massive  mineral,  intermediate  between  claystone  and  basalt.  It  is  of  a 
greenish-gray  color;  vesicular  in  structure;  dull,  opaque;  streak  shining;  toft,  easily 
frangible ;  spec.  grav.  2*55  to  2*9 ;  it  Aises  like  basalt. 

WADD,  is  the  provincial  name  of  plumbago  in  Cumberland;  and  also  of  an  ore  of 
manganese  in  Derbyshire,  which  consists  of  the  peroxyde  of  that  metal,  associated  with 
nearly  its  own  weight  of  oxyde  of  iron. 

WADDING  (Oaa/e,  Fr.;  WatUj  Germ.),  is  the  spontfy  web  whieh  serves  to  line 
ladies'  pelisses,  &c.  Otta/e,  or  Wai,  was  the  name  originally  given  to  the  glossy  downy 
taAs  found  in  the  pods  of  the  plant  commonly  called  Jpoeyn,  and  By  botasists  JecUpioM 
Sffriacoy  which  was  imported  from  Egypt  and  Asia  Minor  for  the  pnrpOse  of  stufiing  cnsb- 
ions,  9lc.  Wadding  is  now  made  with  a  lap  or  fleece  of  cotton  prepared  by  the  carding- 
engjne  (see  Carding,  Cotton  MANtTFACTuaE),  which  is  applied  to  tissue  paper  by  a  eoat 
of  size,  made  by  boiling  the  cuttings  of  hare-skins,  and  adding  a  little  alum  to  the  gelatin- 
ous solution.  When  two  laps  are  glued  with  their  faces  together,  they  form  the  most 
downy  kind  of  wadding. 

WAFERS.  There  are  two  manners  of  mannfactnring  wafers:  1,  with  wheat  flour 
and  water,  for  the  ordinary  kind ;  and  2,  with  gelatine.  1.  A  certain  quantity  of  Am 
flour  is  to  be  diffused  through  pure  water,  and  so  mixed  as  to  leave  no  clotty  particles. 
This  thin  pap  is  then  colored  with  one  or  other  of  the  matters  to  be  particularly 
described  under  the  second  head ;  and  which  are,  vermilion,  sulphate  ^  indigo^  and 
gamboge.  The  pap  is  not  allowed  to  ferment,  bnt  must  be  employed  inmiediately  aAer  it 
it  mixed.    For  this  purpose  a  tool  is  employed,  consisting  of  two  platet  of  iroot  whidi 


f 


|233  WATEIUPROOF  CLOTH. 

eome  together  like  pincers  or  a  pair  of  tongt,  leaTing  a  certain  small  definite  space  be- 
tmx\  them.  These  plates  are  first  slightly  heated,  greased  with  hatter,  filled  with  the 
pap,  closed,  and  then  exposed  for  a  short  time  to  the  heat  of  a  charcoal  fire.  The  in» 
plates  heing  allowed  to  cool,  on  opening  them,  the  thin  cake  appears  diy,  solid,  brittle, 
and  about  as  thick  as  a  playing-card.  By  means  of  annular  punches  of  difierent  sixes, 
with  sharp  edges,  the  cake  is  cot  iato  wafers.  2.  The  transparent  wafers  are  made  ss 
follows : — 

Dissolve  fine  glae,  or  ising-g1as9,  in  such  a  quantity  of  water,  that  the  solution,  whes 
coU,  may  be  consistent.  Let  it  be  poured  hot  upon  a  plate  of  mirror  glass,  (previously 
warmed  with  steam,  and  slightly  greased,)  which  is  fitted  in  a  metallic  frame,  with  edges 
just  as  high  as  the  wafers  should  be  thick.  A  second  plate  of  glass,  heated  and  greased, 
it  laid  on  the  surface,  so  as  to  touch  every  point  of  the  gelatine,  resting  on  the  edges  o^ 
the  fVame.  By  this  pressure,  the  thin  cake  of  gelatine  is  made  periectlj  uniform.  Whes 
the  two  plates  of  glass  get  cold,  the  gelatine  becomes  solid,  and  may  easily  be  removed. 
It  is  then  cut  with  proper  punches  into  discs  of  different  sizes.  * 

The  coloring-matters  ought  not  to  be  of  an  insalubrious  kind. 

For  red  wafers,  carmine  is  well  adapted,  when  they  are  not  to  he  transparent ;  hut  thii 
color  is  dear,  and  can  be  used  only  for  the  finer  kinds.  Instead  of  it,  a  decoction  of  Brazil 
wood,  brightened  with  a  little  alum,  may  be  employed. 

For  yellow,  an  infusion  of  saffron  or  turmeric  has  been  prescribed ;  bat  a  decoctioa  of 
weld,  fustic,  or  Persian  berries,  might  be  used. 

Sulphate  of  indigo,  partially  saturated  with  potash,  is  used  for  the  blue  wafers ;  and  tldi 
mixed  with  yellow,  for  the  greens.  Some  recommend  the  sulphate  to  be  nearly  neutralised 
with  chalk,  and  to  treat  the  liquor  with  alcohol,  ip  order  to  obtain  the  best  bine  dye  for 
wafers. 

Common  wafers  are,  nowever,  colored  with  the  substances  mentioned  at  the  beginiiing 
of  the  article;  and  for  the  cheaper  kinds,  red  lead  is  used  instead  of  vermilion,  and  tor 
meric  instead  of  gamboge. 

WALNUT  HUSKS,  or  PEELS  (Brtmt  det  fioix,  Fr.),  are  much  employed  by  the 
French  dyers  for  rooting  or  giving  dun  colors. 

WARP  (Chaint,  Fr. ;  Keiie,  Jnschwei/f  Zeitelf  Germ.),  is  the  name  of  the  longitodiBsl 
threads  or  yarns,  whether  of  cotton,  linen,  silk,  or  wool,  which  being  decussated  at  rigfat 
angles  by  the  woof  or  wed  threads,  form  a  piece  of  cloth.  The  warp  yams  are  parsllel 
and  continuous  from  end  to  end  of  the  web.  See  Weaving,  for  a  description  of  the 
warping-mill, 

WASH,  is  the  fermented  wort  of  the  distiller. 

WASHING.    See  Bleaching,  and  Scouring. 

WATERING  OF  STUFFS  (Moirage,  Fr.),  is  a  process  to  which  sflk  and  other 
textile  fabrics  are  subjected,  for  causing  them  to  exhibit  a  variety  of  andulated  re- 
flectk>ns,  and  plays  of  light.  It  is  produced  by  sprinkling  water  upon  the  goods,  aad 
then  passing  them  through  a  calender,  either  with  cold  or  hot  rollers,  plain  or  varknisly 
indented. 

WATER-PROOF  CLOTH.    See  Caoutchouc,  and  Gelatine. 

A  patent  was  obtained,  in  August,  1830,  by  Mr.  Thomas  Hancock,  for  rendering  tez- 
tile  fabrics  impervious  to  water  and  air,  by  spreading  the  liquid  juice  of  the  caoutchouc 
tree  upon  the  surfaces  of  the  goods,  and  then  exposing  them  to  the  air  to  dry.  It  does 
not  appear  that  this  project  has  been  realized  in  our  manufactures. 

Mr.  William  Simpson  Potter  proposes,  in  his  patent  of  April,  1835,  to  render  fabrio 
water-proof  by  imbuing  them  with  a  solution  of  ising-slass,  alum,  and  soap,  by  means  of 
a  brush  applied  to  the  wrong  side  of  the  cloth,  distended  upon  a  table.  After  it  is  diy,  it 
'  must  he  brushed  on  the  wrong  side,  against  the  grain.  Then  the  brush  is  to  be  dipped  it 
clean  water,  and  passed  lightly  over  the  cloth.  The  gloss  caused  by  the  above  applicatkn 
can  be  taken  off  by  brushing  the  goods  when  they  are  dry.  Cloth  so  prepared  is  said  to 
be  impervious  to  water,  but  not  to  air. 

I  have  examined  inbollen  cloth  now  on  sale  in  a  shop  in  the  Strand,  which  may  be 
breathed  through  with  the  greatest  facility,  but  which  retains  water  upon  its  surface,  it 
is  evinced  by  a  body  of  water  standing  upon  a  concave  piece  of  it  tied  over  a  show-giaM 
In  the  window. 

Mr.  Sievier's  plan  of  rendering  cloth  water-proof,  for  which  he  obtained  a  patent  ia 
December,  1835,  consists  in  spreading  over  it,  with  a  brush,  a  solution  of  India  rubber  ii 
spirits  of  turpentine,  at  one  or  more  applications,  ana  then  applying  a  similar  solutkai 
mixed  with  acetate  of  lead,  litharge,  sulphate  of  zinc,  gum  mastic,  or  other  drying  mate- 
oaL  He  next  takes  wool,  or  other  textile  material,  cut  into  proper  lengths,  and  spreads  iji 
upon  the  surface  of  the  fabric  varnished  in  this  manner,  for  the  purpose  of  forming  the, 

Sp  or  pile.    He  then  presses  the  cloth  by  means  of  rollers,  or  brushes,  so  as  to  fix  the 
p  finnly  to  its  surface. 
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WAX.  188P 

**       Mineral  waters  may,  in  most  eases,  be  artificially  prepared,  hj  the  skilful  applioatimi 

€f  the  Icnowledge  derired  from  analysis,  with  snch  precision  as  to  imitate  very  closely 

^   tkt  native  sprinafs.    When  the  various  earthy  or  metallic  constituents  are  held  in  soln- 

tioB  by  carbonic  acid,  or  sulphureted,  they  should  be  placed,  along  with  their  due  propor^ 

^   tiou  of  water,  in  the  receiver  of  the  aerating  machine  (see  Soda  Wateb),  and  then  the 

proper  quantity  of  gas  should  be  injected  into  the  water.    Suflicient  agitation  will  be 

.   gifen  by  the  action  of  the  forcing-pump  to  promote  their  solaiion. 

WAX  (Cine,  Fr. ;  Wadu,  Germ.),  is  the  substance  which  forms  the  cells  of  beet. 

It  was  long  supposed  to  be  derived  from  the  pollen  of  plants,  swallowed  by  these 

-:   ieeeets,  and  merely  voided  under  this  new  form ;  but  it  has  been  proved  by  the  ezperi- 

j  aeets,  first  of  Mr.  Hunter,  and  more  especiaJly  of  M.  Huber,  to  be  the  peenlier 

I  eeeretion  of  a  certain  organ,  which  forms  a  part  of  the  small  sacs,  situated  on  the  sidet 

^    ef  the  median  line  of  the  abdomen  of  the  bee.    On  raising  the  lower  segments  of  the 

jjt   abdomen,  these  sacs  may  be  observed,  as  also  scales  or  spangles  of  wax,  arranged  in 

^    pairs  upon  each  segment.    There  are  none,  however,  under  the  rings  of  the  males  and 

»    Che  queen.    Each  individual  has  only  eight  wax  sacs,  or  pouches;  for  the  first  and  the 

"    lest  ring  are  not  provided  with  them.    M.  Huber  satisfied  himself  by  precise  experi- 

-    ments  that  bees,  though  fed  with  honey,  or  sugar  alone,  produced  nevertheless  a  very 

I     considerable  quantity  of  waxi  thus  proving  that  they  were  not  mere  collectors  of  thie 

■ibstance  from  the  vegetable  Kingdom.    The  pollen  of  plants  serves  for  the  nourishment 

(»f  the  larvae. 

But  wax  exists  also  as  a  vegetable  product,  and  may,  in  this  point  of  view,  be 
regarded  as  a  concrete  fixed  oil.  It  forms  a  part  of  the  green  fecula  of  many  plants^ 
particularly  of  the  cabbage;  it  may  be  extracted  from  the  pollen  of  most  flowers;  as 
also  from  the  skins  of  plums,  and  many  stone  fruits.  It  constitutes  a  varnish  upon  the 
vpper  surface  of  the  leaves  of  many  trees,  and  it  has  been  observed  in  the  juice  of  the 
€Ow4ret.  The  berries  of  the  Myrica  anguiti/oliaf  hUi/olia,  as  well  as  the  cfr(^era,  afiford 
abundance  of  wax. 

Bees'  wax,  as  obtained  by  washing  and  melting  the  comb,  is  yellow.  It  has  a  peculiar 
•Biell,  resembling  honey,  and  derived  from  it,  fdr  the  cells  in  which  no  honey  has  beende* 
posited,  yield  a  scentless  white  wax.  Wax  is  freed  from  its  impurities,  and  bleached,  b/ 
melting  it  with  hot  water  or  steam,  in  a  tinned  copper  or  wooden  vessel,  letting  it 
settle,  running  off  the  clear  supernatant  oily-looking  liquid  into  an  oblong  trough  with 
a  line  of  holes  in  its  bottom,  so  as  to  distribute  it  upon  horizontal  wooden  cylinders, 
■lade  to  revolve  half  immersed  in  cold  water,  and  then  exposing  the  thin  ribands  or 
11ms  thus  obtained  to  the  blanching  action  of  air,  light,  and  moisture.  For  this  pur- 
pose, the  ribands  are  laid  upon  long  webs  of  canvass  stretched  horizontally  between 
itandards,  two  feet  above  the  surface  of  a  sheltered  field,  having  a  free  exposure  to  the 
aanbeams.  Here  they  are  frequently  turned  over,  then  covered  by  nets  to  prevent  their 
being  blown  away  by  winds,  and  watered  from  time  to  time,  like  linen  upon  the  grass 
Md  in  the  old  method  of  bleaching.  Whenever  the  color  of  the  wax  seems  sti^fkm- 
ery,  it  is  collected,  remelted,  and  thrown  again  into  ribands  upon  the  wet  cylinder,  in 
erder  to  expose  new  surfaces  to  the  blanc^n^  operation.  By  several  repetitions  of 
these  processes,  if  the  weather  proves  favorable,  the  wax  eventually  loses  its  yellow 
tint  entirely,  and  becomes  fit  for  forming  white  candles.  If  it  be  finished  under  rain,  it 
will  become  gray  on  keeping,  and  also  lose  in  weight. 

In  France,  where  the  purification  of  wax  is  a  considerable  ol^ect  of  manufacture,  about 
four  ounces  of  cream  of  tartar,  or  alum,  are  added  to  the  water  in  the  first  melting- 
eopper,  and  the  solution  is  incorporated  with  the  wax  by  diligent  manipulation.  The 
whole  is  left  at  rest  for  some  time,  and  then  the  supernatant  wax ,  is  run  off  into  a 
settling  cistern,  whence  it  is  discharged  by  a  stopeoek  or  tap,  over  the  wooden  cylinder 
revolving  at  the  surface  of  a  large  water-cistern,  kept  cool  by  passing  a  stream  con- 
tinually through  it. 

The  bleached  wax  is  finally  melted,  strained  through  silk  sieves,  and  then  run  into 
circular  cavities  in  a  moistened  table,  to  be  cast  or  moulded  into  thin  disc  pieces,  weigh- 
ing from  two  to  three  ounces  each,  and  three  or  four  inches  in  diameter. 

Iifeither  chlorine,  nor  even  the  chlorides  of  lime  and  alkalis,  can  be  employed  with  any 
advantage  to  bleach  wax,  because  they  render  it  brittle,  and  impair  its  burning  quality. 

Wax  purified,  as  above,  is  white  and  translucent  in  thin  segments ;  it  has  neither  taste 
nor  smell ;  it  has  a  specific  gravity  of  from  0*960  to  0*966 ;  it  does  not  liquefy  till  it  be 
heated  to  154)°  F. ;  but  it  softens  at  86°,  becoming  so  plastic,  that  it  may  be  moulded  by 
the  hand  into  any  form.    At  32°  it  is  hard  and  brittle. 

It  is  not  a  simple  substance,  but  consists  of  two  species  of  wax,  which  may  be  easily 
separated  by  boiling  alcohol.  The  resulting  solutk>n  deposites,  on  cooling,  the  waxy 
body  called  cerine.  The  undissolved  wax,  being  once  and  again  treated  with  boiling 
alcohol,  finally  affords  from  70  to  90  per  cent,  of  its  weight  of  cerine.  The  insoluble 
fesklttum  is  the  myrtetiM  of  Dr.  John,  so  cidled  because  it  exists  in  a  much  larger  pio- 
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portion  in  thi  wai  of  the  Jfjiries  ax^trt.  It  M  giMtl;  deuv  Ikia  ms,  beiag  «f  At 
Mtac  Epecific  gr»viiy  m  mler  j  ukd  raaj  be  di*tiU«d  vilbonl  fctoaipg<ilkiii,  wfai^  coat 
BiuleTgDtt.    Sec  iheM  two  u'lidct. 

Wax  ii  adiillented  eomtiinet  vitb  tlvch )  »  fnod  euilf  ileleeUd  b;  ^  of  luf» 
tine,  vhich  ilisaolvn  ihe  foimer,  and  lenvci  the  latter  tabituce;  mad  more  fln[mall| 
Tilh  mnlton  Buel.  This  fraud  lu;  be  ditcovertd  bj  dr;  dislillalion  ;  for  vui  doM  Mt 
thereby  afTord,  like  tallow,  tebacic  acid  (benzoic],  whicli  is  kaown  b  ' 
pieeipitnLe  in  a  raluiioa  of  acelaie  of  lead.  It  it  wid  thai  two  pe 
Wphistiealiou  may  be  discovered  in  this  way. 

Bees'  wax   imported   for  home   coniumption : — in    If 
blMcfaed,  243  cwls.  j— in  1836,  unbleached,  4,673  etrti. ;  'btemcbrd,  121  cm.    Imj, 
when  from  Briliah  posseaiionc,  JOi. ,-  from  foreign,  3(ti. 

WAX,  MINERAL,  or  Osxaili,  U  ■  solid,  oT  a  brown  color,  of  Tmnmi  Mm, 
translncent,  and  fuEible  like  bees'  wax ;  iJighily  bitumiooa*  to  tlie  aneU,  of  a  '  "  ~  ' 
tenure,  a  conchoidal  fracture,  bat  warning  imacily,  to  thai  it  can  be  poll 
a  mortar.  Ita  specific  giiivily  varies  fi  did  0-900  to  0-9S3.  Candlei  hBTe  becBWM 
of  it  in  Moldavia,  vhich  give  a  tolerable  light.  It  occurs  ml  the  foot  of  the  CirpatUttl 
near  tUanik,  beneath  a  bed  of  bitumioous  slateH:lay,  in  masses  of  Htm  80  to  100  paMli 
weight,  Layera  of  brown  amber  are  found  in  Ibe  neighborhood.  It  is  ajaoeiUel  wilk 
Taiiegaled  tandsloiie,  rock  salt,  and  beds  of  coal  (lignite  tj.  Il  is  aDBlofoiM  to  kaidMM; 
Somelhing  limilBr  has  been  discovered  in  a  troiMt  at  Urpeth  colliery,  near  NeweuUc^  10 
fathoms  beneath  the  Burfaee.  Ozoctriit  consists  of  different  hydro- earbwetcdcsMpanli 
associated  togethet ;  the  whole  being  composed,  ultimately,  of— hydrogen  14,  euboa  M, 

WEAVING  (Tiuage,  Fr.;  Wiberti,  Germ.),  is  performed  by  the  i^l<aNl 
called  loom  in  English,  n^^ier  a  tiiur  in  French,  and  w^t^tf■AJ  in  GennaB.  The  |(» 
ecM  of  warping  must  always  precede  weaving.  Its  object  is  to  arrange  all  the  hap- 
todinal  threads,  which  are  to  form  the  chain  of  Ihe  web,  alon^ide  of  each  other  iaiM 
parallel  plane.  Such  a  number  of  bobbins,  filled  with  yam,  mast  therefore  be  Iah«B  H 
will  furnish  (he  quantity  required  for  the  length  of  the  intended  piece  of  elolh.  On 
aiilh  of  that  number  of  bobbin*  is  usually  mounted  at  once  in  the  warp  mill,  being  Mt 
loosely  in  a  horizontal  direction  upon  wire  skewers,  or  spindles,  in  ■  square  fiaMe,  M 
thai  Ihey  may  revolve,  and  ijive  olf  the  yarn  freely.  The  warper  sila  at  a,  fig.  WIA, 
and  causes  the  tect  b  to  revolve,  by  turning  round  with  his  hand  the  wheel  c,  wilk  Ikt 
endless  rope  or  band  >> 
The  bobbins  filled  with 
yam  are  placed  ia  lbs 
frame  s.  There  is  a  sUdiaf 
piece  at  r,  called  the  Ic* 
bo:!,  which  rises  sad  laUi 
by  Ibe  coiling  and  wad- 
ing of  the  eoid  e,  roont 
(he  central  Shalt  of  the  ncf 
H.  By  this  simple  coaDv 
vanee,  the  band  t£  waip- 
yarns  is  wound  SBiiallf, 
from  lop  u>  botlom,  npot 
Ibe  reel,  i,  i,  i,  are  «»■ 
en  pin*  which  scpaiaic  ihe 
different  band*.  Ha* 
warping  mills  are  tt  i 
prismatic  (bnn  {  ksriK 
twelve,  eichLeen,  or  wn 
sides.  The  reel  is  coo)- 
monty  about  six  feM  in 
diameter,  and  sevei  feel 
in  height,  so  ns  lo  »erve  for  mea^urine  exactly  upon  its  periphery  the  lolal  Icaglhc' 
the  warp.  All  the  threads  from  the  frame  G,  pass  Ihronsh  Ihe  heck  r,  which  consist* 
of  aseriesof  Anely-polished  hard-tempered  steel  pins,  with  a  small  hole  at  Ihe  Blf0 
part  of  each,  to  receive  and  puide  one  thread.  The  heck  is  ditided  into  two  |Mith 
either  of  which  may  be  liAed  by  a  small  handle  below,  while  their  eyes  are  ^daced 
allernntely.  Henre,  when  one  of  them  is  raised  a  liltle,  a  vacuity  is  formed  belwtw 
Ihe  two  bands  of  Ihe  warp ;  but  when  the  other  is  raised,  the  vacoily  is  rererMd.  I* 
this  way,  the  lease  is  produced  al  each  end  of  the  warp,  and  il  is  preserved  t^  ap((» 

eate  wooden  pegs.    The  lease  being  carefully  tied  vp,  affords  a  guide  to  the  wcaxl 
inserting  his  lease-rods.    The  warpin;  mill  is  turned  alternalely  from  Tight  ta  tA 
•ad  fiom  led  to  ri^t,  till  a  taffieieBt  number  of  ramt  are  coiled  ttMadil  ufantM 


relieinglo 

-    .  , aianed  in  the  chun.'iDiaiioui  to  Iheu- 

Hpuuct  of  Ihc  ireh|  or  productive  of  much  BDDOiaace  to  Ihe  WMVCr. 

The  »jmnle»l  lod  proUbly  tie  mo*t  ancient  of  looms,  now  lo  be  Kcn  in  action,  w 
tnat  of  the  Hindoo  lanly,  tbown  iafig.  1J60.  It  conusti  oT  two  buoboo  rollen;  one  ^ 
the  warp,  and  anolher  for  the 
woven  clolh  ;  with  a  p^  of 
beddlea,  for  parting  tbe  wup, 
to  permit  the  weft  lo  be  drawn 
nenns  between  in  upper  and 
under  threads.  The  shullle  il 
a  Blender  rod,  like  a  large  net- 
ling  needle,  rather  longer  ihaa 
the  web  is  broad,  and  is  made 
nie  of  ai  a  batten  or  laj,  lo 
Mrilie  home  or  coDdenie  each 
■nccenJTe  thread  of  weft, 
against  the  elixed  rabric.  The 
Hindoo  carries  this  simple  im- 
plement,withhiswaternitcher, 
rice  pot,  and  hooLa,  tu  the  foot 
ofanj' tree  which  can  BQbn]  htm 
■  comfortable  shade;  he  thei* 
digs  a  large  bole,  to  receive  hi* 
leg*,  *lon|t  with  the  treddiei  or  lower  part  of  the  harness ;  be  neil  eitenda  his  warp, 
by  fastening  his  two  bamboo  rollers,  at  a  proper  distance  fram  each  other,  with  pins, 
into  Ihe  iwnrd  ;  he  alloches  the  heddles  to  a  eonvenieni  branch  of  Ihe  tree  overhead  [ 
inserts  his  great  toes  into  two  loops  under  the  gear,  to  serve  him  for  Ireddles ;  Ustly,  bt 
•hedslhe  warp,  draws  through  the  wtfl,  and  bents  it  elose  up  to  the  web  wilh  bis  rodshuttle 
or  batten. 

I'he  European  loom  is  rep^e^FnletI  in  its  plnincfl  state,  as  it  has  existed  lor  several 
centuries,  ia^;.  IJ61.  a  is  tbe  warp-bcam,  round  which  the  chain  has  been  wound  ;  ■ 
repteseots  Ihe  flat  tod^  ui'Ually  Ihrre  in  number,  which  pass  aen»s  between  its  threads, 
to  preserve  the  lease,  or  Ihe  plane  of  decussation  for  the  wed ;  c  shows  the  heddles  or 
hralds,  consisting  of  twines  looprd  in  the  middle,  throuch  which  loops  the  warp  yarni 
■re  drawn  one  hair  Lbiouj;h  Ihe  front  bed  die,  and  the  other  Ihroush  Ihe  back  one;  by 
movini  which,  the  deenssalioa  is  rmdilf 
effected.  The  yarns  then  pass  thioDgh 
the  dents  of  the  refd  under  n,  whkk 
is  set  in  a  moveable  swiag-frame  *, 
called  Ihe  Itlhe,  lay,  and  also  ballea, 
because  it  &ea/t  home  Ihe  wrfl  to  Ilia 
web.  The  lay  is  rrecly  suspended  lo  k 
cross-bar  r,  attached  by  rulers,  called 
Ihe  nnordi,  to  Ihe  top  of  the  lateral 
standaidi  of  the  loom,  so  as  to  oscillal* 
upon  it.  The  weaver,  sitliag  on  the 
bench  G,  presses  down  one  of  the  tred- 
dles  al  H,  with  one  of  bit  feel,  whereby 
he  raises  Ihe  corresponding  heddle, 
but  sinks  Ihe  allernaie  one ;  thus  sheds 
Ihe  warp,  by  liAing  and  depressing  each 
alternate  thread,  through  a  little  space, 
and  opens  a  pathway  or  race-conraa 
for^e  shuttle  to  Iraveise  the  middle  oTthe  warp,  upon  its  two  friction  roller*  »,m.  For 
this  purpose,  he  lays  hold  of  the  picking-peg  in  his  right  hand,  and,  with  a  smart  jerk  of 
hi*  wriat,  drives  the  fly-shniile  swiftly  from  one  side  of  the  loom  to  the  other,  between 
Ihe  shed  warp  yarns.  The  shoot  of  weft  being  ihercby  leH  behind  from  Ihe  shullle  pirn 
or  eop,  the  weaver  brings  home,  by  pulling,  the  lay  with  it*  reed  toward*  him  by  hi*  left 
hand,  with  such  force  as  the  closeness  of  the  teilure  require*.  The  web,  as  iJius  woven, 
b  wound  up  by  turning  round  Ihe  ctoth  beaan  i,  funiiahed  with  a  ralehcl-wbeel,  which 
lakes  into  a  holding  tooth.  The  plan  of  throwing  the  ahuttle  by  the  picking-peg  and  coid, 
u  agreut  improvement  upon  Ihe  old  way  of  throwing  it  by  hand.  It  was  contrived  exactly 
■  century  ago,  by  John  Kay,  of  Bury  in  Laneashire,  bat  then  retrdent  in  Colchester,  m4 
W^s  called  the  fly-shnltle,  from  its  speed,  as  it  enabled  the  weaver  to  mdie  donhle  Ite 
qMntily  of  narrow  clolh,  and  much  more  broadcloth,  in  the  same  ttmni 
*  The  cloth  i*  kapt  dibtended,  dariag  Ike  opentioa  of  weaving,  by  ncu*  gf  two  jitmm 
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of  bud  wood,  nlM  a  templet,  fnniutanl  with  tharp  iron  poiatt  in  their  endi,  wUehMl 
hold  oT  the  oppoiile  Klnses  or  lisit  of  the  web.  The  mrp  and  <reb  are  kept  knsitadiM% 
(tntehed  by  a  weighled  cord,  wbich  puiei  roaod  tbe  warp-beam,  and  which  leadi  m^ 
linnallT  to  draw  back  the  cloth  from  ill  beain,  wbcrr  it  it  held  fait  bf  the  lalAet  l*A 
flee  FmruH,  JicqcAaD  Loom,  Ried,  and  Textile  Faiiicl 

The  greaier  part  or  phua  weaviDg,  and  mncb  eiea  of  the  figured,  is  bow  perfoiBid  b 

1104  no 


the  power  loom,  called  m<f<trin<amtf«(dfMMr,  in  French.  Fig.  11S2,  rtpimnta  tk 
Owt-iron  power  loom  of  Sharp  and  Roberta.  a,  a',  are  the  two  aide  nprifht^  M 
ilaiidardi,  on  Ihe  IVont  ot  the  loom,  d,  i*  the  great  areb  of  cait  iron,  which  bind*  ikl 
no  aidei  toselher.    ■,  ii  Ihe  ftvnt  eroM-beam,  lerminaiing  ia  Uw  foriu  *,  tj  whMi 
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•ndfl  are  bolted  to  the  opposite  standards  a,  a',  so  as  to  biad  the  framework  most  firmly 
together,  o',  is  the  breast  beam,  of  wood,  nearly  square ;  its  upper  surface  is  sloped  a 
little  towards  the  front,  and  its  edge  rounded  off,  for  the  web  to  slide  smoothly  over  it,  in 
its  progress  to  the  cloth  beam.  The  beam  is  supported  at  iis  end  upon  brackets,  and  is 
•eeored  by  the  bolts  g',  g'.  h,  is  the  cloth  beam,  a  wooden  cylinder,  mounted  with 
iron  {gudgeons  at  its  ends,  that  on  the  right  hand  being  prolonged  to  carry  the  toothed 
winding  wheel  h'.  A^,  is  a  pinion  in  gear  with  h'.  h"',  is  a  ratchet  wheel,  mounted 
upon  the  same  shaft  h''\  as  the  pinion- V*  h',  is  the  click  of  the  ratchet  wheel  h'\  h'*\ 
is  a  long  bolt  fixed  to  the  frame,  serving  as  a  shaft  to  the  ratchet  wheel  h'',  and  the 
pinion  A',  i,  is  the  front  heddle-leaf,  and  I'y  the  back  one.  J,  J,  j',  j',  jacks  or  pulleys 
•nd  straps,  for  raising  and  depressing  the  leaves  of  the  heddles.  j'\  is  the  iron  shaft 
which  carries  the  jacks  or  system  of  pulleys  j,  j,  j',  j*,  k,  a  strong  wooden  ruler,  coa- 
nectiag  the  front  heddle  with  its  treddle.  l,  l',  the  front  and  rear  marches  or  treddle* 
pieces,  for  depressing  the  heddle  leaves  alternately,  by  the  intervention  of  the  rods  k^ 
fand  k\  hid  behind  k),  m,  m,  are  the  two  swords  (swing  bars)  of  the  lay  or  batten.  M, 
is  the  upper  cross-bar  of  the  lay,  made  of  wood,  and  supported  upon  the  squares  of  the 
lerers  n,  n',  to  which  it  is  firmly  bolted,  n',  is  the  lay-cap,  which  is  placed  higher  Of 
lower,  according  to  the  breadth  of  the  reed ;  it  is  the  part  of  the  lay  which  the  hand- 
loom  weaver  seizes  with  his  hand,  in  order  to  swing  it  towards  him.  n'  is  the  reed 
contained  between  the  bar  n,  and  the  lay-cap  n'.  o,  o,  are  two  rods  of  iron,  perfectly 
round  and  straight,  mounted  near  the  ends  of  the  batten-bar  n,  which  serve  as  guides  to 
the  drivers  or  peckers  o,  o,  which  impel  the  shuttle.  These  are  made  of  buffalo  hide^ 
and  should  slide  freely  on  their  guide-rods,  o',  o',  are  the  fronts  of  the  shuttle-boxes  | 
they  have  a  slight  inclination  backwards,  p,  is  the  back  of  them.  Seefigt,  1 163  and  1 164. 
o*',  o*',  are  iron  plates,  forming  the  bottoms  of  the  shuttle-boxes,  p,  small  pegs  or  pins^ 
pUnteil  in  the  posterior  faces  p  (/ig.  1 164)  of  the  boxes,  round  which  the  levers  r'  turn. 
These  levers  are  sunk  in  the  substance  ol^  the  faces  p,  turn  round  pegs/>,  being  pressed 
from  without  inwards,  by  the  springs  p\  r'\Jig.  1162,  (to  the  right  of  k,)  is  the  whip 
or  lever,  (and  q",  its  centre  of  motion,  corresponding  to  the  right  arm  and  elbow  of  the 
weaver,)  which  serves  to  throw  the  shuttle,  by  means  of  the  pecking-cord  jf\  attached  at 
its  other  end  to  the  drivers  o,  o. 

On  the  axis  of  fi'\  a  kind  of  eccentric  or  heart  wheel  is  mounted,  to  whose  concaTe 
part,  the  middle  of  the  double  band  or  strap  r,  being  attached,  receives  impulsion;  its 
two  ends  are  attached  to  the  heads  of  the  bolts  r",  which  carry  the  stirrups  r"',  that  may 
be  adjusted  at  any  suitable  height,  by  set  screws. 

s  (see  the  left-hand  side  of/g.  1162)  is  the  moving  shaA,  of  wrought  iron,  resting  on 
the  two  ends  of  the  frame,  s'  (see  the  right-hand  side)  is  a  toothed  wheel,  mounted  ex- 
teriorly to  the  frame,  upon  the  end  of  the  shaA  s.  s"  (near  s')  are  two  equal  elbows,  in  the 
same  direction,  and  in  the  same  plane,  as  the  shaA  s,  opposite  to  the  swords  m,  m,  of  the  lay. 

z,  is  the  loose,  and  z',  the  fast  pulley,  or  riggers,  which  receive  motion  from  the  steam- 
shah  of  the  factor}',  z',  a  small  fly-wheel,  to  regulate  the  movements  of  the  main  shaft 
of  the  loom. 

T,  is  the  shaft  of  the  eccentric  tap))ets,  cams,  or  wipers,  which  press  the  treddle  levers 
alternately  up  and  down  ;  on  its  right  end  is  mounted  t',  a  toothed  wheel  in  gear  with 
the  wheel  s',  of  one  half  its  diameter.  t'\  is  a  cleft  clamping  collar,  which  serves  to  sup- 
port the  shah  t. 

u,  is  a  lever,  which  turns  round  the  bolt  tt,  as  well  as  the  click  W\  u^,  is  the  click  of 
traction,  for  turning  round  the  cloth  beam,  jointed  to  the  upper  extremity  of  the  lever  u; 
its  tooth  u\  catches  in  the  teeth  of  the  ratchet  wheel  h".  «",  is  a  long  slender  rod, 
fixed  to  one  of  the  swords  of  the  lay  m,  serving  to  push  the  lower  end  of  the  lever  u,  when 
the  lay  retires  towards  the  heddle  leaves. 

X,  is  a  wrought-iron  shaft,  extending  from  the  one  shuttle-box  to  the  other,  supported 
at  its  ends  by  the  bearings  x,  x. 

T,  is  a  bearing,  affixed  exteriorly  to  the  frame,  against  whieh  the  spring  bar  z,  restSy 
near  its  top,  but  is  fixed  to  the  frame  at  its  bottom.  The  spring  falls  into  a  notch  in  the 
l>ar  T,  and  is  thereby  held  at  a  distance  from  the  upright  a,  as  long  as  the  band  is  upoa 
the  loose  pulley  z' ;  but  when  the  spring  bar  is  discngag«],  it  falls  towards  a,  and  carries  the 
band  upon  the  fast  pulley  x,  so  as  to  put  the  loom  in  gear  with  the  steam-shah  of  the  factory. 

Weaving,  by  this  powerful  machine,  consists  of  four  operations :  1.  to  shed  the  warp 
by  means  of  the  heddle  leaves,  actuated  by  the  tappet  wheels  upon  the  axis  q",  the  roda 
k^  k',  the  cross-bar  e,  and  the  eyes  of  the  heddle  leaves  r,  i' ;  2.  to  throw  the  shuttle  (see 
Jig,  1161),  by  means  of  the  whip  lever  r*',  the  driver  cord  p,  and  the  pecker  o;  3.  to  driTe 
home  the  weft  by  the  batten  n,  n';  4.  to  unwind  the  chain  from  the  warp  beam,  and  to 
draw  it  progressively  forwards,  and  wind  the  finished  web  upon  the  ckHh  beam  h,  by 
the  elick  and  toothed  wheel  mechanism  at  the  righuhaad  side  of  the  frame.  For  more 
minate  details^  the  reader  may  consult  Th*  CoiUm  Mamfaclwt  of  Gnat  Briiaw,  toL  ii. 


mUH  WELLS,  ARTESIAN. 

WEFT  (Trame,  Fr. ;  Eiiitragy  6enD.)>  is  the  name  of  tte  ytms  or  threftds  lAUk 
tim  from  selvage  to  selvage  in  a  web. 

WELD  (Voutde,  Fr. ;  IVaUj  GtWknnt,  Genn.),  is  an  aniraal  herlMiceovt  pba^ 
Which  grows  all  over  Europe,  called  by  botanists  Raatda  hUeoU.  The  stems  aad  Ac 
leaves  djc  yellow ;  and  among  the  dyes  of  organic  nature,  they  rank  next  to  the  Peram 
berry  for  the  beauty  and  fastness  of  color.  The  whole  plant  is  cropped  when  in  seed,  at 
which  period  its  dyeing  power  is  greatest ;  and  after  being  simply  dried,  is  brooght  iito 
the  market. 

Chevreul  has  discovered  a  yellow  coloring  principle  in  weld,  which  he  has  oJM 
hteoiine.  It  may  be  sublimed,  and  thus  obtained  in  long  needle-form,  tran^arm^ 
yellow  crystals.  Luteoline  is  but  spieirin^ly  soluble  in  water;  bat  it  nererthdess dfcs 
alumed  silk  and  wool  of  a  fine  jonquil  color.  It  is  soluble  in  alcohol  and  ether;  itcosh 
bines  with  acids,  and  especially  with  bases. 

When  weld  is  to  be  employed  in  the  dye-bath,  it  should  be  boiled  for  three  qaaitei 
ufan  hour;  after  which  the  exhausted  plant  is  taken  out,  because  it  occapies  too  and 
room.  The  decoction  is  rapidly  decomposed  in  the  air,  and  ought  therefore  to  be  ndt 
Only  when  it  is  wanted.    It  produces,  with 

Solution  of  ising-glass     ...        -    a  slight  turbidity. 

Litmus  paper a  faint  reddening. 

Potash  ley a  golden  yellow  tint. 

Solution  of  alum    -        ^        -        -        .    a  faint  yellow. 

Protoxyde  salts  of  tin     -        .        -        -    a  rich  yellow  ^ 

Acetate  of  lead ditto  >  predpitatios. 

Salts  of  copper a  dirty  yellow-brown  ) 

Sulphate  of  red  oxyde  of  iron  -        .        .a  brown,  passing  into  olive. 
A  lack  is  made  from  decoction  of  weld  with  alum,  precipitated  by  carlx>nate  <^  soda  or 
potassa.    See  Yellow  Dye. 

WELDING  {Souder,  Fr. ;  Schweisten,  Germ.),  is  the  property  which  pieces  of 
HhDught  iron  possess,  when  heated  to  whiteness,  of  uniting  intimately  and  pennanest]| 
imder  the  hammer,  into  one  body,  without  any  appearance  of  junction.  The  weldiig 
temperature  is  usually  estimated  at  from  60°  to  90"  of  Wedgewood.  When  a  skiUU 
blacksmith  is  about  to  perform  the  welding  operation,  he  watches  minutely  the  effect  of 
the  heat  in  his  forge-fire  upon  the  two  iron  bars ;  and  if  he  perceives  them  begioaisg 
to  bum,  he  pulls  them  our,  rolls  them  in  sand,  which  forms  a  glassy  silicate  of  iroa 
upon  the  surface,  so  as  to  prevent  further  oxydizement ;  and  then  laying  the  one  pro- 
^rly  upon  the  other,  he  incorporates  them  by  his  right-hand  hammer,  being  assisted 
by  another  workman,  who  strikes  the  metal  at  the  same  time  with  a  heavy  forge- 
iiamroer. 

Platinum  is  not  susceptible  of  being  welded,  as  many  chemical  authors  have  errooeoss- 
If  asserted. 

Mr.  T.  H.  Russell,  of  Handsworth,  near  Birmingham,  obtained  a  patent,  in  May,  183€, 
for  manufacturing  welded  iron  tubes,  by  drawing  or. passing  the  skelp,  or  fillet  of  sheet 
Iron,  five  feet  long,  between  dies  or  holes,  formed  by  a  pair  of  grooved  rollers,  placed 
#ith  their  sides  contiguous ;  for  which  process,  he  does  not  previously  turn  up  the  ^elp 
f^om  end  to  end,  but  he  does  this  so  as  to  bring  the  edges  together  at  the  time  when  t^ 
welding  is  performed.  He  draws  the  skelp  through  two  or  more  pairs  of  the  above 
pincers  or  dies,  each  of  less  dimension  than  the  preceding.  In  making  tubes  of  an  iad 
Of  internal  diameter,  a  skelp  four  inches  and  a  half  broad  is  employed.  The  twin  itHka 
tii^olve  on  vertical  axes,  which  may  be  made  to  approach  each  other  to  give  pressure; 
4nd  they  are  kept  cool  by  a  stream  of  water,  while  the  skelp,  ignited  to  the  welding  best, 
is  passed  between  them.  They  are  affixed  at  about  a  foot  in  front  of  the  mouth  of  the 
fVirnace,  on  a  draw-bench;  there  being  a  suitable  stop  within  a  few  inches  of  the 
rollertr,  against  which  the  workman  may  place  a  pair  of  pincers,  having  a  bell- 
Mouthed  hole  or  die,  for  welding  and  shaping  the  tube.  In  the  first  passage  between  the 
tbllers,  a  circular  revolving  plate  of  iron  is  let  down  vertically  between  them,  to  prevent 
tlie  edges  of  the  skelp  from  overlapping,  or  even  meeting.  The  welding  is  performed  at 
the  last  passage. 

WELLS,  ARTESIAN.  See  also  Artesian  Wells.  The  following  account  of  a 
^ccessful  operation  of  this  kind,  lately  performed  at  Mortlake,  in  Surrey,  deserves  to 
be  recorded.  The  spot  at  which  this  undertaking  was  begun,  is  within  100  feet  of  ^ 
Hiames.  In  the  first  instance,  an  auger,  seven  inches  in  diameter,  was  used  in  pene- 
tNiting  20  feet  of  superficial  detritus,  and  200  feet  of  London  clay.  An  iron  tube,  8 
lAches  in  diameter,  was  then  driven  into  the  opening,  to  dam  out  the  land.springB  uid 
the  percolation  from  the  river.  A  4-inch  auger  was  next  introduced  throngn  the  troB 
^be,  and  the  boring  was  continued  until,  the  London  clay  having  been  perforated  to 
the  depth  of  240  feet,  the  sands  of  the  plastic  clay  were  reached,  and  Trtiitt  of  the  solM 
and  purest  nature  was  obtained ;  but  the  supply  was  not  sofileient,  and  it  did  not 
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fUe  surface.  The  work  vu  proeeeded  with  accordingly ;  and  aAer  55  feet  of  alternating 
beda  of  sand  and  clay  had  been  penetrated,  the  chalk  was  touched  upon.  A  second 
tnbe,  4|  inches  in  diameter,  was  then  driven  into  the  chalk,  to  stop  out  the  water  of 
the  plastic  sands ;  and  through  this  tube  an  auger,  3|  inches  in  diameter,  was  introduced, 
mnd  worked  down  through  35  feet  of  hard  chalk,  abounding  with  flints.  To  this  succeeded 
m.  bed  of  soA  chalk,  into  which  the  instrument  suddenly  penetrated  to  the  depth  of  15  feeC 
On  the  auger  being  withdrawn,  water  gradually  rose  to  the  surface,  and  overflowed. 
The  expense  of  the  work  did  not  exceed  300/.  The  general  summary  of  the  strata  pene* 
trated  »  as  follows : — Gravel,  20  feet ;  London  clay,  250 ;  plastic  sands  and  clays,  55 ; 
liard  chalk  with  flints.  35 ;  soA  chalk,  15  ;=375  feet. 

WHALEBONE  (BaUine,  Fr.;  Fischbeine,  Germ.),  is  the  name  of  the  horny 
laminoe,  consisting  of  fibres  laid  lengthwise,  found  in  the  mouth  of  the  whale,  which,  by 
the  fringes  upon  their  edges,  enable  the  animal  to  allow  the  water  to  flow  out,  as  through 
rows  of  teeth  (which  it  wants),  from  between  its  capacious  jaws,  but  to  catch  and 
detain  the  minute  creatures  upon  which  it  feeds.  The  fibres  of  whalebone  have  little 
lateral  cohesion,  as  they  are  not  transversely  decussated,  and  may,  therefore,  be  readily 
detached  in  the  form  of  long  filaments  or  bristles.  The  blades,  or  scythe-shaped  plates, 
are  externally  compact,  smooth,  and  susceptible  of  a  good  polish.  They  are  connected, 
in  a  parallel  series,  by  what  is  called  the  gum  of  the  animal,  and  are  arranged  along  each 
aide  of  its  mouth,  to  the  number  of  about  300.  The  length  of  the  longest  blade,  which 
is  usually  found  near  the  middle  of  the  series,  is  the  gauge  adopted  by  the  fishermen  to 
designate  the  size  of  the  fish.  The  greatest  length  hitherto  known  has  been  15  feet, 
but  it  rarely  exceeds  12  or  13.  The  breadth,  at  the  root  end,  is  from  10  to  12  inches; 
and  the  average  thickness,  from  four  to  five  tenths  of  an  inch.  The  series,  viewed 
altogether  in  the  mouth  of  the  whale,  resemble,  in  general  form,  the  roof  of  a  house. 
They  are  cleansed  and  softened  before  cutting,  by  boiling  for  two  hours  in  a  long 
copper. 

Whalebone,  as  brought  from  Greenland,  is  commonly  divided  into  portable  junks  or 
pieces,  comprising  ten  or  twelve  blades  in  each ;  but  it  is  occasionally  subdivided  into 
separate  blades,  the  gum  and  the  hairy  fringes  having  been  removed  by  the  sailori 
during  the  voyage.  The  price  of  whalebone  fluctuates  from  50/.  to  150/.  per  ton* 
The  blade  is  cut  into  parallel  prismatic  slips,  as  follows :  — It  is  clamped  horizontally, 
with  its  edge  up  and  down,  in  the  large  wooden  vice  of  a  carpenter's  bench,  and  is  then 
planed  by  the  following  tool:  fig,  1165,  a,  b,  are  its  two  handles;  c,  d,  is  an  iron 
plate,  with  a  guide-notch  £ ;  f,  is  a  semicircular  knife,  screwed  firmly  at  each  end  to 

the  ends  of  the  iron  plate  c,  d,  having  its  cutting  edge 
adjusted  in  a  plane,  so  much  lower  than  the  bottom  of  the 
notch  E,as  the  thickness  of  the  whalebone  slip  is  intended 
to  be ;  for  difierent  thicknesses,  the  knife  may  be  set  by 
the  screws  at  diflferent  levels,  but  always  in  a  plane  paralld 
to  the  lower  guide  surface  of  the  plate  c,  d.  The  work- 
man, taking  hold  of  the  handles  a,  b,  applies  the  notch 
of  the  tool  at  the  end  of  the  whalebone  blade  furthest  from 
him,  and  with  his  two  hands  polls  it  steadily  along,  so  as  to  shave  off  a  slice  in  the  di- 
rection of  the  fibres ;  being  careful  to  cut  none  of  them  across.  These  prismatic  slips 
are  then  dried,  and  planed  level  upon  their  other  two  surfaces.  The  fibrous  matter  detached 
in  this  operation,  is  used,  instead  of  hair,  for  stofiing  mattresses. 

From  its  flexibility,  strength,  elasticity,  and  lightness,  whalebone  is  employed  for  many 
purposes :  for  ribs  to  umbrellas  or  parasols ;  for  stiffening  stays ;  for  the  frame-work  of 
hats,  &.C.  When  heated  by  steam,  or  a  sand-bath,  it  softens,  and  may  be  bent  or  ax)ulded, 
like  horn,  into  various  shapes,  which  it  retains,  if  cooled  under  compression.  In  this  way, 
snuff-boxes,  and  knobs  of  walking-sticks,  may  be  made  from  the  thicker  parts  of  the  blade. 
The  surface  is  polished  at  first  with  ground  pumice-stone,  felt,  and  water ;  and  finished 
with  dry  quicklime,  spontaneously  slaked,  and  sifted. 

WHEAT.  (Triticum  vulgare,  Linn. ;  FromeiU,  Fr. ;  TFotren,  Germ.)  See  BmxAO, 
Gluten,  and  ^arch. 

WHEEL  CARRIAGES.  Though  this  mannfhetnfe  belongs  most  properly  td 
m  treatise  upon  mechanical  engineering,  I  shall  endeavor  to  describe  the  parts  of  • 
earriare,  so  ss  to  enable  gentlemen  to  jodee  of  its  make  and  relative  merits.  The 
external  form  may  vary  with  every  freak  of  fashion ;  but  the  general  structure  of  a  vehicle 
sn  to  lightness,  elegance,  and  strength,  may  be  judged  of  from  the  following  figure  and 
description. 

Fig,  1 166,  shows  the  body  of  a  chariot,  hnng  upon  an  iron  carriage,  with  iron  wheels, 
azletreps,  and  boxes ;  the  latter,  by  a  simple  contrivance,  is  close  at  the  out-head,  by  which 
means  the  oil  cannot  eseape ;  and  the  fkstening  of  the  wheel  being  at  the  in-head,  as  will' 
be  explained  afterwards,  gives  great  security,  and  prevents  the  possibility  of  the  wheel  beliif  ' 
UdDsa  off  by  asy  other  eamage  rannhig  against  it. 
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arm  of  an  axltiree,  Inrned  pcrTceUr  tnc,  with  two  ccJIan  m  At 
,  u  teen  ai  a  rdq  h.    The  parti  froni  o  lo  ■  aie  made  cjlindrkaL     At  x  ii  *  •on 

the  poipoM  of  whieli  will  be  eiplainai  mftg,  1171. 


Fig.  1168,  is  the  loniitadinBl  xection  or  a  metal  saTe,  which  alM>  rorms  the  bub,  fat 
tte  better  fitting  of  which  to  the  axletree,  it  is  bored  out  of  the  Bolid,  and  made  quite  lir- 
tlfht  upon  the  pin ;  and  for  retaining  the  oil,  it  \i  left  a'.ote  at  the  out-head  d. 

Fig.  1 169,  represents  a  collet,  made  of  metal,  turned  perfectly  tfue,  the  least  diandK 
oT  which  is  made  the  same  with  that  part  of  the  axictree  ■,  fif.  1 IGT,  and  ita  fitatal 
diameter  the  Fame  with  thai  of  the  solid  collar  q,;!j.  IIST.  This  co)I«t  is  made  villii 
joint  at  n,  and  opens  at  p.  Tivo  grooves  are  represented  at  qq,  qq,  which  are  seeo  at  the 
Mme  letters  Infig.  IITO,  as  also  the  dovetail  r,  i a  both  figures. 

Fig.  1170,  is  an  edge  visw  of  the  collet,  J5g.  1169, 

Fig.  1171,  is  a  longitudinal  section  of  an  axletree  arm,  nave  or  bush,  and  fasteoil^. 
k,  B,  IS  the  arm  of  the  ailelree,  bored  up  the  centre  from  B  to  e.  c.  c,  d,  the  DaTC.  whU 
lil>9  1170  II7I 


■mwera  alio  for  the  bath,      f,  «,  the  collet  [see  j!,n.  1169  and  1170),  pnt  intoiti  plan. 

£^,  two  steel  pins,  passing  through  the  io-head  of  the  buth,  aud  filling  up  the  giouru 
the  collet,  w,  w,  a  eaped  honp,  sufficiently  broad  to  coier  the  ends  of  said  pirn,  tai 
made  fast  lo  the  bush  by  screws.  This  hoop,  when  so  fastened  to  the  bush,  prereM 
the  possibility  of  the  pins  q,  q,  from  gelliag  out  of  their  places,  a,  m,  is  a  leatbtr 
washer,  interposed  betwixt  the  in-head  of  the  bush  and  the  larger  solid  collar  of  Ikt 
Ulelree,  to  preienl  the  escape  of  oil  at  the  in-hcad.  K,  is  a  screw,  the  head  <j  whi^ 
It  near  the  letter  k,  in  Jig.  1 167.  This  screw  being  undone,  aad  oil  poured  into  Ikt 
ble,  it  Bows  down  the  bore  in  the  centre  of  the  aileUee  arm,  and  fills  the  space  •,  kA 
hj  the  arm,  being  about  one  inch  shorler  than  the  bore  of  the  both,  and  the  mew,  beiaf 
Uterwaidt  replaced,  keep*  all  tigbL    In  polling  m  the  wheel,  ■  IJUk  sal  on^  t*  be 
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im 


pot  inio  th«  sjaee  betwixt  th«  collel  r,  »,  >nd  th«  largei  mIIu.  The  eollu  r,  ■,  beb^ 
moTeable  niand  Ihe  ailelm  arm,  tnd  briiiE  made  Tul  to  Ifae  bosh  ij  mom  of  tfae  tiM 
pins  f,  I],  TtinUrs  >lon;  wilh  the  bush,  acting  against  the  solid  collu  a,  of  the  irm,  ud 
k«eps  the  wheel  ftst  to  Ihe  tilelree,  until  by  remoTin?  Ihe  cnped  hoop  w,  w,  and  driring 
ont  the  pins  q,  q,  the  collet  becames  diMnftiKcd  from  the  bush. 

The  do* elBil,  seen  upon  Ihe  collet  b1  r,Jig.  1 170,  has  a  correipondin;  gmon  cat  in  the 
bash,  to  receire  it,  in  consequence  oC  xrhich  the  wheel  mnit  at  neeeMitj  he  put  on  so  IbU 
thecoUrt  and  pins  fit  eiaetly.  These  wheels  very  rarely  reqoire  to  betaken  off.uidlteT 
will  run  a  thousand  miles  without  requiring  fresh  oiling. 

The  (pokes  of  the  wheel,  made  of  malleable  iron,  are  aercwed  into  Ihe  btuh  or  nave  at 
c,  c,fiii.  I1*>B,  IlTl,  all  Tonnd.  I'he  felloes,  composed  merely  of  two  han  of  iron,  bent 
into  a  circle  edgeways,  are  put  on,  Ihe  one  on  the  front,  Ihe  other  on  the  hack,  of  the 
Bpc*es,whichhaveshoulder»onbolhsideBiosupport  Ihe  felloes,  and  all  three  are  attached 
together  by  rivets  Ibrongh  Ihem.  The  space  belweenlhe  two  iron  rings  forming  the  felloei, 
should  be  Hlled  up  with  light  wood,  the  [ire  then  put  on,  and  fastened  to  ihe  felloes  by  bolts 
and  glands  clss|>ing  both  felloes. 

This  is  a  carriage  wilhoul  a  mortise  or  tenon,  or  wooden  joint  of  any  kind.  It  is,  at  an 
BTeragp,  one  seventh  lighter  than  any  of  those  built  on  the  oidinarr  constnieliDn. 

The  design  of  Mr.  W,  Mason's  patent  inveulion,  of  1827,  is  to  gite  any  required 
pressure  to  Ihe  ends  of  what  are  called  mail  axletrees,  in  order  lo  pretent  their  shaking 
in  (he  bones  of  Ihe  wheels.  This  object  is  elfecled  by  the  inlroduellon  of  leather  eoUan 
in  certain  parts  of  the  box,  and  by  a  contrivance,  in  which  the  outer  cap  is  screwed  up, 
■o  as  to  bear  againsi  Ihe  end  of  Ihe  ailetree  with  •n)'  degree  of  lightness,  and  is  held  in 
thai  atluaijon,  without  ihe  possibility  of  turning  round,  or  allowiag  Uie  axletrve  to  beenae 

Fig.  1172,  shows  the  seciion  of  Ihe  box  of  a  wheel,  with  the  end  of  the  axletree 
teeured  in  ii.    The  general  form  of  Ihe  box,  and  of  the  axle,  is  the  same  as  other  mail 
I17J  1173  "l«i    there    beii^ 

recesses  in  Ihe  bos 
Ibr  the  reeepiion  of 
oil.  At  Ihe  end  of 
Ihe  Bile,  a  cap  a,  it 
inserted,  wilh  a  lea- 
ther collar  enclosed 
in  it,  bearlnE  against 
the  end  of  the  axle ; 
which  cap,  when 
screwed     up    soffi- 

eienlly  tiEhl,  IS  held  in  Ihnt  situation  by^  pin  or  screw  psssedlhrongh  the  cap  a,  into  the  end 
oTthe  iron  box,  a  represcnialion  orihisendoTtheiron  boibeiagshown  aljtg.  1173. 

In  the  cap  a,  there  is  also  a  tcroovefor  conducting  the  oil  lo  Ihe  interior  of  the  box,  with 
a  screw  at  the  ojiening.  In  prevent  il  running  out  as  the  wheel  goes  round. 

The  particular  claims  of  improvemenl  are,  the  leather  collar  aninsl  the  end  of  tfae  axle  j 
the  pin  Eoins  through  one  of  Ifae  holes  in  the  end  of  Ihe  box,  lofix  it;  and  the  cfaanuel  lor 
conducting  the  oil. 

Mr.  Mason's  patent,  of  August,  1830,  applies  also  to  the  boxes  and  axles  of  that  con- 
struction of  carriage  wheels  which  are  filled  wilh  the  so  called  mail-boxes;  but  part  of  the 
invention  applies  lo  other  ailes. 

Fig.  llT-i,  represents  Ihe  nave  of  a  wheel,  wilh  the  box  for  the  axle  wilhin  il,  both 
shown  in  section  joneitudinnlly  j  fig.  1 175,  is  a  seciion  of  the  axle,  taken  in  Ihe  same 
direeiion;  Bnd;!g.  1176,  represenis  Ihe  screw  cap  and  oil-box,  which  altaches  to  ' 
extremity  of  Ihe  axle-box.  Supposing  the  parts  were  put  together, 
into  Ihe  box,  then  Ihe  intention  of  Ihe  diSerenl  parts  will  be  perceived. 

The  cylindrical  recess  n,  in  the  box  of  the  nave,  is  designed  to  fil  the  cylindrical  part 
of  Ihe  axle  ft  ;  and  Ihe  conical  part  c,  of  the  axle,  lo  shoulder  up  against  a  corresponding 
coBic:»l  cavity  in  Ihe  box,  wilh  a  washer  of  leather  lo  prevent  ill  shaking.  A  collar  d, 
fotmat  by  a  melatlic  ring,  fils  loosely  upon  a  cylindrical  part  of  Ihe  axle,  and  is  kepi  there 
by  a  flange  or  rim,  fixed  befaind  the  cone  t.  Several  strong  pins  /,/,  are  easl  into  the 
back  pari  of  the  box;  which  pins,  when  the  wheel  is  allaehed,  pass  throagfaeorresponding 
holesin  the  collar  d;  and  nuts  being  screwed  on  to  Ihe  ends  of  the  pins/,  behind  Ihe  collar, 
keep  Ihe  wheel  securely  attached  lo  the  axle.  The  screw-eap  (,  is  then  inserted  into  Ihe 
receu  A,  al  Ihe  outer  part  of  the  box,  its  conical  end  and  small  lube  i,  passing  into  Ihe  races* 
k,in  Ifae  end  of  the  axle. 

The  parts  being  thus  connected,  ibe  oil  contained  wiihia  the  cap  g,  will  flow  thrtnifh 
Iht  nnall  lube  t,  in  its  end,  into  the  recess  or  cylindrical  channel  (,  within  the  axle,  and  wiD 
(bCKe  pass  through  a  small  hole  in  Ihe  tide  of  the  aile,  into  Ifae  cylindrical  recess  a,  cf 
Ita  bosi  wkl  tha  it^ag  Im  tba  fnwre  usd  other  eariiiM  wilhta  Ike  bo^wU]  1» 


s,  tfae  axle  inserted 
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brkalt  the  ule  m  Iba  whed  |!0M  nHmd.    There  »  aln  m  tattS  gnowt  a 


lide  of  Ibe  aile,   Tor  mi>daeliag  tlie  eU,  i 


order  th&t  it  m«j  be  more  eqvalljr  di»- 
UibatMl  oTer  the  iorfkee  uid  the  beu^ 
infi.  Thii  contlmelion  of  the  box  tad 
■xle,  IB  fal  u  the  labricstion  geet,  mtj 
be  applied  la  the  axle*  of  wbecU  tl 
^nrral ;  but  that  part  of  the  iovention 
which  i»de»igned  to  gite  Rteatet  leen- 
rily  in  Ibe  altacbineot  of  tbc  whed  In 
the  carriage,  appliei  panicularlr  to  Bail 

Williain  Haaon't  patent  ia- 
for  wheel  curiafief,  of  Angmt, 
IKil,  will  be  undenlood  br  reference 
to  (be  annexed  figure*.  Fig.  1 177,  il  * 
plan  showing  the  foie-axlelree  bed  a.  a, 
of  a  foDr-wheeled  carriage,  to  whkk 
the  axlelreet  b,  b,  are  jointed  at  eath 
endi  fig.  1178  is  an  ealar^nl  plaa;  ni 
fig.  IIT9  an  elevation,  or  side  view  oTou 
end  of  the  said  rore-oiletree  bed,  bafiig 
a  Collinge'a  axletree  jointed  to  the 
axletree  bed,  bj  meani  of  the  cylindrical  pin  or  bolt  c,  which  passes  tbroagh  and  Inmiil 
a  cylindrical  bole  it,  fonned  at  Iheendof  iheaxleiren  bed,  shown  also  in  the  plan  Tiew,ji{. 
1180,  and  .ecli0D,jl5.  1181.  ^^^^       ^^g^ 


The  axletree  b,  is  firmly  united  with  the  qpper  end  e,  of  the  pin  or  bolt  c ;  and  W  lh« 
lower  end  of  il,  which  is  sqnared,  the  ^jde  piece/,  is  also  filled,  and  secured  by  lie 
screw  s,  and  cap  or  nul  h,  seen  in^g.  1 179,  and  in  eeclion  in/i?,  1 182.  There  are  leather 
washers  1,1,  let  into  recesses  made  to  receive  ihem  in  the  parts  o,  6,  and/,  the  inientoT 
which  is  to  prevent  the  oil  from  escaping  that  is  introduced  through  the  central  perpea- 
dicular  hole  seen  in  fig.  1 182,  which  bole  is  clpsed  by  idmbs  of  a  screw  inserteil  inw 
it.  The  oil  is  diffused,  w  spread  over  the  surface  of  the  cylinder  r,  by  meant  of  a  lide 
branch  leading  from  the  bollom  of  ibe  hole  into  a  groove  formed  aroond  the  cyliads, 
—J  .!.„  w  ,,,-^8  of  two  longiladinal  gaps  or  caviliea  made  within  the  hole,  ■      '   - 
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"n*  outer  end*  or  the  gaide  pieces/,/,  are  jointed  to  (he  iplinter-bar  •,/!(:.  1ISI,  u  fbl- 
ioWf.^Fig.  1IS3,  is  I  plan,  and  Jig.  1IB4,  a  section  of  the  join!  o,  in  jig-.  IITT,  thownoa 
■n  enlarged  scale;  a  cflindrieai  pin  or  bolt  f,  i!  fiimly  aeeured  in  the  splinler-bar,  and  round 
the  lower  part  of  the  said  pin  or  boll  ibe  guide  piece/,  turns,  and  ii  ouule  Tail  in  its  place 
bf  the  sereir  f,  and  screwed  nut  h. 

Oil  is  eonveyed  to  the  lower  part  of  the  cylindrical  pin  c,  in  a  similar  manner  lo  that 
alre«9r  described,  and  two  leather  washers  are  likewise  furnished,  to  preTeal  its  escape. 
The  connecting  joint  at  the  opposite  end  of  the  splinter  bar  n,  is  constructed  ja  a 
similar  manner.  The  rntchel  or  sodul  p,p,  tin  the  pole  oT  the  carriage,  must  also  ba 
joinled  to  the  middle  o(  the  Tore-axletree  bed  and  splinter-bar,  in  a  similar  manner.  The 
swingletrees  g,  g,_/ig.  1177,  are  likewise  jointed  in  Ibe  same  wa;  lo  the  splinter-bar. 
Fig.  Iia5,  isaude  view  of  these  parts.  The  Tore  wheels  of  the  carriage,  Jtg.  liTT,  are 
furnished  with  cast-iron  boxes,  as  usual.  Tbe  doited  lines  show  the  action  o[  the  pole 
p,  p,  npon  the  splinler-bai  n,  and  as  communirated  through  the  latter  to  the  guide 
piece*/,/,  connected  with  the  ailetrees  A,  A,  so  as  to  lock  the  wheel*  r,  r,  as  shown  in  thai 

The  ailetree  mar  be  ineased  in  the  woodwork  of  the  fore-bed  of  the  carriage,  u 
nsual,  and  as  shown  bf  dotted  lines  in  the  back  end  view  lhereor,y!g.  1186^  and  tin 
framing  i,  fig.  IIBT,  may  be  alSxed  lirnilf  upon  the  said  woodwork,  in  any  fit  and 
proper  manner,  as  well  as  the  fure-sprin;s  I,  t,  shown  in  Jifi.  1 186  snd  1 187,  and  like- 
wise in  the  side  view,  Jig.  IIBS.  In  certain  cases  it  may  be  desirable  to  fix  ifae  cyliadrieal 
pin  or  boil  c,  firmly  in  the  splinter-bar  n,  in  the  manner  ahown  in  fig:  1 189  and  1190 1 
the  swingleirees  q,  q,  and  guide  pieces/,/,  turning  freely  above  and  below  upon  the  said 
pin  or  bolt,  and  secured  in  their  places  thereon  by  screws  and  screwed  nats,  oil  being  alio 
supplied  ihrouiih  holes  formed  in  both  ends  of  the  said  pin  or  bolt,  and  leather  washen 
provided,  as  in  Ihe  above-described  instances. 

Mr.  Gibbs,  engineer,  and  Mr.  Chaplin,  coach-maker,  obtained  a  patent,  in  1832,  for 
Ihe  construction  of  a  four-wheeled  carriaiie  which  ihull  be  enabled  to  turn  within  a 
■mall  compass,  by  throwing  Ihe  axles  of  all  Ihe  four  wheels  simultaneously  into  different 
position*.  They  eOect  this  object  by  mounting  each  wheel  upon  a  separate  jointed 
axle,  and  by  connecting  the  fre« 
endi  of  Ihe  four  axles  by  joinled  rod* 
or  ebaiuB,  with  the  pole  and  splinter- 
bar  in  front  of  tbe  carriage. 

To  fix  the  end*  of  the  spoke*  rf 
wheels  to  the  felloe  or  rim,  with 
greater  security  than  had  been  eF 
fected  by  previoua  method*,  is  tha 
object  t^  a  eontrivaoce  for  which 
William  Howard  obtained  a  patent, 
in  February,  1830.  Fiii.  II9I  show* 
a  portion  of  a  wheel  constructed  on 
Ibis  new  method;  a,  is  Ihe  nare, 
of  wood  i  b,  b,  b,  wooden  spoke*, 
inserted  into  the  nave  in  the  usual 
way  t  c,  c,  is  the  rim  or  felloe,  in- 
tended lo  be  forived  by  one  entire  circle  of  wrought  iron  j  d,  and  •,  t,  are  Ihe  ahoei 
or  blocks,  of  cast  iron,  for  receiving  the  ends  of  the  spokes,  which  are  secured  by  bolt* 
to  the  rim  oa  the  inner  circumference.  The  cap  of  the  block  d,  a  removed,  for  tjte 
purpose  of  showing  the  internal  form  of  the  block  r  ',  e,  have  their  caps  fixed  on,  •• 
they  would  appear  when  the  spokes  are  fitted  in.  One  of  the  caps  or  shoes  is  shown 
detached,  upon  a  larger  scale,  at  Jtg.  1 192,  by  which  it  will  be  perceived  that  tbe  end 
II92  of  the  *poke  is  introduced  into  the  shoe  on  Ihe  side.     It  is  proposed 

^4VK  that  Ihe  end  of  the  «poke  shall  not  reach  quite  to  the  end  of  the 

i^^'H^V'^     recess  formed  in  the  block,  and  that  it  thall  be  made  tight  by  • 
(^^^□S^r/     wedge  driven  in.    The  wedge  piece  i*  lo  be  of  wood,  as  fig.  1 193, 
^^S^^^^^      with  a  small  slip  of  iron  within  ilj   and  a  hole  is  perforati^  in  the 
back  of  the  block  or  shoe,  for  Ihe  wedge  to  be  driven  through.     When  this  is  done,  the 
ends  of  the  siiokes  become  confined  and  tight ;   and  the  projecting   citremtlies  of  Ihe 
1 193     wedees  being  ent  oR",  the  caps  are  then  attached  on  Ihe  face  of  the  block,  a*  at 
r-^     t,  t,  by  pins  riveted  at  their  ends,  whieh  secures  the  spokes,  and  renders  il 
1-^     impossible  for  them  to  be  loosened  by  the  vibrations  as  the  wheel  passe* 
over  Ihe  ground.     One  important  use  of  the  wedges,  ii  lo  correct  the  eccentric  figure  of 
the  wheel,  whieh  may  be  readily  forced  oul  in  any  part  that  may  be  out  of  the  true 
form,  by  driving  the  wedge  up  further  i   and  this,  il  is  considered,  will  be  a  very  in- 
portani  advantage,  as  Ihe  nearer  a  wheel  can  be  brought  to  a  true  circle,  Ihe  easier  it 
will  mn  U|H«  the  road.     The  periphery  of  Ihe  wheel  i*  to  be  protected  by  ■  tjn^ 
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wkicli  may  be  put  on  in  pieees^  and  bolted  through  the  felloe ;  or  it  may  be  made  in  one 
t\mSj  and  attached,  while  hot,  in  the  usual  way. 

Sir.  Reedhead's  patent  improvements  in  the  construction  of  carriages,  are  represented 
in  the  following  figures.    They  were  specified  in  July,  1833. 

Fig.  1194,  is  a  plan  or  horizontal  view  of  the  fore  part  of  a  earriage,  intended  to  be 
drawn  by  horses,  showing  the  fore  wheels  in  their  position  when  running  in  a  straight 
eourK  i  fig,  1 195,  is  a  similar  view,  showing  the  wheels  as  locked,  when  in  the  act  of 

1194  1195 


turning;  fig,  1196,  is  a  front  end  elevation  of  the  Mime  ;  fig,  1197,  is  a  section  taken 
through  the  centre  of  the  fore  axletrec ;  and  fig,  1 198,  is  a  side  elevation  of  the  general 
appearance  of  a  stage-coach,  with  the  improvements  appended :  a,  a,  are  two  splinter- 
bus,  with  their  roller-bolts,  for  connecting  the  traces  of  the  harness ;  these  splinter-btrt 
are  attached,  by  the  bent  irons  6,  6,  to  two  short  axletrees  or  axle-boxes  c,  c,  which  carry 
tlie  axles  of  the  fore  wheels  d,  d,  and  turn  upon  vertical  pins  or  bolts  €,  e,  passed  through 
^e  fore  axletree  /,  the  splinter-bars  and  axle-boxes  being  mounted  so  as  to  move 
parallel  to  each  other,  the  latter  partaking  of  any  molion  given  to  the  splinter-bars  by 
Uie  horses  in  drawing  the  carriage  forward,  and  thereby  producing  the  locking  of  the 
wheels,  as  shown  in  fig,  J 195 ;  and  in  order  that  the  two  wheels,  and  their  axles  and 
a^e-boxes,  together  with  the  splinter-bars  a,  a,  may  move  simultaneously,  the  latter  are 
connected  by  pivots  to  the  end  of  the  links  or  levers  ?-,  g,  which  are  attached  to  the  arms 
t,  t,  which  receive  the  pole  of  the  coach  by  a  hin«e-io*ml  or  pin  h ;  the  arms  i,  i,  turning 
on  a  vertical  fulcrum-pin  fe,  passed  through  the  main  axletree/,  as  the  pole  is  moved  from 
one  side  to  the  other. 

The  axles  o,  o,  are  firmly  fixed  into  the  naves  of  the  wheels,  as  represented  in  the  side 
view  of  a  wheel  detached,  at^jgr.  1200,  the  axles  being  mounted  so  as  to  revolve  within 
their  boxes  in  the  following  manner : —  The  axle-boxes,  which  answer  the  purpose  of 
ihort  axletrees,  are  formed  of  iron,  and  consist  of  one  main  or  bottom  plate  ly  seen  best 
in  figs,  1200  and  1199 ;  upon  this  bottom  plate  is  formed  the  chamber  m,  m,  carrying 
the  two  anti-friction  rollers  «,  n,  which  turn  on  short  axles  passed  through  the  sides  and 
pnrtition  at  the  upper  i)art  of  the  chambers.  These  anti-friction  rollers  bear  upon  the 
cylindrical  parts  of  the  axle  o,  of  each  wheel,  and  support  the  weight  of  the  coach;  p,  is 
a  bearing  fomly  secured  in  the  axle-box  to  the  plate  /,  for  the  end  of  the  axle  o  to  run 

1196  1197 


mkf  the  axle  being  confined  in  its  proper  situation  by  a  collar  and  acrew-nvt  on  its  caii 
%1i  tke  vertinl  pin  or  bolt  bafiirt  mentionad,  upon  which  the  ailo-bar  timt  hIni  tkt 


WHEEL  CAKRIAGEa 


1901 


ISOO 


wheeli  BTB  loclting,  wbich  boll  ii  enlarged  wiltiin  tb«  hoi,  ud  htt  an  ere  f>>r  the  xOt 
to  put  ibroDgta,  being  firmlr  s«cnred  lo  (be  plate  f,  ■ndalgo  to  the  lides  oriheboi.  F^. 
1200,  ia  ■  plan  or  horizontal  view  of  an  axle  and  ill  box,  beloeging 
lo  one  oflbe  fore  wheels;  a  piece  q,  it  fixed  to  the  under  lideof  11m 
main  axletree,  irhieh  aujiporu  (he  ends  oTthe  plates  I,  and  thereby 
relieves  the  pin»  «,  t,  of  the  strain  thej  would  otherwise  have  to 
withstand.  'I'he  axles  of  the  hind  wheels  are  mounted  apon  simOu 
plates  I,  t,  with  bearings  and  chambers  with  anti-rriction  roUott 
bat  as  these  are  not  required  to  lock,  the  plates  I,  I,  are  Bxed  on  U> 
the  nnder  tide  of  the  hind  allelree  by  screw-nutsi  there  are  tm^ 
opening  or  doors,  which  on  be  reinored  for  the  purpose  of  un- 
screwing Ibe  Duls  and  collars  of  the  bearings  p,  when  (he  wheel  h 
required  to  be  lahcn  off  the  carriage,  when  the  axle  can  be  with- 
drawn from  (be  boxes.  If  it  should  be  (hongbt  neeessarir,  other 
chambers  with  friction  rollers  may  be  placed  on  the  nnder  side  of 
the  plale  I,  to  bear  up  [he  End  of  the  axles,  and  reliere  the  beariif 
p.  In  order  to  atop  or  impede  (he  progresi  oft  carriage  in  passing 
.  down  hilts,  (here  is  a  grooved  IViction  or  brake  wheel  (,  fixed,  bj 
clamps  or  ntherwiie,  on  to  the  apolces  of  one  of  the  hind  wheell; 
«,  is  a  brake-band  or  sprini,  of  metal,  encircling  the  friction  wheel,  one  end  of  whieh 
band  is  fixed  into  the  standard  v,  upon  the  bind  axlclree,  and  (be  other  end  eoB- 
nected  by  a  joint  lo  the  sborter  end  of  (he  lever  u,  whieh  has  its  falemm  in  (he  standard 
V ;  this  lever  extends  up  lo  the  hind  tnl  of  the  coieh,  as  shown  in  fig.  1 I9S,  and  is  in- 
tended to  be  under  the  command  of  the  guard  or  passengers  of  the  coach,  and  when  de- 
■cending  a  hill,  or  on  occasion  of  (he  horses  running  away,  (he  longer  end  <rf  the  lever  1« 
to  be  depressed,  which  will  raise  ihe  shorler  end,  and,  eonseqnentlr,  bring  the  band  or 
spring  II,  in  contact  with  (he  surface  of  (he  fric(ion  wheel,  and  thereby  retard  its  revoh- 
'  lion,  and  prevent  the  coach  travelling  loo  fast;  or,  instead  of  ■((aching  Ibe  frictiOB 
brake  to  the  hind  wheel,  as  represented  in  fig.  1198,  it  may  be  adapt^  to  (he  Am 
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-wheels,  and  (he  end  of  (he  lever  brought  up  (o  (he  tide  of  Ihe  fool-board,  or  under  it,  ud 
wi(hin  command  of  Ihe  coachman,  the  standard  which  carries  (he  fulcrum  being  made  !• 
move  upon  •  pivot,  lo  accammodalr  the  locking  of  the  wheels.  II  will  be  obaerved,  that 
by  these  improved  constructions  of  the  carriage,  and  mode  of  locking,  the  patentee  i* 
enabled  to  use  much  larger  fure  wheels  (bin  in  common,  and  (hat  Ihe  tplinter-bar*  will 
always  be  in  (he  position  of  right  angles  with  (he  track  or  way  of  Ihe  horses  in  drawiu 
the  carriage,  by  which  they  are  much  relieved,  and  always  pull  in  a  direct  and  eqiuu 

A  manil^t  defect  in  all  fiiur-wbceted  carriages,  involving  vast  superRuoos  (Viclion,  if 
the  small  size  of  the  front  wheels ;  a  defect  which  has  existed  ever  since  Walter  Rippa> 
made  *'(he  first  hollow  fuming  coach  with  pillars  and  arches  for  her  majesty  Queen 
Mary,  being  then  her  servanl,"  until  the  railroad  era,  who,  onr  engineers  remedied  Ike 
defect  by  equalizing  the  wheels,  at  the  expense  of  anolherSefecl — sacrificing  the  power 
of  turning,  and  thus  producing  great  lateral  friction ;  whence  ■  train  of  evil  consequence! 
result ;— necessarily  increased  slrenijth,  and  consequently  incre«ed  weight  of  the  carria- 
ges; increased  power  and  weight  oflbe  engine  to  draw  them,  and  overeoiuethe  frictioB) 
and,  of  course,  increased  strength  of  raits,  and  greater  solidity  of  railway. 

These  defects  are  at  last  remedied  by  an  invention  patented  by  Mr.  WHliam  AdaiDi^ 
author  of  a  work  entitled  "English  Pleaiore  Carriages."  Instead  of  placing  (be  peick- 
boK,  or  taming  centre,  as  is  commonly  done,  over  (he  fhinl  axte,  be  places  it  at  a  eo^ 
Tenlenl  dtrtuee  Miewa  Ihc  front  and  hind  ulee;  ao  that  whea  nraing  the  carriage  tka 
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front  wheels,  instead  oi  turning  beneath  the  body,  ts  is  common,  torn  ontside  of  it,  and 
the  driver's  seat  turns  with  them ;  thus  giving  him  a  perfect  command  over  bis  horses  in 
all  positions,  instead  of  the  usual  dangerous  plan,  which  renders  a  driver  liable  to  be 
pulled  off  his  box  by  a  restiff  horse,  when  in  the  act  of  turning.  A  carriage  constructed 
on  Mr.  Adams's  plan  may  also  be  driven  round  a  corner  at  full  speed,  without  any  risk  of 
overturning,  as  the  weight  is  equally  poised  on  the  axles  in  all  positions.  It  is  well  known 
that  the  oversetting  of  stage  coaches  usually  takes  ])]ace  when  turning  a  comer,  the 
momentum  urging  the  vehicle  in  a  right  line,  while  the  horses  are  pulling  at  an  angle. 
By  the  new  arrangement  the  front  wheels  may  be  made  equal  to  the  hind  ones,  or  of  any 
desirable  height,  and  at  the  same  time  the  body  may  be  kept  as  low  as  may  be  thought 
convenient,  even  almost  close  to  the  ground,  if  desired.  Thus  two  important  obgecti, 
hitherto  deemed  incompatible,  are  combined — high  wheels  and  a  low  centre  of  gravity. 
These  carriages  are  therefore  essentially  safety  carriages,  while  the  friction  is  reduced  to 
a  minimum.  The  principle,  in  its  various  modifications,  is  applicable  to  every  variety  of 
carriage,  both  those  of  the  simply  useful  kind,  and  those  where  beauty  of  form  and  color 
are  prime  requisites. 

Another  most  important  part  of  Mr.  Adams's  invention,  is  his  new  mode  of  spring  sns- 
pension ;  applying  the  principle  of  the  bow  and  string,  for  the  first  time,  to  obviate  tlie 
efifects  of  concussion  in  wheel  carriages.  All  the  springs  hitherto  in  use  for  wheel  carria- 
ges, have  been  friction  springs,  composed  of  long  sliding  surfaces,  uncertain  in  their  ac- 
tion, and  liable  to  quick  destruction  by  rust.  But  Mr.  Adams's  springs  are  essentially 
elastic,  being  formed  of  single  plates  abutting  endways,  so  that  all  friction  is  removed, 
and  they  can  be  hermetically  sealed  within  paint  to  prevent  their  corrosion.  He  has 
various  modes  of  applying  the  bow,  either  single  or  double,  above  or  below  the  axle;  hot 
one  most  important  feature  is,  that  the  axle  being  attached  to  the  flexible  cords  or  braces, 
the  concussion  which  afiects  the  wheels,  either  laterally,  vertically,  or  in  the  line  of  pro- 
gress, is  perfectly  intercepted,  without  the  unpleasant  oscillation  experienced  in  carriages 
where  the  same  purpose  is  accomplished  by  the  use  of  the  curved  or  C  spring.  Mr. 
Adams's  brace  being,  at  the  same  time,  a  non-conductor  of  sound,  the  rattling  of  the 
wheels  does  not  annoy  the  rider  as  in  ordinary  carriages.  His  springs  are  equally  applica- 
ble to  vehicles  with  two  and  four  wheels. 

The  advantages  of  these  carriages  may  be  thus  summed  up  : — A  great  diminution  of 
the  total  weight ;  a  diminution  of  resistance  in  draught  equal  to  about  one  third ;  increase 
of  safety  to  the  riders;  increased  durability  of  the  vehicle;  absence  of  noise  and  vibra- 
tion ;  absence  of  oscillation. 

To  these  qualities,  so  desirable  to  all,  and  especially  those  of  delicate  nervous  tempera- 
ment, may  be  added — greater  economy,  both  in  the  first  cost  and  maintenance. 

The  rvhirling  public  so  blindly  follows  fashionable  caprice  in  the  choice  of  a  carnage, 
as  to  have  hitherto  paid  too  little  attention  to  this  fundamental  improvement ;  but  raany 
intelligent  individuals  have  fully  verified  its  practical  reality.  Having  inspected  varioos 
forms  of  two-wheeled  and  four-wheeled  carriages,  in  the  patentee's  premises  in  Dniry 
Lane,  I  feel  justified  in  recommending  them  as  being  constructed  on  the  soundest  mechan- 
ical principles;  and  have  no  doubt,  that  if  reason  be  allowed  to  decide  upon  their  merits, 
they  will  ere  long  be  universally  preferred  by  all  who  seek  for  easy-moving,  safe,  and 
comfortable  vehicles. 

WHETSLATE,  is  a  massive  mineral  of  a  greenish-gmy  color ;  feebly  glimmering: 
fracture,  slaty  or  splintery;  fragments  tabular;  translucent  on  the  edges;  feels  rather 
greasy;  and  has  a  spec.  grav.  of  2*722.  It  occurs  in  beds,  in  primitive  and  transitioD 
slates.  Very  fine  varieties  of  whetslate  are  brought  from  Turkey,  called  hone-ttonea,  which 
are  in  much  esteem  for  sharpening  steel  instruments. 

WHEY  (Petit  laif,  Fr. ;  Molken,  Germ.),  is  the  greenish-gray  liquor  which  exudes  from 
the  curd  of  milk.  Scheele  states,  that  when  a  pound  of  milk  is  mixed  with  a  spoonful  of 
proof  spirit,  and  allowed  to  become  sour,  the  whey  filtered  off,  at  the  end  of  a  month  or  a 
little  more,  is  a  good  vinegar,  devoid  oflnctic  acid. 

WHISKEY,  is  dilute  alcohol,  distilled  from  the  fermented  worts  of  malt  or  grains. 

WHITE  LEAD,  Carbonate  of  lead,  or  Certue.  (Blanc  de  plornb,  Fr. ;  Bleiittiss^  Germ.) 
This  preparation  is  the  only  one  in  general  use  for  painting  wood  and  the  plaster  walls  oif 
apartments  white.  It  mixes  well  with  oil,  without  having  its  bright  color  impaired, 
spreads  easily  under  the  brush,  and  gives  a  uniform  coat  to  wood,  stone,  metal,  Jtc.  It 
is  employed  either  alone,  or  with  other  pijjments,  to  serve  as  their  basis,  and  to  give  then 
body.  This  article  has  been  long  manufactured  with  much  success  at  Klagenfurth  in 
Carinthia,  and  its  mode  of  preparation  has  been  lately  described  with  precision  by 
Marcel  de  Serres.  The  great  white-lead  establishments  at  Krems,  whence,  though 
incorrectly,  the  terms  while  of  Kremnitz  became  current  on  the  continent,  have  been 
abandoned. 

1.  The  lead  comes  from  Bleyberg;  it  is  very  pure,  and  particularly  free  fitun  eontami- 
■atkm  with  iron,  a  point  essential  to  the  beauty  of  iu  factitions  carbonate.    It  is  melted 
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in  ordinary  pots  oF  cast  iron,  and  cast  into  sheets  of  varying  thickness,  according  to  the 
pleasure  of  the  manufacturer.  These  sheets  are  made  by  pouring  the  melted  lead  upon 
«n  iron  plate  placed  over  the  boiler ;  and  whenever  the  surface  of  the  metal  besins  to 
consolidate,  the  plate  is  slightly  sloped  to  one  side,  so  as  to  run  off  the  still  liquid  metal, 
and  leave  a  lead  sheet  of  the  desired  thinness.  It  i/t  then  Ii(\ed  off  like  a  sheet  of  paper; 
nnd  as  the  iron  plate  is  cooled  in  water,  several  hundred  weights  of  lead  can  he  readily 
cast  in  a  day.  In  certain  white-lead  works  these  sheets  are  one  twenty-fourth  of  an 
inch  thick ;  in  others^  half  that  quantity ;  in  some,  one  of  these  sheets  takes  up  the  whole 
width  of  the  conversion-box  ^  in  others,  four  sheets  are  employed.  It  is  of  conse- 
quence not  to  smooth  down  the  faces  of  the  leaden  sheets ;  because  a  rough  surface  pre- 
sents more  points  of  contact,  and  is  more  readily  attacked  by  acid  vapors,  than  a  polish- 
ed one. 

2.  These  plates  are  now  placed  so  as  to  expose  an  extensive  surface  to  the  acid  fumes, 
by  folding  each  other  over  a  square  slip  of  wood.  Being  suspended  by  their  middle,  like 
a  sheet  of  paper,  they  are  arranged  in  wooden  boxes,  from  4|  to  5  feet  long,  12  to  14 
inches  broad,  and  from  9  to  11  inches  deep.  The  boxes  are  very  substantially  construct- 
ed ;  their  joints  being  mortised ;  and  whatever  nails  are  used  being  carefully  covered. 
Their  bottom  is  made  tight  with  a  coat  of  pitch  about  an  inch  thick.  The  mouths  of  the 
l)oxes  are  luted  over  with  paper,  in  the  works  where  fermentiag  horse-dung  is  employed 
tis  the  means  of  procuring  heat,  to  prevent  the  sulphureted  and  phosphureted  hydrogen 
from  injuring  the  purity  of  the  white  lead.  In  Carlnthia  it  was  formerly  the  practice. 
as  also  in  Holland,  to  form  the  lead  sheets  into  spiral  rolls,  and  to  place  them  so  coiled 
up  in  the  chests ;  but  this  plan  is  not  to  be  recommended,  because  these  rolls  present 
obviously  less  surface  to  the  action  of  the  vapors,  are  apt  to  fall  down  into  the  liquid  at 
the  bottom,  and  thus  to  impair  the  whiteness  of  the  lead.  The  lower  edges  of  the  sheets 
are  suspended  about  two  inches  and  a  half  from  the  bottom  of  the  box ;  and  they  must 
not  touch  either  one  another  or  its  sides,  for  fear  of  obstructing  the  vapors  in  the  first 
case,  or  of  injuring  the  color  in  the  second.  Before  introducing  the  lead,  a  peculiar  acid 
liquor  is  put  into  the  box,  which  differs  in  different  works.  In  some,  the  proportions  are 
four  quarts  of  vinegar,  with  four  quarts  of  wine-lees ;  and  in  others,  a  mixture  is  made 
of  twenty  pounds  of  wine-lees,  with  eight  and  a  half  pounds  of  vinegar,  and  a  pound  of 
carbonate  of  potash.  It  is  evident  that  in  the  manufactories  where  no  carbonate  of  pot- 
ash is  employed  in  the  mixture,  and  no  dung  for  heating  the  boxes,  it  is  not  necessary  to 
lute  them. 

3.  The  mixture  being  poured  into  the  boxes,  and  the  sheets  of  lead  suspended  within 
them,  they  are  carried  into  a  stove-room,  to  receive  the  requisite  heat  for  raising  round 
the  lead  the  corrosive  vapors,  and  thus  converting  it  into  carbonate.  This  apartment  is 
heated  generally  by  stoves,  is  about  9  feet  high,  30  feet  long,  and  24  feet  wide,  or  of  such 
a  sixe  as  to  receive  about  90  boxes.     It  has  only  one  door. 

The  heat  should  never  be  raised  above  86^  Fahr.;  and  it  is  usually  kept  up  for  fifteen 
days,  in  which  time  the  operation  is,  for  the  most  part,  completed.  If  the  heat  be  too 
high,  and  the  vapors  too  copious,  the  carbonic  acid  escapes  in  a  great  measure,  and  the 
metallic  lead,  less  acted  upon,  affords  a  much  smaller  product. 

When  the  process  is  well  managed,  as  mnch  carbonate  of  lead  is  obtained,  as  there 
was  employed  of  metal ;  or,  for  3(X)  pounds  of  lead,  300  of  ceruse  are  procured,  besides  a 
certain  quantity  of  metal  after  the  crusts  are  removed,  which  is  returned  to  the  melting- 
pot.  The  mixture  introduced  into  the  boxes  serves  only  once ;  and  if  carbonate  of  pota& 
has  been  used,  the  residuary  matter  is  sold  to  the  hatters. 

4.  When  the  preceding  operation  is  supposed  to  be  complete,  the  sheets,  being  removed 
from  the  boxes,  are  found  to  have  grown  a  quarter  of  an  inch  thick,  though  previously 
not  above  a  twelfth  of  that  thickness.  A  few  pretty  large  crystals  of  acetate  of  lead  are 
sometimes  observed  on  their  edges.  The  plates  are  now  shaken  smartly,  to  cause  the 
crust  of  carbonate  of  lead  formed  on  their  surfaces  to  fall  off.  This  carbonate  is  put  into 
lar$;e  cisterns,  and  washed  very  clean.  The  cistern  is  of  wood,  most  commonly  of  a  square 
shape,  and  divided  into  from  seven  to  nine  compartments.  These  are  of  equal  capacity, 
but  unequal  heizht,  so  that  the  liquid  may  be  made  to  overflow  from  one  to  the  other. 
Thereby,  if  the  first  chest  is  too  full,  it  decants  its  excess  into  the  second,  and  so  on  in 
succession.     See  Rinsing  Machine. 

The  water  poured  into  the  first  chest  passes  successively  into  the  others,  a  slight  agi- 
tation being  meanwhile  kept  up,  and  there  deposites  the  white  lead  diffused  in  it  propor- 
tionally, so  that  the  deposite  of  the  last  compartment  is  the  finest  and  lightest.  After  this 
washing,  the  white  lead  receives  another,  in  large  vats,  where  it  is  always  kept  under 
water.  It  is  lastly  lifted  out  in  the  state  of  a  liquid  paste,  with  wooden  spoons,  and  laid 
on  drying-tables  to  prepare  it  for  the  market. 

The  white  lead  of  the  last  compartment  is  of  the  first  quiliiy,  and  is  called  on  the  con- 
tinent silver  white.     It  is  employed  in  fine  painting. 

When  white  lead  is  mixed  in  equal  quantities  with  ground  sulphate  of  barytet,  it  if 
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known  in  France  and  Germany  by  the  name  of  Venice  white.  Another  quality,  tMha- 
ated  with  double  its  weight  of  sulphate  of  baryte?,  is  styled  Hamburgh  white ;  and  a 
foorth,  havini[f  three  parts  of  sulphate  to  one  of  white  lead,  gets  the  name  of  Dutch  white. 
When  the  sulphate  of  barytes  is  very  white,  like  that  of  the  Tyrol,  these  mixtures  are 
reckoned  preferable  for  certain  kinds  of  paintinv,  as  the  barytes  oomronnieates  opacity  lo 
the  color,  and  protects  the  lead  from  being  speedily  darkened  by  sulphureons  amoke  or 
vapors. 

The  high  reputation  of  the  white  lead  of  Krems  was  by  no  means  dne  to  the  barytes, 
for  the  first  and  whitest  quality  was  mere  carbonate  of  lead.  The  freedom  from  silver  of 
the  lead  of  Villach,  a  very  rare  circumstance,  is  one  cause  of  the  superiority  of  its  car- 
bonate ;  as  well  as  the  skilful  and  laborious  manner  in  which  it  is  washed,  and  separated 
from  any  adhering  particle  of  metal  or  sulphnret. 

In  England,  lead  is  converted  into  carbonate  in  the  followine  way : — The  metal  is  cut 
into  the  form  of  a  net-work  grating,  in  moulds  about  fiAeen  inches  long,  and  four  or  five 
broad.  Several  rows  of  these  are  placed  over  cylindrical  glazed  earthen  pots,  abont  four 
or  five  inches  in  diameter,  containing  some  treacle-vinegar,  which  are  then  covered  with 
straw ;  above  these  pots  another  range  is  piled,  and  so  in  succession,  to  a  convenient 
height.  The  whole  are  Imbedded  in  spent  bark  from  the  tan-pit,  brought  into  a  fermeat- 
ing  state  by  being  mixed  with  some  bark  used  in  a  previous  process.  The  pots  are  left 
undisturbed  under  the  influence  of  a  fermenting  temperature  for  eight  or  nine  weeks.  la 
the  course  of  this  time  the  lead  gratings  become,  generally  speaking,  converted  through- 
out into  a  sol  id*  carbonate,  which  when  removed  is  levigated  in  a  proper  mill,  and  elutri- 
ated with  abundance  of  pure  water.  The  plan  of  inserting  coDs  of  sheet  lead  into  eartheo- 
ware  pipkins  containing  vinegar,  and  imbedding  the  pile  of  pipkins  in  fermenting  horse> 
dung  and  litter,  is  now  little  nsed  ;  because  the  coil  is  not  uniformly  acted  on  by  the  acid 
vapors,  and  the  sulphureted  hydrogen  evolved  from  the  dung  is  apt  to  darken  the  white 
lead. 

In  the  above  processes,  the  conversion  of  lead  into  carbonate  seems  to  be  effected  by 
keeping  the  metal  immersed  in  a  warm,  humid  atmosphere,  loaded  with  carbonic  and  acetic 
acids ;  and  hence  a  pure  vinegar  does  not  answer  well ;  but  one  which  is  susceptible,  by 
its  spontaneous  decomposition  in  these  circumstances,  of  yielding  carbonic  acki.  Sack 
are  tartar,  wine- lees,  molasses.  Ice. 

Another  process  has  lately  been  practised  to  a  considerable  extent  in  France,  though  it 
does  not  afford  a  white  lead  equal  in  body  and  opacity  to  the  products  of  the  preceding 
operations.  M.  Thenard  first  established  the  principle,  and  MM.  Brechoz  and  Leaeor 
contrived  the  arrangements  of  this  new  method,  which  was  subsequently  executed  on  a 
great  scale  by  MM.  Roard  and  Brechoz. 

A  subacetate  of  lead  is  formed  by  digesting  a  cold  solntion  of  un crystallized  acetate, 
over  litharge,  with  frequent  agitation.  It  is  said  that  65  pounds  of  purified  pyroligneoot 
acid,  of  specific  gravity  1*056,  require,  for  makin?  a  neutral  acetate,  58  pounds  of  litharge; 
and  hence,  to  form  the  subacetate,  three  times  that  quantity  of  base,  or  174  pound«,  most 
be  used.  The  compound  is  diluted  with  water  as  soon  as  it  is  formed,  and  bein?  decanted 
oflf  quite  limpid,  is  exposed  to  a  current  of  carbonic  acid  gas,  which,  uniting  with  the  two 
extra  proportions  of  oxyde  of  lead  in  the  subacetate,  precipitates  them  in  the  form  of  a 
white  carbonate,  while  the  liquid  becomes  a  faintly  acidulous  acetate.  The  carbonic  acid 
may  be  extricated  from  chalk,  or  other  compounds,  or  generated  by  combustion  of  char- 
coal, as  at  Clichy ;  but  in  the  latter  case,  it  must  be  transmitted  through  a  solution  of 
acetate  of  lead  before  bein?  admitted  into  the  subacetate,  to  deprive  it  of  any  particles  of 
sulphureted  hydrogen.  When  the  precipitation  of  the  carbonate  of  lead  is  completed,  and 
well  settled  down,  the  supernatant  acetate  is  decanted  oflT,  and  made  to  act  on  another 
dose  of  litharge.  The  deposite  bein?  first  rinsed  with  a  little  water,  this  washing  is  added 
to  the  acetate;  after  which  the  white  lead  is  thoroughly  elutriated.  This  repetition  of  the 
process  may  be  indefinitely  made ;  but  there  is  always  a  small  loss  of  acetate,  which  must 
be  repaired,  either  directly  or  by  adding  some  vinegar. 

In  order  to  obtain  the  finest  white  lead  by  the  process  with  earthen  pots  containing 
vinegar  buried  in  fermenting  tan,  and  covered  by  a  grating  of  lead,  the  metal  should 
be  so  thin  as  to  be  entirely  convertible  into  carbonate  ;  for  whenever  any  of  it  remains, 
it  is  apt  to  give  a  gray  tint  to  the  product ;  if  the  temperature  of  the  fermentin?  mast 
is  less  than  90°  Fahr.,  some  particles  of  the  metal  will  resist  the  action  of  the  vinegar, 
and  degrade  the  color;  and  if  it  exceeds  122°,  the  white  verges  into  yellow,  in  cob 
sequence  of  some  carbonaceous  compound  beinj?  developed  from  the  principles  of  the 
acetic  acid.    The  dung  and  tan  have  been  generally  supposed  to  act  in  this  process  b| 
BQpplying  carbonic   acid,  the  result  of  their  fermentation ;   but  it   is  now    said   that 
this  explanation  is  inexact,  because  the  best  white  lead  can  be  obtained  by  the  entire 
exclusion  of  air  from  the  pots  in  which  the  carbonization  of  the  metal  is  carried  on. 
We  are  thence  led  lo  conclude  that  the  lead  is  oxydized  at  the  expense  of  the  oxygen  of 
the  vinegar,  and  carbonated  by  the  agency  of  its  oxygen  and  carbon ;  the  hydrogen  of 
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die  aeid  being  left  to  associate  itself  with  the  remaiain?  oxygen  and  carbon,  so  as  to  con- 
•titate  an  ethereoos  comipoand:  thus,  supposio!^  the  three  atoms  of  oxygen  to  form,  with 
one  of  lead  and  one  of  carbon,  an  atom  of  carbonate,  then  the  remaining  three  atoms  of 
carbon  and  three  of  hydrogen  would  compose  olehant  gas. 

It  is  customary  on  the  continent  to  mould  the  white  lead  into  conical  loaves,  befbre 
■ending  them  into  the  market.  This  is  done  by  stuffing  well-drained  white  lead  into 
mnglazed  earthen  pots,  of  the  requisite  size  and  thape^  and  drying  it  to  a  solid  mass,  by 
exposing  these  pots  in  stove-rooms.  The  moulls  being  now  inverted  on  tables,  discharge 
their  contents,  which  then  receive  a  final  desiccation ;  and  are  afterwards  put  up  in  pale- 
blue  paper,  to  set  off  the  white  color  by  contrast.  Nothing  in  all  the  white4ead  process 
■i  soii^urious  as  this  pot  operation;  a  useless  step,  fortunately  unknown  in  Great  Britain. 
Neither  greasing  the  skin,  nor  wearing  thick  gloves,  can  protect  the  operators  from  the 
diseases  induced  by  the  poisonous  action  of  the  white  lead ;  and  hence  they  must  be  soon 
tent  off  to  some  other  department  of  the  work. 

It  has  been  suppased  that  the  differences  observed  between  the  ceruse  of  Clichy  and 
the  common  kinds,  depend  on  the  greater  compactness  of  the  particles  of  the  latter,  pro- 
daced  by  their  slower  aggregation ;  as  also,  according  to  M.  Robiquet,  on  the  former 
containing  considerably  less  carbonic  acid.    See  in/rii, 

Mr.  Ham  proposed,  in  a  patent  dated  June,  1826,  to  produce  white  lead  with  the  aid  of 
the  following  apparatus,  a,  a  (fig,  1201)  are  the  side-walls  of  a  stove-room,  constructed  of 

bricks ;  6,  is  the  floor  of  bricks  laid  in  Roman 
cement;  c,  c,  are  the  side-plates,  between 
which  and  the  walls,  a  quantity  of  refuse 
tanner's  bark,  or  other  suitable  vegetable 
matter,  is  to  be  introduced.  The  same  ma- 
terial is  to  be  put  also  into  the  lower  part 
at  d  (upon  a  false  bottom  of  grating  ?)  The 
tan  should  rise  to  a  considerable  height, 
and  have  a  series  of  strips  of  sheet  lead  e,  €,  e, 
placed  upon  it,  which  are  kept  apart  by 
blocks  or  some  other  convenient  means, 
with  a  space  open  at  one  end  of  the  plates, 
for  the  passage  of  the  vapors;  but  above 
the  upper  plates,  boards  are  placed,  and 
covered  with  tan,  to  confine  them  there.    In 
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the  lower  part  of  the  chamber,  coils  of  steam-pipe/,/,  are  laid  in  difierent  directions  to 
distribute  heat ;  g,  is  a  funnel-pipe,  to  conduct  vinegar  into  the  lower  part  of  the  vessel; 
and  h,  is  a  cock  to  draw  it  off,  when  the  operation  is  suspended.  The  acid  vapors  raised 
by  the  heat,  pass  up  through  the  spent  bark,  and  on  coming  into  contact  with  the  sheets 
of  lead,  corrode  them.  The  quantity  of  acid  liquor  should  not  be  in  excess ;  a  point  to 
be  ascertained  by  means  of  the  small  tube  t,  at  tgp,  which  is  intended  fur  testing  it  by  the 
tongue,  k,  is  a  tube  for  inserting  a  thermometer,  to  watch  the  temperature,  which  should 
not  exceed  170^  Fahr.  I  am  not  aware  of  what  success  has  attended  this  patented  ar- 
rangement.    The  heat  prescribed  is  far  too  great. 

A  magnificent  factory  has  been  recently  erected  at  West  Bromwich,  near  Birming- 
ham, to  work  a  patent  lately  granted  to  Messrs.  Gossage  and  Benson,  for  making  white 
lead  by  mixing  a  small  quantity  of  acetate  of  lead  in  solution  with  slightly  damped 
litharge,  contained  in  a  long  stone  trough,  and  passing  over  the  surface  of  the  trough 
currents  of  hot  carbonic  acid,  while  its  contents  are  powerfully  stirred  up  by  a  tra^ 
▼elling-wheel  mechanism.  The  product  is  afterwards  ground  and  elutriated,  as  usual. 
The  carbonic  acid  gas  is  produced  from  the  combustion  of  coke.  I  am  told  that 
40  tons  of  excellent  white  lead  are  made  weekly  by  these  chemico-mechanlcal  opem> 
tions. 

Messrs.  Button  and  Dyer  obtained  a  patent  about  a  year  and  a  half  ago,  for  making 
white  lead  by  transmitting  a  current  of  purified  carbonic  acid  gas,  from  the  combustion 
of  coke,  through  a  mixture  of  litharge  and  nitrate  of  lead,  difiused  and  dissolved  in 
water,  which  is  kept  in  constant  agitation  and  ebullition  by  steam  introduced  through  a 
perforated  coil  of  pipes  at  the  bottom  of  the  tub.  The  carbonate  of  lead  is  formed  here 
upon  the  principle  of  Thenard's  old  process  with  the  subacetate ;  for  the  nitrate  of  lead 
forms  with  the  litharge  a  subnitrate,  which  is  forthwith  transformed  into  carbonate  and 
neutral  nitrate,  by  the  agency  of  the  carbonic  acid  gas.  I  have  discovered  that  all  sorts 
of  white  lead  produced  by  precipitation  from  a  liquid,  are  in  a  semi-crystalline  condition  i 
they  appear,  therefore,  semi-transparent,  when  viewed  in  the  microscope ;  and  do  not  cover 
so  well  as  white  lead  made  by  the  process  of  vinegar  and  tan,  in  which  the  lead  has  remain* 
ed  always  solid  during  its  transition  from  the  blue  to  the  white  state ;  and  hence  consists 
ef  opaque  particles. 

A  patent  was  obtained,  in  December,  1833,  by  John  fiaptiste  Constantine  Tornisi, 
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mnd  others,  for  making  white  lead  by  agitating  the  granalated  metal,  or  shot,  in  tnyi 
or  barrels,  along  with  water,  and  exposing  the  mixture  of  lead-dust  and  water  to  the 
air,  to  be  oxydized  and  carbonated.    It  is  said  that  upwards  of  100,000/.  have  been 
expended  at  Chelsea,  by  a  joint  stock  company,  in  a  factory  constructed  for  execilisf 
the  preceding  most  operose  and  defective  process ;  which  has  been,  many  yeais  ago^ 
tried  without  success  in  Grermany.    I  am  convinced  that  the  whole  of  these  recent  pro* 
jects  for  preparing  white  lead,  are  inferior  in  economy,  and  quality  of  produce,  to  the 
old  Dutch  process,  which  may  be  so  arranged  as  to  convert  ^eets  of  blue  M 
thoroughly  into  the  best  white  lead,  within  the  space  of  12  days,  at  less  expense  of  labor 
than  by  any  other  plan. 

White  lead,  as  obtained  by  precipitation  from  the  acetate,  subacetate,  and  sabnitntfe, 
is  a  true  carbonate  of  the  metal,  consisting  of  one  prime  equivalent  of  lead  104,  one  of 
oxygen  8,  and  one  of  carbonic  acid  22 ;  whose  sum  is  134,  the  atomic  weight  of  the 
compound;  or,  of  lead,  77*6 ;  oxygen,  6 ;  carbonic  acid,  16*4;  in  100  parts.  It  hts 
been  8U|>posed,  by  some  authors,  that  the  denser  and  better-covering  white  lead  of  Krems 
and  Holland  is  a  kind  of  subcarbonate,  containing  only  9  per  cent,  of  carbonic  add;  bat 
this  view  of  the  subject  does  not  accord  with  my  researches. 

Wick  {Mlchty  Fr. ;  Doc^,  Germ.),  is  the  spongy  cord,  usually  made  of  soft  spu 
cotton  threads,  which  by  capillary  action  draws  up  the  oil  in  lamps,  or  the  melted  taUov 
or  wax  in  candles,  in  small  successive  portions,  to  be  burned.  In  common  wax  aii 
tallow  candles,  the  wick  is  formed  of  parallel  threads ;  in  the  stearine  candles,  the  wick 
is  plaited  upon  the  braiding  machine,  moistened  with  a  very  dilute  sulphuric  acid,  aii 
dried,  whereby,  as  it  burns,  it  falls  to  one  side  and  consumes  without  requiring  to  be 
snuffed ;  in  the  patent  candles  of  Mr.  Palmer,  one  tenth  of  the  wick  is  first  irobuoi  witb 
subnitraie  of  bismuth  ground  up  with  oil,  the  whole  is  then  bound  round  in  the  maaier 
called  gimping ;  and  of  this  wick,  twice  the  length  of  the  intended  candle  is  twiited 
double  round  a  rod,  like  the  caduceiu  of  Mercury,  This  rod  with  its  coil  being  inserted 
in  the  axis  of  the  candle  mould,  is  to  be  enclosed  by  pouring  in  the  melted  tallow ;  aid 
when  the  t  illow  is  set,  the  rod  is  to  be  drawn  out  at  top,  leaving  the  wick  in  the  candle. 
As  this  candle  is  burned,  the  ends  of  the  double  wick  stand  out  sideways  beyond  the 
flame ;  and  the  bismuth  attached  to  the  cotton  being  acte^  upon  by  the  oxygen  of  the  tl- 
mosphere,  causes  the  wick  to  be  completely  consumed,  and,  therefore,  saves  the  trooble 
of  snuffing  it. 

WINCING-MACHINE,  is  the  English  name  of  the  dyer's  reel,  which  he  svspesds 
horizontally,  by  the  ends  of  its  iron  axis  in  bearings,  over, the  edge  of  his  vat,  so  that  tbe 
line  of  the  axis,  being  placed  over  the  middle  partition  in  the  copper,  will  permit  the  piece 
of  cloth  which  is  wound  upon  the  reel  to  descend  alternately  into  either  compartment  of 
the  bath,  according  as  it  is  turned  by  hand  to  the  right  or  the  left.  For  an  excellent  self 
acting  or  mechanical  wince,  see  Dyeing. 

WIN^E,  is  the  fermented  juice  of  the  grape.  In  the  more  southern  states  of  Europe, 
the  grapes,  being  more  saccharine,  afl(yd  a  more  abundant  production  of  alcohol,  tod 
stronger  wines,  as  exemplified  in  the  best  port,  sherry,  and  madeira.  The  infloeKe 
of  solar  heat  upon  the  vines  may,  however,  be  mitigated  by  growing  them  to  modente 
heights  on  level  ground,  and  by  training  them  in  festoons  under  the  shelter  of  trees. 
In  the  more  temperate  climates,  such  as  the  district  of  Burgundy,  the  finer  flavored 
wines  are  produced ;  and  there  the  vines  are  usually  grown  upon  hilly  slopes  f^ol^ 
in?  the  south,  with  more  or  less  of  an  easterly  or  westerly  direction,  as  on  the  Cote 
d'Or,  at  a  distance  from  marshes,  forests,  and  rivers,  whose  vapors  might  deteriortte 
the  air.  The  plains  of.  this  district,  even  when  possessing  a  similar  or  analogotf 
soil,  do  not  produce  wines  of  so  agreeable  a  flavor.  The  influence  of  temperature  b6 
comes  very  manifest  in  countries  further  north,  where,  in  consequence  of  a  few  df« 
grees  of  thermometric  depression,  the  production  of  generous  agreeable  wine  beeooiei 
impossible. 

The  land  most  favorable  to  the  vine  is  lisht,  easily  permeable  to  water,  bat  sodw* 
what  retentive  by  its  composition ;  with  a  sandy  subsoil,  to  allow  the  excess  of  moisture 
to  drain  readily  off.  Calcareous  soils  produce  the  highly  esteemed  wines  of  the  Coir 
d'Or ;  a  granite  debris  forms  the  foundations  of  the  lands  where  the  Hermitage  wiifs 
are  grown  ;  silicious  soil  interspersed  with  flints  furnishes  the  celebrated  wines  of 
Chfllteau-Neuf,  Ferte,  and  La  Gaude ;  schistose  districts  afford  also  good  wine,  as  tint 
called  la  McUgiie,  Thus  we  see  that  lands  differing  in  chemical  eompositk>o,  bet 
possesseJ  of  the  proper  physical  qualities,  may  produce  most  agreeable  wines;  andv 
also  may  lands  of  like  chemical  and  physical  constitution  produce  yanous  kinds  d 
wine,  according  to  their  varied  exposure.  As  a  striking  example  of  these  effects,  ve 
may  adduce  the  slopes  of  the  hills  which  grow  the  wines  of  Montrachet.  Tbe  insalttfd 
part  towards  the  top  furnishes  the  wine  called  ChevalUr  Montradui^  which  is  lea 
esteemed,  and  sells  at  a  much  lower  price,  than  the  delicious  wine  grown  on  the  wSJUk 
height,  called  trtu  Montradut.    Beneath  this  district,  and  in  tbe  ramnnding  pbHH» 
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the  Tines  aflTord  a  far  inrerior  article,  called  bastard  Moniraehet.  The  opposite  side  of 
the  hills  produces  very  indi/Terent  wine.  Similar  differences,  in  a  ^eater  or  less  degree, 
•re  observable  relatively  to  the  districts  which  grow  the  Pooiard,  Yolnay,  Beaune,  Nuits, 
Vougeot,  Chambertin,  Romanee,  &c.  Everywhere  it  is  found,  that  the  reverse  side  of 
the  hill,  the  summit,  and  the  plain,  although  generally  consisting  of  like  soil,  afford  infe- 
rior wine  to  the  middle  southern  slopes. 

Amelioration  of  the  soil. — When  the  vine  lands  are  too  light  or  too  dense,  they  may 
be  modified,  within  certain  limits,  by  introducing  into  them  either  argillaceous  or  sili- 
eious  matter.  Marl  is  excellent  for  almost  all  grounds  which  are  not  previously  too 
calcareous,  being  alike  useful  to  open  dense  soils,  and  to  render  porous  ones  more  reten- 
tive. 

Manure. — For  the  vine,  as  well  as  all  cultivated  plants,  a  manure  supplying  azotized 
or  animal  nutriment  may  be  used  with  great  advantage,  provided  care  be  taken  to 
ripen  it  by  previous  fermentation,  so  that  it  may  not,  by  absorption  in  too  crude  a 
state,  impart  any  disagreeable  odor  to  the  grape;  as  sometimes  happens  to  the  vines 
grown  in  the  vicinity  of  great  towns,  like  Paris,  and  near  Argenteuil.  There  is  a  com- 
post used  in  France,  called  animalized  blacky  of  which  from  one  fifth  to  one  half  of  a  litre 
(old  Erigiish  quart)  serves  sufficiently  to  fertilize  the  root  of  one  vine,  when  applied  every 
jear,  of  two  years.  An  excess  of  manure,  in  rainy  seasons  especially,  has  the  effect  of 
rendering  the  grapes  large  and  insipid. 

The  ground  is  tilled  at  the  same  time  as  the  manure  is  applied,  towards  the  month  of 
March  ;  the  plants  are  then  dressed,  and  the  props  are  inserted.  The  weakness  of  the 
plants  renders  this  practice  useful;  but  in  some  southern  districts,  the  stem  of  the  vine, 
when  supported  at  a  proper  height,  acquires  aAer  a  while  sufllcient  size  and  strength  to 
stand  alone.  The  ends  of  the  props  or  poles  are  either  dipped  in  tar,  or  charred,  to  pre- 
vent their  rotting.  The  bottom  of  the  stem  must  be  covered  over  with  soil,  after  the 
spring  rains  have  washed  it  down.  The  principal  husbandry  of  the  vineyard  consists  in 
digging  or  ploughing  to  destroy  the  weeds,  and  to  expose  the  soil  to  the  influence  of  the 
air,  during  the  months  of  May,  June,  and  occasionally  in  August. 

The  vintage,  in  the  temperate  provinces,  generally  takes  place  about  the  end  of 
September ;  and  it  is  always  deteriorated  whenever  the  fruit  is  not  ripe  enough  before 
the  15th  or  20lh  of  October;  for,  in  this  case,  not  only  is  the  must  more  acid,  and  less 
saccharine,  but  the  atmospherical  temperature  is  apt  to  fall  so  low  during  the  nights,  as 
to  obstruct  more  or  less  its  fermentation  into  wine.  The  grapes  should  be  plucked  in 
dry  weather,  at  the  interval  of  a  few  days  aAer  they  are  ripe;  being  nsually 
gathered  in  baskets,  and  transported  to  the  vats  in  dorsels,  sufficiently  tisrht  to  prevent 
the  juice  from  running  out.  Whenever  a  layer  about  14  or  15  inches  thick  has  been 
spread  on  the  bottom  of  the  vat,  the  treading  operation  begins,  which  is  usually 
repeated  aAer  macerating  the  grapes  for  some  time,  when  an  incipient  fermentation 
has  soAened  the  texture  of  the  skin  and  the  interior  cells.  When  the  whole  bruised 
grapes  are  collected  in  the  vat,  the  juice,  b]#means  of  a  slight  fermentation,  reacts, 
through  the  acidity  thus  generated,  upon  the  coloring  matter  of  the  husks,  and  also 
upon  the  tannin  contained  in  the  stones  and  the  fruit-stalks.  The  process  of  ferment*- 
tion  is  suffered  to  proceed  without  any  other  precaution,  except  forcing  down  from  time 
to  time  the  pellicles  and  pedicles  floated  up  by  the  carbonic  acid  to  the  top ;  but  it  would 
be  less  apt  to  become  acetous,  were  the  mouths  of  the  vats  covered.  With  this  view, 
M.  Sebille  Auger  introduced  with  success  his  elastic  bung  in  the  manufacture  of  wine  in 
the  department  of  the  Maine-et-Loire. 

With  whatever  kind  of  apparatus  the  fermentation  may  have  been  regulated,  as  soon 
as  it  cease}  to  be  tumultuous,  and  the  wine  is  not  sensibly  saccharine  or  muddy,  it  must 
be  racked  off  from  the  lees,  by  means  of  a  spigot,  and  run  into  the  ripening  tuns.  The 
marc  being  then  gently  squeezed  in  a  press,  affords  a  tolerably  clear  wine,  which  is  dis- 
tributed among  the  tuns  in  equal  proportions ;  but  the  liquor  obtained  by  stronger  pres* 
lure  is  reserved  for  the  casks  of  inferior  wine. 

In  the  south  of  France  the  fermentation  sometimes  proceeds  too  slowly,  on  account  of 
the  must  being  too  saccharine;  an  accident  which  is  best  counteracted  by  maintaining 
a  temperature  of  about  63^  or  68'  F.,  in  the  tun-room.  When  the  must,  on  the  other 
hand,  i<  too  thin,  and  deficient  in  sugar,  it  must  be  partially  concentrated  by  rapid  boil- 
ing, before  the  whole  can  be  made  to  ferment  into  a  good  wine.  By  boiling  up  a  part  of 
the  must  for  this  pur|)ose,  the  excess  of  ferment  is  at  the  same  time  destroyed.  Should 
this  concentration  be  inconvenient,  a  certain  proportion  of  sugar  must  be  introduced,  im- 
mediately after  racking  it  off. 

The  specific  gravity  of  must  varies  with  the  richness  and  ripeness  of  the  grapes  which 
afford  it;  being  in  some  cases  so  low  as  10627,  and  in  others  so  high  as  1*1283.  This 
happens  particularly  in  the  south  of  France.  In  the  district  of  the  Nccker  in  Germany, 
the  specific  gravity  varies  from  1*050  to  1*090 ;  in  Heidelberg,  from  1*039,  to  1*091  $  hot 
it  varies  much  in  different  years. 
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After  the  fermentation  is  complete,  the  Tinoos  part  eontiBts  of  wmter,  aleohol,  t 
eoloring-roatter,  a  peculiar  aromatic  principle,  a  little  ondeoompowd  sugar,  Vitartrate  ul 
malate  of  potash,  tartrate  of  lime,  mariate  of  soda,  and  tannin ;  the  latter  snbttaneet  be* 
ing  in  small  proportions. 

It  is  known  that  a  few  green  grapes  are  capable  of  spoiling  a  whole  casik  of  wine,  ail 
therefore  I  hey  are  always  allowed  to  become  completely  ripe,  and  eren  sometiiiMits 
undergo  a  species  of  slight  fermentation,  before  being  plucked,  which  c<UDpIetes  tk 
development  of  the  saccharine  principle.  At  other  times  the  grapes  are  gathered  who* 
ever  they  are  ripe,  but  are  left  for  a  few  days  on  wicker-floors,  to  sweeten,  before 
pressed. 

In  general  the  whole  vintage  of  the  day  is  pressed  in  the  evening,  and  the  re 
must  is  received  in  separate  vats.  At  the  end  usually  of  6  or  8  hours,  if  the  tempcn^ 
ture  be  above  50°  F.,  and  if  the  grapes  have  not  been  too  cold  when  plucked  a  fnHk 
or  scum  is  formed  at  the  surface,  which  rapidly  increases  in  thickness.  AAer  it 
acquires  such  a  consistence  as  to  crack  in  several  places,  it  is  taken  off  with  a  skimmo^ 
and  drained ;  and  the  thin  liquor  is  returned  to  the  vat.  A  few  hours  afterwaidi 
another  coat  of  froth  is  formed,  which  is  removed  in  like  manner,  and  sometimes  t 
third  may  be  produced.  The  regular  vinous  fermentation  now  begins,  eharacterizd 
by  air-bubbles  rising  up  the  sides  of  the  staves,  with  a  peculiar  whizzini^  as  they  breik 
at  the  surface.  At  this  period  all  the  remaining  froth  should  be  quickly  skimmed  ttt, 
and  the  clear  subjacent  must  be  transferred  into  barrels,  where  it  is  left  to  ripen  byt 
regular  fermentation. 

The  while  wines,  which  might  be  disposed  to  become  stringy,  from  a  deficient  soppfy 
of  tannin,  may  be  preserved  from  this  malady  by  a  due  addition  of  the  (botstmlks  of  ripe 
grapes.  The  tannin,  while  it  tends  to  preserve  the  wines,  renders  them  also  moie  euf 
to  clarify,  by  the  addition  of  white  of  egsr,  or  ising-glass. 

The  white  wines  should  be  racked  oH'  as  soon  as  the  first  frosts  have  made  them  clear, 
and  at  the  latest  by  the  end  of  the  February  moon.  By  thus  separating  the  wine  froB 
rhelees,  we  avoid,  or  render  of  little  consequence,  the  fermentation  which  takes  place  oa 
the  return  of  spring,  and  which,  if  too  brisk,  would  destroy  all  its  sweetness,  by  decoa- 
posing  the  remaining  portion  of  sugar. 

The  characteristic  odor  possessed  by  all  wines,  in  a  greater  or  less  degree,  is  pis* 
duced  by  a  peculiar  substance,  which  possesses  the  characters  of  an  essential  oil.  Af  it 
is  not  volatile,  it  cannot  be  confounded  with  the  aroma  of  wine.  When  large  qina- 
tities  of  wine  are  distilled,  an  oily  substance  is  obtained  towards  the  end  of  the  oper- 
ation. This  may  also  be  procured  from  the  wine  lees  which  are  deposited  in  the 
casks  aAer  the  fermentation  has  commenced.  It  forms  one  forty  thousandth  part  of  the 
wine ;  and  consists  of  a  peculiar  new  acid,  and  ether,  each  of  which  has  been  called  the 
tgnanthic.  The  acid  is  analogous  to  the  fatty  acids,  and  the  ether  is  liquid,  but  insoloUe 
in  water.  The  acid  is  perfectly  white  when  pure,  of  the  consistence  of  butter  at  6(f, 
melts  with  a  moderate  heat,  reddens  litm#;,  and  dissolves  in  caustic  and  carbonated  alka> 
lis,  as  well  as  in  alcohol  and  ether.  (Knanthic  ether  is  colorless,  has  an  extremely  stnnf 
smell  of  wine,  which  is  almost  intoxicating  when  inhaled,  and  a  powerful  disagreeable 
taste.     Liebig  and  Pelouze. 

Sparkling  wines, — In  the  manufacture  of  these,  black  grapes  of  the  first  quality  are 
usually  employed,  especially  those  gathered  upon  the  vine  called  by  the  French  noirm, 
enltivated  on  the  best  exposures.  As  it  is  important,  however,  to  prevent  the  coloring- 
matter  of  the  skin  from  entering  into  the  wine,  the  juice  should  be  squeezed  as  gently  and 
rapidly  as  possible.  The  liquor  obtained  by  a  second  and  third  pressing  is  reserved  for 
inferior  wines,  on  account  of  the  reddish  tint  which  it  acquires.  The  marc  is  then  mixed 
with  the  grapes  of  the  red-wine  vats. 

The  above  nearly  colorless  must  is  immediately  poured  into  tuns  or  casks,  till  aboot 
three  fourths  of  their  capacity  are  filled,  when  fermentation  soon  begins.  This  is  allowed 
to  continue  under  the  control  of  the  clastic  bung,  above  mentioned,  for  about  15  days, 
and  then  three  fourths  of  the  casks  are  filled  up  with  wine  from  the  rest.  The  casks  are 
now  closed  by  a  bung  secured  with  a  piece  of  hoop  iron  nailed  to  two  contiguous  staves. 
The  casks  should  be  made  of  new  wood,  but  not  of  oak — though  old  white  wine  casks 
are  occasionally  used. 

In  the  month  of  January  the  clear  wine  is  racked  off,,  and  is  fined  by  a  small  quaa- 
ttty  of  ising-glass  dissolved  in  old  wine  of  the  same  kind.  Forty  days  aAerwards  a 
second  fining  is  required.  Sometimes  a  third  may  be  useful,  if  the  lees  be  considerable. 
In  the  month  of  May  the  clear  wine  is  drawn  off  into  bottles,  taking  care  to  add  to 
each  of  them  a  small  measure  of  what  is  called  liquor,  which  is  merely  about  3  per  cent, 
of  a  sirup  made  by  dissolving  sugar-candy  in  white  wine.  The  bottles  being  filled, 
and  their  corks  secured  by  packthread  and  wire,  they  are  laid  on  their  sides,  in  this 
Boath,  with  their  months  sloping  downwards  at  an  angle  of  about  twenty  degrees,  ia 
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order  that  any  sedimmt  may  fall  into  the  neck.  At  the  end  of  8  or  10  day^  the  inclina- 
tion of  the  bottles  is  increased,  when  they  are  slightly  tapped,  and  placed  in  a  vertical 
position ;  so  that  after  the  lees  are  all  collected  in  the  neck,  the  cork  is  partially  removed 
Toot  an  instant,  to  allow  the  sediment  to  be  expelled  by  the  pressure  of  the  gas.  If  the 
wine  be  still  muddy  in  the  bottles,  along  with  a  new  dose  of  liquor,  a  small  quantity  of 
fining  should  be  added  to  each,  and  the  bottles  should  be  placed  again  in  the  inverted 
position.  At  the  end  of  2  or  3  months,  the  sediment  collected  over  the  cork  is  dexte- 
rously discharged ;  and  if  the  wine  be  still  deficient  in  transparency,  the  same  process  of 
fining  must  be  repeated. 

Sparkling  wine  (vm  mous»eux),  prepared  as  above  described,  is  fit  for  drinking  usnally 
mt  the  end  of  from  18  to  30  months,  according  to  the  state  of  the  seasons.  It  is  in 
Champagne  that  the  lis^htest,  most  transparent,  and  most  highly  flavored  wines  have 
been  hitherto  made.  The  breakage  of  the  bottles  in  these  sparkling  wines  amounts 
Irequently  to  thirty  per  cent.,  a  circumstance  which  adds  greatly  to  their  cost  of  pro- 
daction. 

Weak  wines  of  bad  growths  ought  to  be  consumed  within  12  or  15  months  aAer  being 
manufactured;  and  should  be  kept  meanwhile  in  cool  cellars.  White  wines  of  middling 
strength  ought  to  be  kept  in  casks  constantly  full,  and  carefully  excluded  from  contact 
of  air,  and  the  racking  off  should  be  done  as  quickly  as  possible.  As  the  most  of  them 
are  injured  by  too  much  fermentation,  this  process  should  be  so  regulated  as  always  to 
leave  a  little  sugar  undecomposed.  It  is  useful  to  counteract  the  al»orption  of  oxygen, 
and  the  consequent  tendency  to  acidity,  by  burn  ins?  a  sulphur  match  in  the  casks  into 
which  they  are  about  to  be  run.  This  is  done  by  hookins  the  match  to  a  bent  wire,  kindling 
and  suspending  it  within  the  cask  through  the  bung-hole.  Immediately  on  withdrawing 
tlie  match,  the  cask  should  be  corked,  if  the  wine  be  not  ready  for  transfer.  If 
the  burning  sulphur  be  extinKuished  on  plunging  it  into  the  cask,  it  is  a  proof  of  the 
cask  being  unsound,  and  unfit  for  receiving  the  wine ;  in  which  case  it  should  be  well 
cleansed,  first  with  lime-water,  then  with  very  dilute  sulphuric  acid,  and  lastly  with  boil- 
ing water. 

Wine-cellars  ought  to  be  dry  at  bottom,  floored  with  flags,  have  windows  opening  to  the 
north,  be  so  much  sunk  below  the  level  of  the  adjoining  ground  as  to  possess  a  nearly 
uniform  temperature  in  summer  and  winter;  and  be  at  such  a  distance  from  a  frequented 
kighway  or  street  as  not  to  suffer  vibration  from  the  motion  of  carriages. 

Wines  should  be  racked  off  in  cool  weather;  the  end  of  February  being  the  fittest  time 
for  light  wines.  Strong  wines  are  not  racked  off  till  they  have  stood  a  year  or  eighteen 
months  upon  the  Ices,  to  promote  their  slow  or  insensible  fermentation.  A  syphon  well 
managed  serves  better  than  a  faucet  to  draw  off  wine  clear  from  the  sediment.  White 
wines,  before  being  bottled,  should  be  fined  with  ising-glass ;  red  wines  are  usually  fined 
with  whites  of  eggs  beat  up  into  a  froth,  and  mixed  with  two  or  three  times  their  bulk  of 
water.  But  some  strong  wines,  which  are  a  little  harsh  from  excess  of  tannin,  are  fined 
with  a  little  sheep  or  bullock's  blood.  Occasion^ly  a  small  quantity  of  sweet  glue  is  used 
for  this  purpose. 

The  foUouciiifr  maladies  of  urtne*,  are  certain  accidental  deteriorations,  to  which  remedies 
should  be  speedily  applied. 

La-pouH^e  (pushing  out  of  the  cask),  is  the  name  given  to  a  violent  fermentative  move- 
ment, which  occasionally  supervenes  after  the  wine  has  been  run  off  into  the  casks.  If 
these  have  been  tightly  closed,  the  interior  pressure  may  increase  to  such  a  degree 
as  to  burst  the  hoops,  or  cause  the  seams  of  the  staves  or  ends  to  open.  The  elastic 
bongs  already  described  will  prevent  the  bursting  of  the  casks;  but  something  must  be 
done  to  repress  the  fermentation,  lest  it  should  destroy  the  whole  of  the  sugar,  and  make 
the  wine  unpalatably  harsh.  One  remedy  is,  to  transfer  the  wine  into  a  cask  previously 
fumigated  with  burning  sulphur ;  another  is,  to  add  to  it  about  one  thousandth  part  of 
sulphite  of  lime;  and  a  third,  and  perhaps  the  safest,  is  to  introduce  half  a  pound  of  mus- 
tard-seed into  each  barrel.  At  any  rate,  the  wines  should  be  fined  whenever  the  move- 
ments are  allayed,  to  remove  the  floating  ferment  which  has  been  the  cause  of  the  mis- 
chief. 

Turning  sour, — ^The  production  of  too  much  acid  in  a  wine,  is  a  proof  of  its  eontainiog 
originally  too  little  alcohol,  of  its  being  exposed  too  largely  to  the  air,  or  to  vibrations, 
or  to  too  high  a  temperature  in  the  cellar.  The  best  thing  to  be  done  in  this  case  is,  to 
mix  it  with  its  bulk  of  a  stronger  wine  in  a  less  advanced  state,  to  fine  the  mixtnre,  to 
k>ttle  it,  and  to  consume  it  as  soon  as  possible,  for  it  will  never  prove  a  good  keeping 
wine.  This  distemper  in  wines  formerly  gave  rise  to  the  very  dangerous  practice  of  add- 
ing litharge  as  a  sweetener;  wherebya  quantity  of  acetate  or  sugar  of  lead  was  formed 
In  tbe  liquor,  productive  of  the  most  deleterious  consequences  to  those  who  drank 
of  it.  In  France,  the  regulations  of  police,  and  the  enlightened  surveillance  of  the 
oooaoil  of  salubrity,  have  completely  pat  down  this  gross  abuse.    The  saturation  of  the 
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Mid  by  lime  >i»<l  other  ■Ikiline  iiur*  hit  genoallr  a  prqndidal  cdeet,  mad  iniom  ■ 
or  Icsa  tbe  vinous  flaror  aod  lailr. 

floptixn or rucidiJy  0/ in>u. — The  naie  arthnphenomenan,  whieli  rendenviHn 
for  drinking,  wu  ■lloKetherDDknown,  till  M.  Fno^i,  an  •pMbecary  arNaDl«,dcBn- 
•tnt«d  that  it  was  owinr  lo  an  aioliicd  mailer,  analofnnl  U  gHadimt  (glum) ;  ui  s 
fact  it  i(  tbe  vhile  winea,  eipeciallT  those  which  csniain  the  Inut  laanin,  which  an  iik- 
ject  to  this  malad)-.  He  also  |tointfl]  out  the  proper  matdj,  in  the  addition  of  ta 
nnder  a  ralher  ■grrrable  Torm,  nainelv,  the  bruised  berriM  of  the  mmintsin-ash  (mtM), 
in  a  HimewhKl  unripe  ftale ;  of  wbich  one  pound,  well  stirred  in,  is  anfficicnt  for  a  kurd. 
Aner  agitation,  the  wine  i>  to  be  led  in  repofe  for  a  day  or  iwo,  and  then  racked  ^ 
The  tannin  by  this  lime  will  have  separalrd  the  aiotized  mailer  IroDi  the  liquor,  aiJ  r^ 
moTed  Ihe  ropinets.     The  vine  is  to  be  fined  and  botlltd  od".- 

Tht  laili  of  tht  caA,  which  toinelimFS  happens  lo  wiar  pal  inio  csaka  whidi  hid  re- 
mained ionf  nnply,  is  besl  remedied  by  aiilalin;  Ihe  wine  Tor  aome  time  with  a  ipowU 
of  olive  oil.  An  e«Fen(ial  oil,  Ihe  chier  cause  of  Ihe  bad  laste,  combinei  with  tka  lid 
oil,  and  riies  with  ji  lo  the  suifsce. 

Accordini  to  a  ttatemrni  in  Ihe  DicUmaairt  rtchufogifa*,  Ihe  annual  prodnce  rf  > 
hectare  of  vineyani,  npoo  the  average  of  1 13  year»,  in  the  dislriel  of  Tolaay,  is  ITT! 
litres,  which  fetch  0-877  franc*  each,  or  200  franca  the  piece  of  228  lilrev,  amcnintiat  k 
•11  lo  iAT2  francs.  Deducting  for  expensea  and  laics  lamlribmtiouti  &72  frmncs,  thai 
remain  t,iOO  francs  of  net  prorcedi;  nnd  an  the  value  of  Ihe  capital  may  be  csUoiattdM 
S3,00U  fritncs,  the  profit  tarns  out  lo  be  no  more  than  5  per  cenL  The  net  prDeeeb  ii 
the  firowlhs  of  Beaune,  Nuils,  &,c.,  does  not  exceed  600  francs  per  heclmre  (2-i  acta), 
and  thrrprore  is  equiTaUnl  tu  only  2)  per  cent,  upon  Ihe  capital. 

Tbe  qnantily  of  alcohol  eoniainn)  in  different  wines,  has  been  made  tbe  aol^ecl  of  ria- 
boiale  experiment*  by  Brande  and  Fonlenelle  ;  bat  as  it  mnsl  evidenlly  TBry  wilt  difa- 
aat  trasona,  the  reaulls  can  be  received  merely  as  approximatire.  The  only  appanOl 
required  for  this  research,  is  a  atnall  alllland  refrigeratory,  so  well  fitted  npas  to  perail 
aoneof  Ihe  ipiriluoos  vapora  to  be  di«EipatciI.  The  distilled  liquor  shonld  be  rvceind> 
•  Slasi  tube,  graduated  into  one  hundred  measures,  of  sach  capacity  aa  to  eontaia  Ik 
whole  of  the  olcohol  which  Ihe  given  measure  of  wine  employed  ia  capable  of  yiddin. 
Ib  the  saceesaive  experimenia,  Ihe  quantity  of  wine  used,  and  of  spirit  diatiHed  over,  k- 
ing  the  some  in  volume,  Ihe  relative  densities  of  Ihe  latter  will  show  at  once  Ihe  lefaliR 
Ureniths  of  the  wines.  A  very  neat  small  apparatus  has  been  contrived  (br  the  parpott 
of  analyiiiiK  winea  in  this  manner,  by  M.  Gay  Lussac.  It  is  constractei),  and  sold  il  a 
HMderate  price,  by  M.  Collarcteaa,  No.  Sl>,  Rue  Faubonrg  SI.  Martin,  Paria.  The  pea- 
portion  Given  by  Brande  (Table  I.},  has  been  reduced  to  the  standard  of  absolate  akokd 
by  Fesser  j  and  that  by  Fonlenelle  (Table  110,  to  Ihe  same  standard  by  Scbabarthi  ai 
in  the  fullowing  tables : — 
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Tablk  n. 

1 

NsBM  of  the  Wine. 

Abeolate 
aloohol. 

Name  of  the  Wine. 

Absolute 
alcohoL 

Name  of  the  Wine. 

Absolute 
aloohol. 

Rmugillem  {Boitern 

Pyrenees.) 
BiT*-eeltee  18719.  old 
BaayulU     18       " 
ColljooTre  15       " 
SiJces         10       ** 

Department  of  the 

Fltoa  end  Leo  - 

eet6  10  yn.  old 
Lapdme      10       *' 

9-156 
9-323 
9060 
8-580 

8-568 
8-790 

Sijeaa           8  jn.  old 
Nwrbonne      8       '* 
Letignan    10       " 
MirepeiwetlO       " 
Carciisonne  8       " 

Deportwunt  of  VHe- 

rauU. 
Nissan          9       *« 
Beziera         8       " 
Montaraac  10       " 
M^ze           10       " 

8-035 
8-379 
8-173 
8589 
7-190 

7-896 
7728 
8108 
7812 

Montpellier    5  rn.  old 
Lnnel            8       '' 
Frontignan     5       ** 
RedUenniUge4   " 
White    do. 
Bur^ndf      4       ** 
GraTe             8       " 
Chainpefne  (iparkling) 

Do.  white      do. 

Do.  rose 
Bordeaaz 
Toulouse 

•7413 
7-564 
7-098 
5-838 
7056 
6195 
5838 
5-880 
51i5 
4-956 
6186 
5-027 

♦WINE,  FAMILY,  may  be  made  by  the  following  recipe.* — Take  black,  red,  white 
earrants,  ripe  cherries  (black  hearts  are  the  best),  and  raspberries,  of  each  an  equal 
quantity.  To  4  pounds  of  the  mixed  froit,  well  bruised,  put  1  gallon  of  clear  so(\  water; 
steep  three  days  and  nights,  in  open  yessels,  frequently  stirring  up  the  magma ;  then 
strain  through  a  hair  sieve;  press  the  residuary  pulp  to  dryness,  and  add  its  juice  to  the 
former.  In  each  gallon  of  the  mixed  liquors  dissolve  3  pounds  of  good  yellow  mustco- 
Tado  sugar;  let  the  solution  stand  other  three  days  and  nights,  frequently  skimming  and 
stirring  it  up ;  then  tun  it  into  casks,  which  should  remain  full,  and  purging  at  the  bung- 
hole,  about  two  weeks.  Lastly,  to  every  9  gallons  put  1  quart  of  good  Cognac  brandy 
(bnt  not  the  drugged  imitations  made  in  London  with  grain  whiskey),  and  bung  down. 
If  it  does  not  soon  become  fine,  a  steeping  of  ising-glass  may  be  stirred  into  the  liquid,  in 
the  proportion  of  about  half  an  ounce  to  9  gallons.  I  have  found  that  the  addition  of  an 
onnce  of  cream  of  tartar  to  each  gallon  of  the  fermentable  liquor,  improves  the  quality 
of  the  wine,  and  makes  it  resemble  more  nearly  the  produce  of  the  grape. 

WINE-SrrONE  is  the  deposite  of  crude  tartar,  called  argal,  which  settles  on  the  sides 
«nd  bottoms  of  wine  casks. 

WIRE-DRAWING.  (Tfefilerie,  Fr. ;  Draht-zieken,  Drahtzug^  Germ.)  When  an 
oblong  lump  of  metal  is  forced  through  a  series  of  progressively  diminishing  apertures  in 
a  steel  plate,  so  as  to  assume  in  its  cross  section  the  form  and  dimensions  of  the  last 
hole,  and  to  be  augmented  in  length  at  the  expense  of  its  thickness,  it  is  said  to  be  wire- 
drawn. The  piece  of  steel  called  the  drato-plaie  is  pierced  with  a  regular  gradation  of 
holes,  from  the  largest  to  the  smallest ;  and  the  machine  for  overcoming  the  lateral  adhe- 
sion of  the  metallic  particles  to  one  another,  is  called  the  drav>-hendi.  The  pincers  which 
lay  hold  of  the  extremity  of  the  wire,  to  pull  it  through  the  successive  holes,  are  adapted 
to  bite  it  firmly,  by  having  the  inside  of  the  jaws  cut  like  a  file.  For  drawing  thick  rods 
of  gilt  silver  down  into  stout  wire,  the  hydraiHic  press  has  been  bad  recourse  to  with 
advantage. 

Fig.  1202  represents  a  convenient  form  of  the  draw-bench,  where  the  power  is  applied 
by  a  toothed  wheel,  pinion,  and  rack-work,  moved  by  the  hands  of  one  or  two  men  wor^ 

ing  at  a  winch ;  the  motion  being  so 
regulated  by  a  fly-wheel,  that  it  does 
not  proceed  in  fits  and  starts,  and  cause 
inequalities  in  the  wire.  The  metal 
requires  to  be  annealed,  now  and  then, 
between  successive  drawings,  other- 
wise it  would  become  too  hard  and 
brittle  for  further  extension.  The  red 
upon  which  it  is  wound  is  sometimes 
mounted  in  a  cistern  of  sour  small 
beer,  for  the  purpose  of  clearing  off*, 
or  loosening  at  least,  any  crust  of 
ozyde  formed  in  the  annealing,  before  the  wire  enters  the  draw-plate. 

When,  for  very  accurate  purposes  of  science  or  the  arts,  a  considerable  length  of  uni- 
form wire  is  to  be  drawn,  a  plate  with  one  or  more  jewelled  holes,  that  is,  filled  with  one 
or  more  perforated  rubies,  sapphires,  or  chrysolites,  can  alone  be  trusted  to,  because  the 
holes  even  in  the  best  steel  become  rapidly  wider  by  the  abrasion.  Through  a  hole  in  a 
mby,  0*0033  of  an  inch  in  diameter,  a  silver  wire  170  miles  long  has  been  drawn,  whieh 
possemed  at  the  end  the  very  same  section  as  at  the  beginning ;  a  result  determined  by 
weighing  portions  of  equal  length,  as  also  by  measuring  it  with  a  micrometer.  The  hole  in 
an  ordinary  draw-plate  of  soft  steel  becomes  so  wide  by  drawing  14,000  fathoms  of  brass 
wire,  that  it  requires  to  be  narrowed  before  the  original  sized  wire  can  be  again  obtained. 
Wire,  by  being  diminished  one  half,  one  third,  one  fourth,  &«.,  in  diameter,  is  ang- 
mented  in  length  respeetivelT.  fonr.  nine,  sixteen  times,  fce.    The  speed  with  whieh  it 
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may  be  prudently  drawn  out,  depends  upon  tlie  ductility  and  tenacity  of  the  metal;  \A 
may  be  always  increased  the  more  the  wire  becomes  attenuated,  because  its  ptrtieks 
progressively  assume  more  and  more  of  the  filamentous  form,  and  accommodale  tlie» 
selves  more  readily  to  the  extending  force.  Iron  and  brass  wires,  of  0-3  inch  ia  dilB^ 
ter,  boar  drawing  at  the  rate  of  from  12  to  15  inches  per  second;  but  when  ofOOSb  {X) 

of  an  in#i,  at  the  rate  of  from  40  to  45  inches  in  the  same  time.  Finer  silrer  aad  cof 
Iter  wire  may  be  extended  from  60  to  70  inches  per  second.  . 

By  enclosing  a  wire  of  platinum  within  one  of  silver  ten  tines  thicker,  and  dnwiir 
down  the  compound  wire  till  it  be  ^i-  of  an  inch,  a  wire  of  platinam  of  .^'     of  ■ 

inch  will  exist  in  its  centre,  which  may  be  obtained  apart,  by  dissolTing  the  silver  m, 
in  nitric  acid.    This  pretty  experiment  was  first  made  by  Dr.  Wollnstnn. 

The  French  draw-plates  are  so  much  esteemed,  that  one  of  the  best  of  tbem  used  te 
be  sold  in  this  country,  during  the  late  war,  for  its  weight  in  silver.  The  bdes  lie 
formed  wiih  a  steel  punch ;  being  made  large  on  that  side  where  the  wire  enten,  aai 
diminishing  with  a  regular  taper  to  the  other  side.  In  the  act  of  drawine,  they  mmt  be 
well  supplied  with  grease  for  the  larger  kinds  of  wire,  and  with  wax  for  the  smaller.    « 

WOAD  (Vouede,  Pastel,  Fr. ;  IVaid,  Germ.;  IsatU  tinrioria^  Linn.),  the  glathtm  af 
the  ancient  Gauls  and  Germans,  is  an  herbaceous  plant  which  was  fonnerly  much  colli* 
▼ated,  as  affording  a  permanent  blue  dye,  but  it  has  been  in  modem  times  well  aick 
superseded  by  indigo,  Pliny  says,  "  A  certain  plant  which  resembles  planiago,  called 
glastum,  is  employed  by  the  women  and  girls  in  Great  Britain  for  dyeing  their  bodies  afi 
over,  when  they  assist  at  certain  religious  ceremonies;  they  have  then  the  color  cf 
Ethiopians." — Hist,  Nat,  cap.  xxii.  §  2. 

When  the  arts,  which  had  perished  with  the  Roman  empire,  were  revived,  in  the  middk 
ages,  woad  began  to  be  generally  used  for  dyeing  blue,  and  became  an  object  of  noit 
extensive  cultivation  in  many  countries  of  Europe.  The  environs  of  Toulouse  aad 
Mirepoix,  in  Upper  Languedoc,  produced  annually  40,000,000  pounds  of  the  prepared 
woad,  or  pastel,  of  which  200,000  bales  were  consumed  at  Bordeaux.  Beruni,  a  rick 
manufacturer  of  this  drug,  became  surety  for  the  payment  of  the  ransom  of  his  Ifinf, 
Francis  I.,  then  the  prisoner  of  Charles  V.  in  Spain. 

The  leaves  of  woad  are  fermented  in  heaps,  to  destroy  certain  vegetable  principles 
injurious  to  the  beauty  of  the  dye,  as  al«o  to  elaborate  the  indigoferons  matter  present, 
before  they  are  brought  into  the  market ;  but  they  should  be  carefully  watched  donar 
this  process.    Whenever  the  leaves  have  arrived  at  maturity,  a  point  judged  of  very  dif- 
ferently in  diflferent  countries,  they  are  stripped  off  the  plant,  a  cropping  which  is  repeated 
as  oHen  as  they  shoot,  being  three  or  four  times  in  Germany,  and  eight  or  ten  times  ia 
Italy.     The  leaves  are  dried  as  quickly  as  possible,  but  not  so  much  as  to  become  black: 
and  they  are  ground  before  they  get  quite  dry.    The  resulting  paste  is  laid  upon  a  slopios 
pavement,  with  gutters  for  conducting  the  juice,  which  exudes  into  a  tank;  the  heap 
being  tramped  from  time  to  time,  to  promote  the  discharge  of  the  juice.      The  woad  fer- 
menlF,  swells,  and  cracks  in  many  places,  which  fissures  must  be  closed  ;  the  whole  beioe 
occasionally  watered.     The  fermentation  is  continued  for  twenty  or  thirty  days,  in  cold 
weather;  and  if  the  leaves  have  been  gathered  dr}',  as  in  Italy,  for  four  months.    When 
the  fermented  heap  has  become  moderately  dry,  it  is  ground  again,  and  put  up  in  cakn 
of  from  one  to  three  pounds ;  which  are  then  fully  dried,  and  packed  up  in  bundles  for 
the  market.     Many  dyers  subject  the  pastel  to  a  second  fermentation. 

1,600  square  toises  (fathoms)  of  land  afford  in  two  cuttings  at  least  19,000  poundf^of 
leaves,  of  which  weight  four  fifths  are  lost  in  the  fermentation,  leaving  3,880  pounds  of 
pastel,  in  loaves  or  cakes.  When  cood,  it  has  rather  a  yellow,  or  greenish>yelIow,  than 
a  blue  color:  it  is  light,  and  slightly  humid ;  it  gives  to  paper  a  pale-green  trace;  aod 
improves  by  age,  in  consequence  of  an  obscure  fermentation;  for  if  kept  four  years, it 
dyes  twice  as  much  as  afler  two  years.  According  to  Hellot,  4  pounds  of  GuatimaU  ia- 
digo  produce  the  same  effect  as  210  pounds  of  the  pastel  of  Albi.  At  Quins,  in  Pied- 
mont, the  dyers  estimate  that  6  pounds  of  indigo  are  equivalent  to  300  of  pastel;  but 
Chaptal  thinks  the  indigo  underrated. 

Pastel  will  dye  blue  of  itself,  but  it  is  commonly  employed  as  a  fermentative  addition 
to  the  proper  blue  vat,  as  described  under  Indigo. 

Fresh  woad,  analyzed  by  Chevreul,  afiforded,  in  100  parts,  65*4  of  juice.  AAer  beiBf: 
steeped  in  water,  the  remaining  mass  yielded,  on  expression,  29*65  of  liquid ;  being  is 
whole,  95*05  parts,  leaving  4-95  of  ligneous  fibre.  The  juice,  by  filtration,  gave  1*95  of 
green  fecula.  100  parts  of  fresh  woad,  when  dried,  are  reduced  to  13*76  parts.  Alco- 
hol, boiled  upon  dry  woad,  deposites,  after  cooling,  indigo  in  microscopic  needles ;  bat  these 
cannot  be  separated  from  the  vegetable  albumine,  which  retains  a  greenish-gray  color. 

WOLFRAM  is  the  native  tungstate  of  iron  and  manganese,  a  mineral  which  ooeart 
ia  primitive  formations,  along  with  the  ores  of  tin,  antimony,  and  lead,  in  the  Bohemiaa 
Erzegebirge,  in  Cornwall,  Switzerland,  North  America,  &«.  It  is  used  bj  chemists  £9r 
obtaining  tungstie  acid  and  tungsten. 
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WOOD  (BoiSf  Fr. ;  Holz,  Germ.),  is  the  hard  but  porons  tisgne  between  tbe  pith 
and  the  bark  of  trees  and  shrubs,  through  which  the  chief  part  of  the  juices  is  con- 
ducted from  the  root  towards  the  branches  and  leaves,  during  the  life  of  the  vegetable. 
The  ligneous  fibre  is  the  substance  which  remains,  aAer  the  plant  has  been  subjected  V^ 
the  solvent  action  of  ether,  alcohol,  water,  dilute  apids,  and  caustic  alkaline  leys.  It  is 
considered  by  chemists  that  dry  timber  consists,  on  an  average,  of  96  parts  of  fibrouSy 
and  4  of  soluble  matter,  in  100 ;  but  that  these  proportions  vary  somewhat  with  the  sea- 
sons, the  soil,  and  the  plant.  AH  kinds  of  wood  sink  in  water,  when  placed  in  a  basin 
of  it  under  the  exhausted  receiver  of  an  air-pump;  showing  their  specific  gravity  to  be 
^eater  than  1*000.  That  of  fir  and  maple  is  stated,  by  chemical  authors,  to  be  1*46; 
and  that  of  oak  and  beech,  at  1*53;  but  I  believe  them  to  have  all  the  same  spec.  grav. 
as  the  fibre  of  flax ;  namely,  1*50,  as  determined  by  me  some  years  ago.* 

Wood  becomes  snow-white,  when  exposed  to  the  action  of  chlorine ;  digested  with 
«uli*huric  acid,  il  is  transfurmoi  first  into  gum,  and,  by  ebullition  with  water,  aAerwards 
into  grape-sugar ;  with  concentrated  nitric  acid,  it  grows  yellow,  loses  its  coherence,  falli 
into  a  pulverulent  mass,  but  eventually  dissolves,  and  is  converted  into  oxalic  acid ;  with 
strong  caustic  alkaline  leys,  in  a  hot  state,  it  swells  up  excessively,  dissolves  into  a 
homogeneous  liquid,  and  changes  into  a  blackish-brown  mass,  containing  oxalic  and 
acetic  acids. 

The  composition  of  wood  has  been  examined  by  Gay  Lussac  and  Thenard,  and  Dr. 
Prout.    The  first  two  chemists  found  it  to  consist,  in  100  parts,  of— 

Oak.  Beech. 

Carbon     ....    62-53  51-45 

Hydrogen  -  -  -      5-69  6-82 

Oxygen    ....    41-78  42-73 

According  to  Dr.  Prout,  the  oxygen  and  hydrogen  are  in  the  exact  proportions  to  fonn 

water.     Willow  contains  50,  and  box  49*8  per  cent,  of  carbon  ;  each  containing,  there* 

fore,  very  nearly  44-444  of  oxygen,  and  5*555  of  hydrogen.     In  the  analyses  of  (Jay 

Lussac  and  Thenanl,  there  is  a  great  excess  of  hydrogen  above  what  the  oxygen  requires 

to  form  water.     Authenrieth  stated,  some  years  ago,  that  he  found  that  fine  sawdnst, 

mixed  with  a  sufficient  quantity  of  wheat  flour,  made  a  coherent  dough  with  water,  which 

formed  an  excellent  food  for  pigs;  apparently  showing  that  the  digestive  organs  of  this 

animal  could  operate  the  same  sort  of  change  upon  wood  as  sulphuric  acid  does. 

Table  of  the  Distillation  of  One  Pound  of  Wood,  dried,  at  86®  Fahr. 


f 

Name  of  the  wood. 

Wcl«ht  of 
woo'i  acid. 

One  ounce  or  the 

acid  saturates  of 

carbonate  of 

potash. 

Weight  of  the 

coiubustible 

oil. 

Weight  of  the 
chaxcoal. 

While  birch  .... 
Red  beech          ... 
Prick  wood  (spindle  tree) 
Large  leaved  linden    - 
Red  or  scarlet  oak 
While  beech 

Common  ash          ... 
Horse  chestnut  .        -        - 
Italian  poplar        ... 
Silver  poplar      ... 
White  willow        ... 
Root  of  the  sassafras  laurel 
Wild  service  tree  ... 
Basket  willow    . 
Dogberry  tree        ... 
Buckthorn          ... 
Loicwood       .... 
Alder         .... 
Juniper         .... 
White  fir  (deal) 
Common  pine  wood 
Savine  tree         ... 
Red  deal  (pine)     ... 
Goiac  wood  >    • 

Ounces, 

7 

7 

7* 

6! 
7 

6| 
7i 

7i 
7i 

7i 

H 

7 

8 
7 
7* 
7f 

7} 

6* 

6f 

7 

6 

6 

Orairu, 
44 
44 
40 
41 
40 
40 
34 
31 
30 
30 
28 
29 
28 
27 
27 
26 
26 
22 
23 
23 
22 
20 
18 
16 

Ounces, 

It 

If 
2 

1| 

1| 

ijf 

1) 

l| 

l| 

It 

n 

li 
If 

2} 
ll 

it 

Ounces. 

3f 

3f 

31 

3f 
4} 

31 
3* 
3i 
3f 
3f 
3} 

n 
It 

4 

3* 

31 

3* 

H 

*  *'  From  the  small  difference  found 
Mb  fl-47).  1  urn  inclined  to  think  thftt 


fat  experiAent  between  the  specifte  fravity  of  flax  (1* 
the  density  of  boUi  may  be  esMidefid  to  bb  (Maali** 


50)  and  of  I 
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WOOF  is  the  same  m  Wkft. 

WOOLIJIN  MANUFACTURE.  la  reference  lo  t-alUe  fabri^  sheep's  wool  isof 
two  different  sorts,  the  short  and  the  long  stapled ;  each  of  which  reqaires  ilifiemt 
modes  of  manufacture  in  the  preparation  and  spinning  processes,  as  also  in  the  treaimest 
of  the  cloth  after  it  is  woven,  to  fit  it  fur  the  market.  Each  of  these  is,  moreover,  dis- 
tinguished in  commerce  by  the  names  of  fleece  wools  and  dead  wools,  according  as  tbcf 
have  been  shorn  at  the  usual  annual  period  from  the  living  animal,  or  are  cot  from  its 
skin  after  death.  The  latter  are  comparatively  harsh,  weak,  and  incapable  of  imbibti^ 
the  dyeini;  principles,  more  especially  if  the  sheep  has  died  of  some  malignant  distemper. 
The  annular  pores,  leading  into  the  tubular  cavities  of  the  filaments,  seem,  in  this  ea.% 
to  have  shrunk  and  become  obfttrucled.  The  time  of  year  for  sheep-sUiearing  most  favor- 
able to  the  quality  of  the  wool,  and  the  comfort  of  the  animal,  is  towards  the  end  of 
June  and  beginning  of  July ; — the  period  when  Lord  Leicester  holds  his  celebrated  mrsl 
(l^te  for  that  interesting  purpose. 

The  wool  of  the  sheep  has  been  surprisingly  improved  by  its  domestic  culture.  The 
moujlon  (Ovis  aries),  the  parent  stock  from  which  our  sheep  is  undoubtedly  derived, 
and  which  is  still  found  in  a  wild  state  upon  the  mountains  of  Sardinia,  Corsica,  Barbary, 
Ckeece,  and  Asia  Minor,  has  a  very  short  and  coarse  rteece,  more  like  hair  than  wooL 
When  this  animal  is  brought  under  the  fosterini;  cnre  of  man,  the  rank  fibres  gradually 
disappear ;  while  the  soA  wool  round  their  roots,  little  conspicuous  in  the  wilt!  animal, 
becomes  singularly  developed.  The  male  most  speedily  undergoes  this  chanze,  and  con- 
tinues ever  afterwards  to  possess  far  more  power  in  modifying  the  fleece  of  the  ofTspriof, 
than  the  female  parent.  The  produce  of  a  breed  from  a  coarse- woolled  ewe  and  a  fine- 
woolled  ram  is  not  of  a  mean  quality  between  the  two,  but  half-way  nearer  that  of  the 
sire.  By  coupling  the  female  thus  generated  with  such  a  male  as  the  former,  another 
improvement  of  one  half  will  be  obtained,  affording  a  staple  three  fourths  finer  than  that 
of  the  grandam.  By  proceeding  inversely,  the  wool  woukl  be  as  rapidly  deteriorated. 
It  is,  therefore,  a  matter  of  the  first  consequence  in  wool  husbandry,  to  exclude  from  the 
flock  all  coarse-fleeced  rams. 

Long  wool  is  the  produce  of  a  peculiar  variety  of  sheep,  and  varies  in  the  length  of 
its  fibres  from  3  to  8  inches.  Such  wool  is  not  carded  like  cotton,  but  combed  like  flax, 
either  by  hand  or  appropriate  machinery.  Short  wool  is  seldom  longer  than  3  or  4 
inches ;  it  is  susceptible  of  carding  and  feltins,  by  which  processes  the  filaments  become 
first  convoluted,  and  then  densely  matted  together.  The  shorter  sorts  of  the  combiog 
wool  are  used  principally  for  htisiery,  Ihoush  of  late  years  the  finer  kinds  have  been 
extensively  worked  up  into  Merino  and  mousseline-de-laine  fabrics.  The  longer  wools 
of  the  Leicestershire  breed  are  manufactured  into  hard  yarns,  for  worsted  pieces,  such  as 
waistcoats,  carpets,  bombazines,  poplins,  crapes,  &c. 

The  wool  of  which  cood  broadcloth  is  made  should  be  not  only  shorter,  but,  eeneraDy 
tpeakin?,  finer  and  softer  than  the  worsted  wools,  in  order  to  fit  them  for  the  fullinir  pro- 
cess. Some  wool-sorters  and  wool-staplers  acquire  by  practice  great  nicety  of  discern- 
ment in  judjjing  of  wools  by  the  touch  and  traction  of  the  finders.  Two  years  ago,  I 
made  n  series  of  observations  ufwn  diflTerenl  wools,  and  published  the  results.  The 
filaments  of  the  finer  qualities  varied  in  thickness  from  yj^^-r  to  -r-X.fr  of  an  inch;  their 
structure  is  very  curious,  exhibilinz,  in  a  good  achromatic  microscope,  at  intervals  of  about 
jJ^^of  an  inch,  a  series  of  serrated  rings,  imbricated  towards  each  other,  like  the  joints 

of  Eq'u^elumf  or  rather  like  the  scaly  zones  of  a  serpent's  skin.  See  Philosophy  of 
Manufactures,    gs.  11,  12,  pa?e  91,  second  edition. 

There  are  four  distinct  qualities  of  wool  upon  every  sheep;  the  finest  being  upon  the 
spine,  from  the  neck  to  within  6  inches  of  the  tail,  including  one  third  of  the  breadth  ot 
the  back  ;  the  secontl  covers  the  flnnks  between  the  thighs  and  the  shoulders;  the  third 
clothes  the  neck  and  the  rump ;  and  the  fourth  extends  upon  the  lower  part  of  the  neck 
and  breast  down  lo  the  feet,  as  also  upon  a  part  of  the  shoulders  and  the  thighs,  to  the 
bottom  of  the  hind  quarter.  These  should  be  torn  asunder,  and  sorted,  immediately  aAer 
the  shearing. 

The  harshness  of  wools  is  dependant  not  solely  upon  the  breed  of  the  animal,  or  the 
climaie,  but  is  owing  to  certain  peculiarities  in  the  pasture,  derived  from  the  soil.  It  is 
known,  that  in  sheep  fed  upon  chalky  districts,  wool  is  apt  to  get  coarse ;  but  in  those 
ii|»on  a  rich  loamy  soil,  it  becomes  soft  and  silky.  The  ardent  sun  of  Spain  renders  the 
fleece  of  the  Merino  breed  harsher  than  it  is  in  the  milder  climate  of  Saxony.  Smearing 
sheep  with  a  mixture  of  tar  and  butter  is  deemed  favorable  to  the  softness  of  their 
wool. 

All  wo^,  in  its  natural  slate,  contains  a  quantify  of  a  peculiar  potash-soap^  secreted 
hy  the  animal,  called  in  this  country  the  jplk ;  which  may  be  washed  out  by  water  alone, 
with  which  it  forms  a  sort  of  lather.  It  constitutes  from  25  to  50  per  cent,  of  the  wool, 
beins  most  abundant  in  the  Merino  breed  of  sheep ;  and  however  favorable  to  the 
Srowth  of  the  wool  oa  the  living  animal,  should  be  taken  oat  soon  after  it  it  shon,  kit 
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use  them  to  become  hard  and  brittle.    After 

1  luicewarTD,  the  wml  should  be  well  iHFRged, 
i&lly  aboal  1,000,000  ncks  of  wool,  uid  im- 


jt  injure  the  fibres  b;  rermenlilion,  sad 
being  waihed  in  water,  somewhat  more  I 
and  cmnM\j  dried.  Eoglund  gruws  ■ 
ports  100,000  bafti. 

Woul  iiaiiorleU  into  the  United  Kingdom,  in  1836,  64,239,977  lbs. ;  in  1837,  48,396,121 
lbs.  Reuiaed  Tor  home  consumption,  in  1836,  60,724,795  lb«. ;  in  1S37,  43,148,297  lb*. 
Duly  received,  in  1836,  XI9a,07S  ;  in  IS3T,  £118,519. 

Hario;  premised  Iheie  general  ob&ervntionB  on  wool,  I  shall  now  proceed  to  Ueat  «( 
its  manuractoie,  beginning  with  that  of  wool-combing,  or 


In  this  branch  of  business,  ■  long  stapled  and  firm  fibre  is  reqaired  to  lorm  a  tmaolh 
iCTelfarD,  lillle  iieblF  lo  shrink,  Cuil,  ur  Mt  in  weaving  and  finishing  Iheelotb.  It  must 
not  be  entangled  by  carding,  but  stretched  in  lines  as  parallel  as  possible,  by  a  suitable 
^steoi  ut  combing,  manual  or  mechanical. 

When  the  long  wool  is  brought  into  the  worsted  factory,  it  is  first  of  all  washed  by 
men  with  soap  and  water,  wbo  are  paid  for  their  labor  by  the  piece,  and  are  each  assisted 
by  a  buy,  who  receives  the  woulaa  it  issues  I'rom  between  the  drying  ifaeetcri,  (tee  Bluch- 
IHO.)  The  boy  carries  off  the  wool  in  baskets,  and  ipieeds  it  evenly  upon  the  floor  of 
the  drjing-rooin,  usuall}  an  ainnment  qver  the  bailers  of  the  steam-engine,  which  is  thus 
economically  healed  to  the  proper  leinperalure.  The  heallh  uf  the  boys  employed  in  ihit 
business  is  found  lo  be  nut  al  all  injured. 

The  wool,  when  property  dried,  is  transferred  to  a  machine  called  the  pladctr,  which 
ia  always  superinlended  by  a  bu)  of  12  or  14  years  of  age,  being  very  light  Work.  He 
lays  [he  tresses  of  wool  pretty  evenly  upon  the  feed-apron,  or  table  covered  with  an 
endless  moving  web  of  canvass,  which,  as  it  advances,  delivers  the  ends  of  the  long  lufU 
lo  a  pair  of  fluled  rollers,  whence  it  is  introduced  into  a  fanning  apparatus,  tomewhat 
•imilar  lo  Ihe  ailloio  emjdoyed  in  the  eotlon  manufacture,  which  see.  The  fitamenia 
•re  turned  out,  at  the  op|iasile  end  of  this  winnowing  machine,  sltaighlened,  cleaned, 
and  ready  for  the  combing  opetaiioa.  According  to  ihe  old  practice  of  the  iiade,  and  still 
loni  for  the  finer  descriptions  of  the  lung  staple, 

according  to  the  present  practice,  the  wool 
is  carded  by  hand.    This  Is  far  aiore  severe 
labor  than  any  subservient  lo  machinery, 
and  is  earried  on  in  rooDis  rendered  close 
and  hot  by  ihe  number  of  stoves  tequisiie 
10  heal  (he  combs,  and  so  enable  them  to 
fibres  son,  firxible,  and  clastic. 
This  is  a  task  at  which  only  robust  men 
are  engajied.    They  use  three  implements; 
post,  <o  which  one  of  (he  combs  can  be  fixed  ; 
ttove  for  heating  the  teeth  of  ihecombs.     Each  comb  is.  com  posed 
either  of  two  or  three  rows  of  pointed  tapering  sleel  (ee th  ^ 
Jig.  1203,  disposed  in  twoor  ihree  papillel  planes,  each  tow  being 
a  li((le  longer  than  the  preceding.    They  are  made  fast  at  the 
roots  to  a  wooden  slocit  or  head  (.,  which  is  covered  with  horn, 
and  has  a  handle  li,  filed  into  it  at  right  angles  to  the  linesof  the 
leelh.     The  spaces  between  these  two  or  three  planes  of  leelh, 
is  nboitt  one  third  of  an  inch  at  their  bottoms,  biit  somewhat 
Diore  nt  their  lips.    The  firrl  combine,  when  the  fibres  are  most 
enlaniled,  is  perfiirmed  with  the  two-row  toothed  combs;  the 
second,  or  finishing  combing,  with  the  three-row  loolhed. 

In  the  workshop  a  post"  is  planted  (Jig.  !204),  nprishl,  Ibr 
resting  Ibe  combs  occasionally  upon,  during  Ihe  operation. 
An  iron  Mem  g,  projects  from  it  horjiootally,  havinx  its  end 
turned  up,  so  as  to  puft  through  a  hole  in  the  handle  of  iha 
eomh.  Near  its  point  of  insertion  into  the  post,  there  is  an* 
other  staple  |>oint  A,  which  enters  into  the  hntluw  end  of  Ihe 
handle;  which,  bel ween  these  two  calche*,  is  firmly  secured  lo 
the  post.  The  stoee  i«  a  very  simple  affair,  eon>i«lina  m-rety  ol 
a  flnl  iron  plate,  healed  by  firr  or  siesio,  and  snrmounied  with  a 
similar  plate,  at  an  interval  snfllcient  lo  allow  Ihr  leelh  to  be 
loterted  between  them  at  one  side,  which  is  left  open,  while  ihe  space  between  their 
edges,  on  the  other  side',  is  ctose-l  to  confine  Ihe  heat. 

In  combing  the  wool,  the  workman  Uke«  it  op  in  treses  of  ahonl  four  oonees  eaeb, 
aprinfcltf  it  with  oil,  and  roll*  it  about  in  his  bands,  to  render  all  the  fllameoU  equally 
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unctuous.  Some  harsh  dry  wools  require  one  sixteenth  their  weight  of  oil,  others  no 
more  than  a  fortieth.  He  next  attaches  a  heated  comb  to  the  [>ost,  with  its  leeth  pointed 
upwards,  seizes  one  h^fof  the  tress  of  wool  in  his  hands,  throws  it  over  the  teeth,  thes 
draws  it  through  them,  and  ihus  repeatedly,  leaving  a  few  straight  filaments  each  time  upon 
the  comb.  When  the  comb  has  in  this  way  collected  all  the  wool,  it  is  placed  with  its  points 
inserted  into  the  cell  of  the  stove,  with  the  wool  hanging  down  outside,  exposed  to 
the  influence  of  the  heat.  The  other  comb,  just  removed  in  a  heated  state  from  the 
stove,  is  planted  upon  the  post,  and  furnished  in  its  turn  with  the  remaining  two-ounce 
tress  of  wool ;  after  which  it  supplants  the  preceding  at  the  stove.  Having  both  combs 
now  hot,  he  holds  one  of  them  with  his  left  hand  over  his  knee,  being  seated  upon  a  low 
stool,  and  seizing  the  other  with  his  right  hand,  he  combs  the  wool  upon  the  first,  by 
iutroducing  the  teeth  of  one  cumb  into  the  wool  stuck  in  the  other,  and  drawing  them 
through  it.  This  manipulation  is  skilfully  repeated,  till  the  fibres  are  laid  truly  parallel, 
like  a  flat  tress  of  hair.  It  is  proper  to  begin  by  combing  the  tips  of  the  tress,  and  to 
advance  progressively,  from  the  one  end  towards  the  other,  till  at  length  the  combs  are 
worked  with  their  teeth  as  closely  together  as  is  possible,  without  bringing  them  into  col- 
Ibion.  If  the  workman  proceeded  otherwise,  he  would  be  apt  to  rupture  the  filaments, 
or  tear  their  ends  entirely  out  of  one  of  the  combs.  The  flocks  leA  at  the  end  of  Ibe 
process,  because  they  are  too  short  for  the  comber  to  grasp  them  in  his  hand,  are  called 
noyU,  They  are  unfit  for  the  worsted  spinner,  and  are  reserved  for  the  coarse  cloth 
manufacture. 

The  wool  finally  drawn  ofi*  from  the  comb,  though  it  may  form  a  uniform  tress  of 
straight  filaments,  must  yet  be  cou)bed  again  at  a  somewhat  lower  temperature,  to  pre- 
pare it  perfectly  for  the  spinning  operation.  From  ten  to  twelve  slivers  are  then  arranged 
in  one  parcel. 

To  relieve  the  workman  from  this  laborious  and  not  very  salubrious  task,  has  been 
the  object  of  many  mechanical  inventions.  One  of  these,  con^^iderabiy  employed  in  tbis 
country  and  in  France,  is  the  invention  of  the  late  Mr.  John  Collier,  of  Paris,  for  which 
a  patent  was  obtained  in  England,  under  the  name  of  John  Piatt,  of  Salford,  ia 
November,  1827.  It  consists  of  two  comb-wheels,  about  ten  feet  in  diameter,  having 
hollow  iron  spokes  filled  with  steam,  in  order  to  keep  the  whole  apparatus  at  a  proper 
combing  heat.  The  comb  forms  a  circle,  made  fast  to  the  periphery  of  the  wheel,  the 
teeth  being  at  right  angles  to  the  plane  of  the  wheel.  I'he  shafts  of  the  two  wheels  are 
mounted  in  a  strong  frame  of  cast  iron ;  not,  however,  in  horizontal  positions,  but  inclined 
at  acute  angles  to  the  horizon,  and  in  planes  crossing  each  other,  so  that  the  teeth  of  ooe 
circular  comb  sweep  with  a  steady  obliquity  over  the  teeth  of  the  other,  in  a  most 
ingenious  manner,  with  the  effect  of  combing  the  iresses  of  wool  hnng  upon  them.  The 
proper  quantity  of  long  wool,  in  its  ordinary  stale,  is  stuck  in  handfuls  upon  the  wheel, 
revolving  slowly,  by  a  boy,  seated  upon  the  ground  at  one  side  of  the  machine.  When- 
ever the  wheel  is  dressed,  the  machine  is  made  to  revolve  more  rapidly,  by  shiAing  its 
driving-band  on  another  pulley ;  and  it  is  beautiful  to  observe  the  delicacy  and  precision 
with  which  it  smooths  the  tangled  tress.  When  the  wools  arc  set  in  rapid  rotation,  the 
loose  ends  of  the  fleece,  by  the  centrifugal  force,  are  thrown  out,  in  the  direction  of  radii, 
upon  the  teeth  of  the  other  revolving  comb-whe*  I.  so  as  to  be  drawn  out  and  made  truly 
straight.  The  operation  commences  upon  the  tips  of  the  tresses,  where  the  wheels,  by 
the  oblique  posture  of  their  shafts,  are  at  ihc  grcntesl  distance  apart ;  but  as  the  planes 
slowly  approach  to  parallelism,  the  teelh  enter  more  deeply  into  the  wool,  till  they  pro- 
gressively comb  the  whole  length  of  its  fibres.  The  machines  being  then  thrown  out  of 
gear,  the  teelh  are  stripped  of  the  tresses  by  the  hand  of  the  attendant ;  the  noyls,  or  short 
refuse  wool,  being  also  removed,  and  kept  by  itself. 

This  operation  being  one  of  simple  superintendence,  not  of  handicraft  effort  and  skill, 
like  the  old  combing  of  long  wool,  is  now  performed  by  boys  or  girls  of  13  and  14  yean 
of  age  ;  and  places  in  a  striking  point  of  view  the  influence  of  automatic  mechanbm,  is 
so  embodying  dexterity  and  intelligence  in  a  machine,  as  to  render  the  cheap  and  tracta- 
ble labor  of  children  a  substitute  for  the  high-priced  and  often  refractory  exertions  of 
workmen  too  prone  to  capricious  combinations.  The  chief  precaution  to  be  taken  with 
this  machine,  is  to  keep  the  steam-joints  tight,  so  as  not  to  wet  thP  apartments,  and  to 
luvvide  due  ventilation  (or  the  operatives. 

The  following  machine,  patented  by  James  Noble,  of  Halifax,  worsted-spinner,  is 
l*ebTuary,  1834,  deserves  particular  notice,  as  its  mode  of  operation  adapts  it  well  also  for 
kockling  flax.  In  Jig,  1205  the  internal  structure  is  exhibited.  The  frame-work  a,  a, 
npports  the  axle  of  a  wheel,  6, 6,  in  suitable  bearings  on  each  side.  To  the  face  of  this 
wheel  is  afllxed  the  eccentric  or  heart- wheel  cam  c,  c.  On  the  upper  part  of  the  peripherj 
of  this  cam  or  heart-wheel,  a  lever  d,  d,  bears  merely  by  its  gfravity;  oM  end  « 
which  lever  is  eonneoted  by  a  joint  to  the  crank  s.  By  the  rotatmn  of  the  eraidr  i,  il 
inll  be  perceived  that  the  leTer  d,  will  be  slidden  to  and  fro  on  tbe  upper  pari  of  thf 
periphery  of  the  eceeatric  or  heart-wheel  earn  c,  the  outer  end  of  the  lever  d, 
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needU-pDinia  /,  as  U  moie*,  patoimn^  m  elliptiMl 


will  be  depcDdMt 
upoa  tbe  pociLioo 
of  Ihe  bean-whed 
oun  c,  that  guida 
il.      A    moveabla 

Ml  in  of  |>oinU  1^ 
nhicb  arc  to  cmw 
Blilute  the  lowar 
oonib  uc  frame  «f 
n«edlei.  IntolhCM 
aeeJIei  lit 


anil  cuDibeil  slraight  bjr  tb 


mh 


ilnt  combed  oi 

jressively,  Ihe  moveable  frame  g,  it  in  Ih. 

uul  the  aciiun  uf  Ihe  lever  d,  duririE  the 

jiosilions  of  the  cam-wheel,  as  to  alluw  i 

waj  on^i.  into  the  wool :    but  »i  Ih«  nnei 

lower  couibi  is  moJe  li 

beart  cain--#hcr1  e,  liein 

Icaiflh  alluwed  la  be  iit 

nraishi  Ihe  whole  lencih  of  its  fibre. 

In  order  lo  live  to  the  machine  the 
•ail  pinioni  is  mnunted,  inoatlr  on  s 
min  of  wheels  and  |iinions  i^  shown  b; 
power,  a  horse  or  iteain-i^neine,  is  com 
un, lakin 


ids  of  the  wool  sboutd  bt 

to  prnelrate  the  wool  pro- 

eil  as  far  back  as  jiotBiblei 

to  directed  b;  the  varj'iag 

uw  ine  upper  cuiiiu  tu  enter  al  first  •  very   liltk 

(ipcraiion  of  combine  goes  on,  Ihe  frame  with  the 

rluallf,  and  the  relntive  poEJlions  of  the   revolving 

lily  chan=Fd,  the  upper  or   working  needles  are  at 

ielely  through  llie  n-ool,  for  the  purpose  of  combing  out 


ti  should  h 


ceS'iirr  movrnicnts,  a  train  of  toothed  whe«ll 
t  attached  to  the  side  of  the  fnunej  which 
sin  thefisure,toa»oid  confusion.  I1ie  dririnf 
nicateil  by  a  band  to  a  rigger  on  the  shoit  axle 
nto  onn  of  the  wheels  of  the  train.  From  thil 
i,  is  driven  ;  and  alio  by  gear  from  Ihe  now 
:  eccentric  or  heart-wheel  cam,  is  also  actuate^ 


wbeet  the  crank  e,  Ibnt  works  the  1i 

K'  lion,  Ihe  axle  uf  the  w 
t  slower  than  the  crai 

Al  the  end  of  the  alio  of  Ihe  wheel  b,  and  cam  t,  a  bevel  pinion  is  affiird,  which 
gears  into  a  correspond iai:  hevpl  piniim  on  the  end  of  the  lateral  shaA  k.  The  rererse 
cud  ofthis  shan  has  a  worm  or  eiidl.  ss  screw  f,  inkinz  into  a  toothed  wheel  m/  aad 
(his  last-mentioned  tuuthed  wheel  ?r-srs  into  a  rack  al  the  umlcr  part  of  the  frame  g, 
Il  will  hence  be  (lerceivcd,  that  by  the  mowmenls  of  Ihe  train  of  wheels,  a  slow 
motioaisKivenialhefranief.by  which  the  lower 
needles  carrying  the  wool  are  protressiTely  ad- 
vanced as  the  operation  goesoni  and  also,  that  by 
Ihe  other  wheels  of  the  train,  the  heart- wheel  cam 
is  made  to  rotate,  for  Ihe  purpose  of  giving  saah 
varyini  directions  to  the  stndie of  Ihe Icf er  wbicA 
slides  upon  Ms  periphery,  and  lo  Ihe  working 
comb,  a<i  shall  cause  the  comb  to  operalc  gradnaik 
ly  u[ion  Ihe  wool  as  il  is  brought  forward.  Tha 
conrtruelion  of  the  frames  which  hold  the  oecdlei, 
andthemsnneroffiiiDEthem  in  the  machine,  pn> 
aeni  no  features  of  importance;  il  it  iherelbrc  av 
necessary  to  describe  them  farther,  than  to  M^t 
Ihnt  Ihe  heckles  are  lo  be  heated  when  used  fSf 
Coinbini  wool.  Instead  of  iolmdncing  Ihe  wool  (• 
he  combed  into  the  lower'needlea  hy  hand.  It  ii 
sometimes  fvd  in,  by  means  of  an  endless  feolinil- 
elolh,  as  shown  inyig.  iwe.  This  endless  cloth  il 
di'iendi^  over  two  rollers,  which  arc  made  to  ra- 
volvr,  fur  Ihe  purpoae  tl  carri  ins  the  cloth  wilk 
the  wool  forward,  hy  means  of  the  endleaa  screw 
and  pinions.  -«' 

A  sliiht  variatioD  in  Ihe  maehiae  i*  thowa  ag 
fig.  lS07,for  tlie  purpose  of  combing  wool  dTIdic 
fibre,  which  diSers  from  Ihe  loriner  only  in  pladif 
Ihe  comb'  or  needle  points  upon  a  roolviag  if* 
linderorshall.  Al  the  endoTlheutlaaf  thiiriwft 
there  it  a  loothed  wheel,  whieh  li  aeiaaiad  kj  h 
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endlFM  screw  opon  ■  lateral  sbalX.  Hie  axle  of  the  cylinder  on  wbicli  the  nrrdln  are 
flied,  19  mounleJ  in  a  moveable  frame  or  carriage,  in  order  Ihal  the  points  of  the  aeedlet 
mar,  in  the  first  instance,  be  brau^rlit  loaet  upon  [heendtofthe  wool  only,  and  ullimalcll 
be  M>  advanced  as  to  enable  the  whole  length  of  the  fibres  lo  be  drawn  thron![h.  The 
protreraive  advancement  of  Ibis  carriage,  wilh  I  he  needle  cylinder,  is  cffecled  bj  ihe 
■gencf  of  the  endless  screw  on  the  lateral  shaft  before  menlioned. 

Some  coinbin^-Biachines  reduce  the  wool  inio  a  conlinuous  sliier,  which  is  resdjr 
for  the  Jrawing-frame;  but  Ihe  short  alivers  produced  by  Ihe  hand  combing,  must  be 
Snl  joined  together,  by  what  is  called  plaaking.  Ihe  slivers  are  rolled  up  bjr  Ihe 
combers  len  or  twelve  toEclher,  in  balls  called  lops,  each  of  which  weiehs  half  a 
pound.  At  the  spin ning-m ill  these  are  unrolled,  and  the  slivers  are  laid  on  a  long  plaak 
or  trough,  with  Ihe  ends  lapping  over,  in  onler  lo  splice  the  long  end  of  one  sliver  into 
the  short  end  ofanolher.  The  long  end  is  Ibat  which  was  drawn  off  first  from  Ihe  eoiah, 
and  contains  ihe  longer  fibres)  the  short  is  thnt  which  comes  last  from  the  comb,  ud 
eoDUins  the  shorter.  The  wool-comber  lays  all  the  slivers  of  each  ball  Ihe  same  way, 
and  marks  the  long  end  of  each  hy  IwixlinR  np  Ihe  end  of  the  sliver.  II  is  a  cariolB 
cireumslance,  Ihal  when  a  top  or  ball  of  slivers  is  unrolled  and  slrelched  out  slnigh^ 
they  will  nol  separsle  from  each  other  without  tearing  and  breaking,  if  Ibe  separatioa 
is  begun  at  Ihe  short  ends ;  bul  if  Ihey  are  firsi  parted  at  tbe  long  ends,  Ihe;  will  readilf 

The  roachine  for  combing  long  wool,  for  which  Messrs.  Doniithorpe  and  Rawsoa 
obtained  a  paieni  in  April,  183S,  has  been  foand  to  work  well,  and  therefore  meiili 
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fig.  1208,  is  a 
1209  an  end  view;  and  Jig.  ItIO 
a  plan;  in  wbich  a,  a,  is  the 
framing;  i,  Ihe  main  aball,  bear- 
ing a  pinion  which  drives  Ihe 
wheel  and  thaft  r,  in  gear  with  the 
wheel  d,  on  the  sliaR  (.  Upon 
each  of  the  wheels  c  and  i,  ibert 
are  two  projcclions  or  studs  f, 
which  canse  Ihe  action  of  the 
combs  g,  g,  of  which  A,  A,  are  tbe 
tables  or  carriages.  These  are  ca- 
pable of  eliding  along  tbe  Dppa 
guide  rails  of  the  framing  a. 
Through  ihese  carriages  or  tablet 
A,  h,  there  are  openings  or  eliis, 
shown  by  doited  lines,  which  ael 
as  goidcs  lo  the  holders  i,  i,  of  Ibe 
combs  p,  g,  rendering  Ihe  holdcit 

ancles  (o  the  coorse  pursued  bj  the 
tables  h.  The  combs  are  retained  in  Ihe  holders  f,  i,  by  menns  of  the  lever  hnndtesj,  i, 
which  move  upon  inclined  surfaces,  and  nrc  made  to  press  on  Ihe  surface  of  Ihe  heads 
of  the  combs  g,  ;,  so  as  lo  be  retained  in  llieir  places  ;  and  Ihey  are  also  held  by  slndi 
affiled  lo  the  holders,  which  pais  into  Ihe  comb-heads.  From  Ihe  under  side  of  tbe 
tables,  forked  projections  i,  >.  fttai  oiil,  which  pass  Ihrouch  the  openings  or  slits  forinid 
in  Ihe  tables  *  A  (  these  projections  are  worked  from  side  lo  tide  by  Ihe  frame  k,l^ 
which  turning  on  the  aiis  or  shall  /,  /,  is  caused  lo  vibralp,  or  rock  lo  and  fro,  by  lilt 
arms  m,  moved  by  the  eccentric  groove  a,  inndc  lasl  to  the  Eihsfi  «.  The  tables  A,  ait 
drawn  inwards,  by  weights  sospended  on  cords  or  slraps  o,  o,  which  pass  over  friclica 
pulleys  p,  p  ;  whereby  ihe  weights  have  a  conslnnl  tendency  lo  draw  Ihe  combs  into  Ibe 
centre  of  the  machine,  as  soon  as  it  is  relensed  by  Ihe  studs  /,  passim  beyond  the 
projecting  arms  g,  on  the  tables.  On  Ihe  shaft  r,  a  drivinE-lootli  or  catch  r,  is  fixed, 
wbich  lades  into  ihe  ratchet  wheel  i,  and  propels  one  of  lis  (eelh  at  every  revolotlo* 
of  Ihe  shaft  c.  This  ratchet  wheel  turns  on  an  aiis  al  / ;  lo  the  ratchet  ihe  pulley  •  ii 
made  fast,  1 0  which  the  cord  or  hand  w  is  secured,  as  sKo  to  Ihe  pulley  t,  on  the  sbaA 
y.  On  the  shall  y,  there  are  Iwo  other  pnllej's  z,  z,  having  Ihe  cords  or  bands  jt,  s, 
made  fast  lo  them,  and  also  to  Ihe  end  of  the  gaugeplales  b,  furnished  with  giado- 
Bted  steps,  against  which  Ihe  tables  *,  *,  are  drawing  al  each  operation  of  Ihe  machine. 
!■  proportion  as  these  gauze-plales  are  raised,  Ihe  nearer  the  carriages  or  tables  k,  wiS 
be  able  to  advance  lo  the  centre  of  the  machine,  and  Ihos  permit  the  eomls  r,  g, 
to  lay  hnid  of,  and  comb,  adJilinnat  lenEihs  of  Ihe  woolly  fibres.  The  gange-plalc*  i, 
are  guided  up  by  Ihe  bare  c,  which  pass  through  openings,  slott,  or  guide*,  made  ta 
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To  the  ntehel  trheet  t,  an  inelinrd  projeciion  e,  ii  m»dt  TaM,  which  in  tbe  conrM  oT 

Ae  roialiaa  of  Ibe  reichrt  wheat,  comes  under  Ihe  Uier  r,  liied  la  the  shall  a,  ihat  innn 

in  bearings  u.    To  ihis  tttatl  Ihe  levers  i  anil  J,  ar«  also  fixed ;  t  lerT- 

1S09  iog  10  throw  oul  the  eliek  or  calch  i,  from  Ihe  ralchet  wheel,  b;  which 

Ihf  parls  of  Ih*  machine  will  be  releaseJ,  and  rniored  to  posiiioM 

readj  for  swrline  again.     The  lever  J,  sertes  to  slide  the  drum  upon 

Die  driviniifhafti,  oul  of  gear,  bf  means  of  the  forked  handle  L.whec 

the  mnchiiie  is  lo  be  ilopped,  whenev»  il  has  finished  combing  a  cer- 

tBJn  (|iiantUy  of  wool.   The  combs  which  hold  the  wool  have  a  moiion 

upivanl.t,  in  order  to  lake  Ihe  wool  out  of  the  way  of  the  comba  g,  g, 

as  these  are  drawn  inlo  the  cenlre  of  the  machine ;  while  the  holding 

combs  descend  lo  laj  the  wnol  among  the  poinla  of  Ihe  combs  g,  g. 

For  oblainiag  this  upward  and  downward  motion, 

Ihe  combs  u,  u,  are  placed  upon  the  fiarae  k,  and 

retained  (here  jnsl  as  the  comb»g,g,  are  upon  Iht 

hoklers  i,  i.     Ihe  framing  N  is  made  fast  lo  the  bar 

or  sjiindle  o,  whirh  moves  vertically  through  opeo- 

in;>  in  the  cross-head  r,  and  the  cross-framing  at 

the  machine  q ;  f.om  the  lop  of  whieh,  there  is  « 

sirap  passes  over  pulleys  wi[h  a  weight  Bospended 

^_____ -  -lu  1         lo  il  j  ilie  cross-head  being  supported  by  the  Iwo 

wl^^}^^^^ ^il^lrfl  I        ("''''e-fods  a,  fixed  lo  Ihe  cross-framing  q.    Il  is  bT 

V   T^STifl  »('  WI         ""  S"'^*-"^*  ".  «"<■  ">e  spindle  o,  thai  the  frame 

mi- — ^' — °"  "'.i^Ul^i^      «  is  made  lo  move  ap  and  down  ;  while  ihe  gptodle 

is  made  lo  rise  by  ihe  Binds/,  as  Ihe  wheels  c  and  rf 

come  successively  under  Ibe  studs  i,  on  the  spin- 

A  qnantily  of  wool  is  to  he  placed  on  each  of  Ihe 
combs  g,  g,  and  w,  H,  Ihe  machine  being  in  the  po- 
■ilion  shown  in  fig-  l^'O-    When  Ihe  main  shaR  b, 
is  set  in  moiion,  it  will  drive  by  ita  pinion  the  loolb- 
cd  wheel  c,  and  Iherelrom  the  remaiaing  parU  of 
the  machine.    The  firsi  elTecl  of  Ihemovemenl  wIH 
be  lo   raise  Ihe  combs  m,  u,  snffieienlly  high  lo 
remove  the  wood  oul  of  ihe  way 
of  Ihe  combs  g,  g,  which  will  be 
—     ~  drawn  towards  Ihe  cenlre  of  the 

machine,  as  soon  as  ihey  are  re- 
leased by  the  studs/,  passing  Ihe 
projecting  arms  q,  on  Ihe  table* 
A;  but  the  distance  between  the 
combs  g,  g,  and  the  combs  h,  n, 
will  depend  on  the  height  to 
whieh  Ihe  gauge-plales  b,  hare 
been  raised.  Thete  pistes  aK 
raised  one  step  at  each  reToln- 
lion  of  Ihe  ihail  c ;  the  combs  (. 
g,  will  therefne  be  continiulTy 
approaching  more  nearly  lo  the 
much  raised  as  to  permit  Ihe  t  " 


_"ai'tit._ 


-e  being  only 


,  M,  till  Ihe  plates 
proncn  the  plates  B,  below  Ihe  lowest  slep  or  graduation,  when  the 
eoniinue  to  work.  Notwilhsianding  the  plales  b,  continuing  lo  rise,  Ihi 
parallel  surfaces  against  which  the  tables  come,  llie  combs  g,  g,  will  snce 
to  Ihe  same  position,  till  the  inclined  projeciion  e,  on  the  ratchet  wheel  i,  comes  under 
Ihe  lever  r,  which  will  slop  the  machine.  The  wool  which  has  been  combed  is  then  lo 
be  removed,  and  a  fresh  qaanlily  introdaced.  Il  should  be  remarked,  thai  the  combs  g, 
g,  are  continnalty  moving  from  side  lo  side  of  Ihe  machine,  at  ibe  same  lime  that  Ihey  an 
eomhinz  out  ihe  wool.  The  chief  object  of  the  invention  is  obviously  lo  give  the  abon 
peculiar  molions  to  the  combs  g,  g,  and  u,  h  \  which  may  be  applied  also  lo  combing  goat- 
hair. 

For  the  purposes  of  Ihe  worsted  mannfsclnre,  wool  should  be  rendered  inelastic  to  ■ 
eonsnierable  deitree,  so  thai  its  fibres  may  form  long  lines,  capable  of  being  IwiBted  inia 
slmiihl  level  yarn.  Mr.  BaylilTe,  of  Kendal,  has  sought  lo  accomplish  Ihis  ottject, 
first,  by  inlrodueing  into  Ihe  ifraising  machine  a  rapidly  revolving  wheel,  in  conlaet  with 
Ihe  friinl  drawin:  niller,  by  whose  friction  the  fijsments  are  heated,  and  al  the  salM 
lime  dfnrived  of  Ihcir  curling  elasdcily;  secondly,  by  employing  a  moveable  regulating 
roller,  by  which  the  eilent  of  snrfdce  on  the  periphery  of  Ihe  wheel  Ihal  Ihe  kngUia  •! 


imo 
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wool  18  to  act  upon,  may  be  increased  or  diminished  at  pkasore,  and,  ecmaeqiieatly,  iht 
effect  regulated  or  tempered  as  the  quality  of  the  wool  may  require ;  thirdly,  the  CB- 

ploy ment  of  steam  in  a  rotatory  dram,  or  hd- 
^***  lowed  wheel,  in  place  of  the  wheel  first  de- 

scribed, for  the  purpose  of  heating  the  wool, 
in  ihe  process  of  drawing,  in  order  to  facili- 
tate the  operation  of  straighteaing  the 
fibres. 

These  objects  may  be  effected  in  several 
ways ;  that  is,  the  machinery  may  be  Ttri- 
ously  constructed,  and  still  embrace  the 
principles  proposed.  Fig.  1211,  shows  one 
mode:  —  a,  is  the  friction  wheel;  6,  the 
front  drawing  roller,  placed  in  the  drawing 
frame  in  the  same  way  as  usual ;  the  larger 
wheel  a,  constituting  the  lower  roller  of  the 
pair  of  front  drawing  rollers ;  r,  and  d,  are 
the  pair  of  back  drawing  rollers,  which  are 
actuated  by  gear  connected  to  the  front  roll- 
ers, as  in  the  ordinary  construction  of  draw- 
ing machines,  the  front  rollers  moving  very  considerably  faster  than  the  back  rollers,  and, 
consequently,  drawing  or  extending  the  fibres  of  the  sliver  of  wool,  as  it  passes  through 
between  them;  e,  is  a  guide  roller,  bearing  upon  the  periphery  of  the  large  wheel; y^  is 
a  tension  roller,  which  presses  the  fibres  of  the  wool  down  upon  the  wheel  a. 

Now,  supposing  the  back  rollers  c  and  d  to  be  turned  with  a  given  velocity,  and  tiie 
front  roller  b  to  be  driven  much  faster,  the  effect  would  be,  that  the  fibres  of  wool  consti- 
tuting the  sliver,  passing  through  the  machine,  would  be  considerably  extended  betweti 
b  and  d,  which  is  precisely  the  eil'ect  accomplished  in  the  ordinary  drawing  frame;  bat 
the  wheel  a,  introduced  into  the  machine  in  place  of  the  lower  front  drawing  roller,  be- 
ing made  to  revolve  much  faster  than  b,  the  sliver  of  wool  extended  over  the  upper  part 
of  its  periphery  from  6,  to  the  tension  roller  /,  will  be  subjected  to  very  considerable 
friction  from  the  contact;  and,  consequently,  the  natural  curl  of  the  wool  will  be  taken 
out,  and  its  elasticity  destroyed,  which  will  enable  the  wool  to  proceed  in  a  connected 
roving  down  to  the  spindle  or  flier  h,  where  it  becomes  twisted  or  spun  into  a  worsted 
thread. 

In  order  to  increase  or  diminish  the  extent  to  which  the  fibres  of  wool  are  spread  over 
the  periphery  of  the  wheel  a,  a  regulating  roller  is  adapted  to  the  machine,  as  shown  at 
g,  in  place  of  the  tension  roller  /.  This  regulatin?  roller  g,  is  mounted  by  its  pivots  in 
bearings  on  the  circular  arms  h,  shown  by  dots.  These  circular  arms  turn  loosely  upon 
the  axle  of  the  wheel  a,  and  are  raised  or  depressed  by  a  rack  and  a  winch,  not  shown  ia 
the  figure;  the  rack  taking  into  teeth  on  the  periphery  of  the  circular  arms.  It  will 
hence  be  perceived,  that  by  raising  the  circular  arms,  the  roller  g,  will  be  carried  back- 
ward, and  the  hbres  of  wool  pressed  upon  the  periphery  of  the  wheel  to  a  greater  extent. 
On  the  contrai7,  the  depression  of  the  circular  arms  will  draw  the  roller  g,  forward,  and 
cause  the  wool  to  be  acted  upon  by  a  smaller  portion  of  the  periphery  of  the  wheel  a,  and 
consequently  subject  it  to  less  friction. 

When  it  is  des^ired  to  employ  stenm  for  the  purpose  of  heating  the  wool,  the  wheel  a, 
is  formed  as  a  hollow  drum,  and  steam  from  a  boiler,  in  any  convenient  situation,  is  con- 
veyed through  the  hollow  axle  to  the  interior  of  the  drum,  which,  becoming  heated  by 
that  means,  communicates  heat  also  to  the  wool,  and  thereby  destroys  its  curl  and  elas- 
ticity. 

Breaking  frame. — Here  the  slivers  are  planked,  or  spliced  together,  the  long  end  of  oat 
to  the  short  end  of  another;  aAer  which  they  are  drawn  out  and  extended  by  the  rollefS 
of  the  breakins(  frame.  A  sketch  of  this  machine  is  given  in  fig.  1212.  It  consists  of 
4  pairs  of  rollers,  a,  b,  c,  d.  The  first  pair  a,  receives  the  wool  from  the  inclined  troagh 
E,  which  is  the  planking-table.  The  slivers  are  unrolled,  parted,  and  hung  loosely  over 
a  pin,  in  reach  of  the  attendant,  who  takes  a  sliver,  and  lays  it  flat  in  the  trough,  and  the 
end  is  presented  to  the  rollers  a,  which  being  in  motion,  will  draw  the  wool  in ;  the  sliver 
is  then  conducted  throus;h  the  other  rollers,  as  shown  in  the  figure:  when  the  sliver  has 
passe  I  half  throujjh,  the  end  of  another  sliver  is  placed  upon  the  middle  of  the  first,  aad 
they  pass  through  tosether;  when  this  second  is  passed  half  through,  the  end  of  a  third 
IB  applied  upon  the  middle  of  it,  and  in  this  way  the  short  slivers  produced  by  the  comb- 
ing are  joined  into  i>ne  regular  and  even  sliver. 

The  lower  roller  c  receives  its  motion  from  the  mill,  by  means  of  a  pulley  upon  tbt 
#iid  of  its  axis,  and  an  endless  strap.  The  roller  which  is  immediately  over  it,  'u  bont 
down  by  a  heavy  weight,  suspended  from  hooks,  which  are  over  the  pivots  of  the  apper 
ftUer.    The  fourth  pair  of  roUera  d,  moves  with  the  same  velocity  aa  c,  betng  toracd 
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t^  mnnaof  anniitl  whrel  uiwo  (he  rai  of  the  axii  oT  ibe  roller  c,  which  turn*  ■  whMj 
•f  Ibe  wme  lize  upon  the  aik  of  the  roller  d,  by  means  of  ao  inlermeiliate  wheel  d, 
whitb  make*  both  rollers  turn  the  umc  waj  cound.    The  fint  and  second  pain  of 

rollen,  A  and  % 
muve  onlf  one 
tbiid  at  quick  ai 
c  anU  D,  ia  order 
lo  draw  out  the 
■liver  betweea  ■ 
and  c  to  tbrie 
timet    Ibe     length 


The  pini' 


le  rramea;  and  iti 


l>t>nkin| 


a   lar^e    wheel 

fixed   upon   (be 

of   ihe  roller 

ad    tiirned    Uf 

inlermeiuUa 


eommnniMles  between  Ihe  rollers  c  and  d 

•ne  Ihtrd  the  size  of  (he  wheel  a,  c  and  d 

onl;  ialermediale  wheeli.     The  rollers  a  dirn  at  the  saint 

4  is  loaded  with  a  heavy  weielK,  timilar  to  (he  rollers  A; 

are  no  Turther  loaded  than  the  weight  ot  the  rollers. 

The  two  pairs  ot  rollers  A,  a,  and  c,  D,  are  muuntcl  in  9< 
wbUh  contains  Ihe  third  anj  Cuurth  pairs  c,  D,  slides  upoi 
•apports  (he  machine,  in  order  lo  increase  or  diminish  the  distance  between  the  rullen 
■  and  c.  There  is  a  screw/,  bf  which  the  Ciame  of  Ihe  rollers  is  moved,  so  as  lo  a  Ijust 
Ibe  mschine  accordin;  lo  (he  lenilh  of  Ihe  flhre  of  the  wool.  The  SjiBCe  belwrcn  a  and 
C  ahofld  be  mlher  more  than  the  length  of  (he  fibres  of  the  wool.  The  intermedial 
wheels  b  and  c,  are  supported  opon  pieces  o(  iron,  which  ore  moveable  on  centres ;  the 
eenlre  for  the  piece  which  supports  the  wheel  b  is  concentric  with  (he  axis  of  the  roller 
A)  and  the  supporting  piece  fur  the  wheel  c  is  filled  on  (be  centre  of  the  wheel  d,  Bj 
taovini;  (hese  pieces  the  intermediate  wheels  b  and  c  can  be  alWAfs  ke|il  in  ciinlact,  al- 
(bough  (he  distance  between  (he  rollers  is  varied  a(  times.  By  mrans  of  thii  breakinc- 
firmme,  the  perpetual  aliver,  which  is  made  up  by  planking  the  sliver  together,  is  equaj- 
ised,  and  drawn  out  (hree  times  in  length,  and  delivered  into  ihe  can  c. 

Dmaiag  frame. — Three  of  these  cans  are  remo*ed  to  (he  drawing-frame,  which  it 
timilar  (0  the  break ing-fra me,  except  (ho(  there  is  no  planking  (able  e.  There  ara 
S*e  sets  ofruUerr,  all  fixed  upon  one  eominon  fmme  r,  the  break inz-frame,  which  we 
have  described,  being  the  first.  As  fast  as  Ihe  sliver  comes  through  one  set  of  rollers,  it 
it  received  into  a  ean,  and  (hen  (hree  of  these  cans  are  put  together,  and  passed  agaia 
Ibrough  another  gel  of  rollers,  la  the  whole,  Ihe  wool  must  pass  IbrouKh  the  breaker 
and  Tour  d rawi a g- frames  b'erore  the  raving  ii  begun.  The  druugbt  being  asually  loar 
times  at  each  operation  of  dntwing,  and  three  times  in  the  breaking,  (he  whole  will  be 
3  X  1  X  -)  X  4  X  4  =  766  ;  bat  (o  suit  di(lerea(  torU  of  wool,  (he  (hree  last  drawing- 
Oamrs  are  capable  of  making  a  greater  drnughl.  even  to  five  (lines,  by  changing  (he  pio- 
ions  ;  accordingly  (he  draught  wdl  be3x4XSx5x5  =  1900  times. 

The  Mzeofthe  sliver  is  dimiaithed  by  these  repeated  drawings,  because  only  (hree 
slivers  are  put  together,  and  Ihey  are  drawn  out  four  times )  m>  that,  in  the  whole,  the 
tliver  is  [educed  to  a  fourth  or  a  ninth  of  its  original  bulk. 

The  break iag-frame  and  drawing-frame  which  are  osed  when  Ihe  slivers  are  pre- 
pared by  the  com  bin;- machines,  are  dilferently  constructed ;  (bey  have  no  planking- 
,  table,  but  receive  three  of  the  perpetual  slivers  of  the  com bing-mac bine  from  as  mnnr 
tin  cans,  and  draw  them  out  from  ten  lo  twelve  limes.  Id  this  cn.ce,  all  the  four 
rollers  eon(ribu(e  (o  (be  operation  of  drawing :  thus  the  second  mllers  a,  imive  2i 
limes  ns  fast  as  Ihe  rollers  a;  the  third  rollers  c,  move  8  times  as  fast  as  a  j  nnJ  (h« 
foarth  rollers  e,  move  lOt  times  as  fust  as  a.  In  this  case,  the  mLilion  is  given  (i>  the 
diRcrent  rollers  by  means  of  bevelled  wheels,  and  a  horizontal  axis,  which  extend* 
■eroes  the  ends  of  alt  the  four  rollers,  to  communicate  Dio(ioa  from  one  |)air  of  rullcrt  to 

There  are  three  of  these  sysle:na  of  rollers,  which  are  all  mounted  on  tne  aaoM 
ftamci  and  (be  first  one  throoita  which  the  wool  ptMet,  is  called  (he  breakjngJhUHt 
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but  it  does  not  differ  from  the  others,  which  are  called  drawinfr-frames.  The  sliToi 
which  have  passed  through  one  system  of  rollers,  are  collected  foor  or  five  together,  tad 
put  through  the  drawing-rollers.  In  all,  the  silvers  pass  through  three  drawings,  tad 
the  whole  extension  is  seldom  less  than  1000  times,  and  for  some  kinds  of  wool  mach 
greater. 

After  the  drawing  of  the  slivers  is  finished,  a  pound  weight  is  taken,  and  is  measand 
by  means  of  a  cylinder,  in  order  to  ascertain  if  the  drawin?  has  been  properly  conduclvd; 
if  the  sliver  does  not  prove  of  the  length  proposed,  according  to  the  size  of  worsted  whicb 
is  intended  to  be  spun,  the  pinions  of  some  of  the  drawing-frames  are  changed,  lo  make 
the  draught  more  or  less,  until  it  is  found  by  experiment  that  one  pound  of  the  Uiver 
measures  the  required  length. 

Roving-frame. — ^Thb  is  provided  with  rollers,  the  same  as  the  drawine-frames ;  it  ttket 
in  one  or  two  slivers  together,  and  draws  them  out  four  times.  By  this  eiten^ioo,  the 
sliver  becomes  so  small,  that  it  would  break  with  the  slightest  force,  and  it  is  therefore 
necessary  to  give  some  twist ;  this  is  done  by  a  spindle  and  flier.  See  Roving^  ooder 
Cotton  Manufacture. 

Spinning-frame, — This  is  so  much  like  the  roving-frame,  that  a  short  descriplioo 
will  be  sufficient.  The  spindles  are  more  delicate,  and  there  are  three  pairs  of  rolleri, 
instead  of  two;  the  bobbins,  which  are  taken  ofi'  from  the  spindles  of  the  roving* 
frame,  when  they  are  quite  full,  are  stuck  upon  skewers,  and  the  roving  which  proceeds 
from  them  is  conducted  between  the  rollers.  The  back  pair  turns  round  slowly;  tiie 
middle  pair  turns  about  twice  for  once  of  the  back  rollers ;  and  the  front  pair  makes 
from  twelve  to  seventeen  turns  for  one  turn  of  the  back  roller,  according  to  the  degree  of 
extension  which  is  required. 

The  spindles  must  revolve  very  quickly  in  the  spinning-frame,  in  order  to  give  the 
requisite  degree  of  twist  to  the  worsted.  The  hardest  twisted  worsted  is  called  taminy 
warp ;  and  when  the  size  of  this  worsted  is  such  as  to  be  20  or  24  hanks  to  the  poond 
weight,  the  twist  is  about  10  turns  in  each  inch  of  length.  The  least  twist  is  given  to 
the  worsted  for  fine  hosiery,  which  is  from  18  to  24  hanks  to  the  pound.  The  twist  ii 
from  5  to  6  turns  per  inch.  The  degree  of  twist  is  regulated  by  the  size  of  the  whirls  oi 
pulleys  upon  the  spindle,  and  by  the  wheel-work  which  communicates  the  motion  to  llie 
front  rollers  from  the  band-wheel,  which  turns  the  spindles. 

It  is  needless  lo  enter  more  minutely  into  the  description  of  the  spinnin?  machinerr, 
because  the  fluted  roller  construction,  invented  by  Sir  Richard  Arkwri?ht,  fully  described 
under  Cotton  Manufacture,  is  equally  applicable  to  worsted.  The  ditlerence  l»- 
tween  the  two  is  chiefly  in  the  distance  between  the  rollers,  which,  in  the  worsted-frame, 
is  capable  of  being  increased  or  diminished  at  pleasure,  according  to  the  lensth  of  tbe 
fibres  of  the  wool ;  and  the  draught  or  extension  of  the  roving  is  far  greater  than  in  the 
cotton. 

Reeling, — The  bobbins  of  the  spinning-frame  are  placed  in  a  row  upon  wires  before 
a  long  horizontal  reel,  and  the  threads  from  20  bobbins  are  wound  ofi'  together.  The 
reel  is  exactly  a  yard  in  circumference,  and  when  it  has  wound  ofl'  80  turn«,  it  rinss  a 
bell ;  the  motion  of  the  reel  is  then  stopped,  and  a  thread  is  passed  round  the  80  turns 
or  folds  which  each  thread  has  made.  The  reeling  is  then  continued  till  another  80 
yards  is  wound  oflT,  which  is  also  separated  by  interweaving  the  same  thread;  each  of 
these  separate  parcels  is  called  a  ley,  and  when  7  such  leys  are  reeled,  it  is  called  a  Kank, 
which  contains  560  yards.  When  this  quantity  is  reeled  oflj  the  ends  of  the  binding 
thread  are  tied  together,  to  bind  each  hank  fust,  and  one  of  the  rails  of  the  reel  is  struck 
to  loosen  the  hanks,  and  they  are  drawn  off  at  the  end  of  the  reel.  These  hanks  are 
next  hung  upon  a  hook,  and  twisted  up  hard  by  a  stick ;  then  doubled,  and  the  two  parts 
twisted  together  to  make  a  firm  bundle.  In  this  state,  the  hanks  are  weighed  by  a  small 
index  machine,  which  denotes  what  number  of  the  hanks  will  weigh  a  pound,  and  they 
are  sorted  accordingly  into  different  parcels.  It  is  by  this  means  that  the  number  of  the 
worsted  is  asceitnined  as  the  denomination  for  its  fineness  :  thus  No.  24  means,  that  24 
hanks,  each  containing  560  yards,  will  weigh  a  pound,  and  so  on. 

This  denomination  is  diflerent  from  that  used  for  cotton,  because  the  hank  of  cottoa 
contains  840  yards,  instead  of  560 ;  but  in  some  places  the  worsted  hank  is  made  of  the 
same  length  as  the  cotton. 

To  pack  up  the  worsted  for  market,  the  proper  number  of  hanks  is  collected  lo  make 
a  pound,  according  to  the  number  which  has  been  ascertained  ;  these  are  weighed,  as  a 
proof  of  the  correctness  of  the  sorting,  then  tied  up  in  bundles  of  one  |!Ound  each,  aad 
four  of  these  bundles  are  again  tied  together.  Then  60  such  bundles  are  packed  up  in  a 
sheet,  making  a  bale  of  240  pounds,  ready  for  market. 

Of  the  treatment  of  short  tcool  for  the  cloth  manufacture. — Short  wool  resembles  cotloi 
not  a  little  in  the  structure  of  its  filaments,  and  is  cleaned  by  the  irt//y,  as  cotton  is  bf 
the  willow,  which  opens  up  the  matted  fleece  of  the  wool-stapler,  and  deans  it  from 
•ecidental  impurities.    Sheep's  wool  for  working  into  coarse  goods,  must  be  passed  le- 
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pMlrdl;  Ihronah  Ihis  mschinf ,  bnlh  hefiiie  nnj  »(ler  il  i«  dyed ;  the  itcond  l»st  lime  for 
tbe  piiryiosK  of  htendine  llie  dill'rienl  *oit!  luzclliei',  and  the  lasl  lor  imbuing  llie  Gbret 
inliimlHv  with  oil.  The  oiled  waul  in  neil  RiihjeeleJ  id  ■  fini  carding  operalian  cilled 
$rribhtine,  wherrbf  it  i»  convrrteil  inlu  a  lirusd  Ihin  flrece  or  lap,  as  Cotton  U  by  the 
lwpiker-e-ird«  of  a  culloa  mill.  The  w.pollen  lap  a  Iheo  wurhed  by  Ihe  eords  proper, 
iTliicli  drliver  il  in  a  narrov  liand  or  Oliver.  By  ihis  proceu  the  vool  eximnd»  areallf 
in  nil  ilB  iliiiieiiticnR  i  while  [he  hrciken  or  Khiirl  filamenlo  tel  Fnlanitleil  by  cropsin;;  ih 
every  p«i»ible  ilireclidB,  wliieb  pre|iarci  [bein  for  ihe  TuUing  operation.     See  Carding, 

nnilT  COTTOK  MtHDrACTtlBK 

The  Jntbiag  marhiut,  at  bitly,  reduces  the  wparale  rolls  of  cardhigi  into  a  conlinuoDi 
•lighity  InristeJ  tponij}  eord,  which  is  sofneiiinet  called  a  roving,    i'ig.  1S13  it  ■  pei- 


1,  D,  which  runs  upon  Ihe  lower 
.  I,  »,  to  inaKc  It  more  easily  backwards  end  Cat- 
10  oilier.     The  carriaie  eonlaioa  a  teriet  of  tted 
,    ,  ipiti  rotation  from  a  lon»  tin  drum  r,  hj  meant  of 

ml»  pasiin!  ruiinil  the  pullt-y  ur  whurl  of  each  ipindle.  This  drum,  6  inche* 
in  diimf  tpr,  'n  covered  wllli  pai'cr,  and  extends  across  the  whole  breadth  of  tbe  carTia^e. 
The  spiiidlrs  are  Kt  neitrly  unrkht  In  a  fratnr,  and  about  4  inches  apart ;  their  under 
end*  beinn  puinleil  conicaily,  turn  in  brass  sockets  called  steps,  and  are  retained  in  their 

CiliiHi  hy  a  MnAll  brass  cillel,  which  embracex  each  spindle  at  about  the  middle  of 
lenalh.  The  upper  hnlfi.f  t^ach  spinille  projecli  above  the  top  of  the  IVame.  Tb« 
drum  revrilves  huriiuntnlly  hrfure  llie  spindles,  liavini  its  axil  a  little  below  the  line  of 
the  whiirls )  nnd  receives  molinn,  by  a  pulley  at  one  of  Us  ends,  from  an  endless  butd 
Which  |w<H-s  ronnd  a  wheel  K,  like  the  larjtc  diimeslie  wheel  formerly  gard  in  spinniwi 
woiil  by  han.l,  and  of  similar  dimi^n-ioni.  This  wheel  is  placed  upon  tbe  oultiile  of 
the  main  frame  of  Ihe  machine,  and  hag  its  fhatlf  supported  by  Dprighl  standards  upon 
llie  carriase  d.  It  i<  turnc'l  hy  the  spinner  |dace<l  at  Q,  with  his  ri;ht  band  applied  t«  a 
winch  H,  which  sivrs  moiiaa  to  Ihe  drum,  and  thereby  causea  the  spindLt  to  remlve 
with  emu  velocity. 

Eiich  spindle  receives  a  sofl  cylinder  or  citrdin;  of  wool,  which  comes  Ibrontb  beneatk 
■  woolen  rollerc,  cat  Ihennecndoflhe  rrame.    This  is  the  £ii/y  roJ/er,  so  much  talked 

instrumeni  of  cruel  punishment  lo  cliillren,  though  no  tach  tnachine  has  been  used  iB 
cotton  millt  f.ir  hill"  a  crninry  at  least,  Theae  woollen  rolls  proceed  lo  the  teiiet  of 
■l>i«lles,  slandinc  in  the  carriaze,  in  nearly  ■  horiiontal  plane.  By  Ihe  allemale  adiaan 
and  retrrnl  oT  Ihe  canioae  u|Hin  its  railway,  the  tpindtet  are  made  to  approach  to,  and 
receile  from,  the  roller  c,  wiih  (he  efleei  of  drawing  out  a  given  length  of  Ihe  tod  coi^ 
with  any  de.irddeuree  of  twist,  in  the  followins  manner:— 

The  cnrdinz   roll*  are  laid  down   siraiirht,  aide  by  aide,  upon  the  endlcM  eiolk, 
•trained  in  an  inclined  direeiiua  between  two  rollcn,  one  of  which  it  km  U  a,  aad  Ik* 
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other  liPS  behind  c.  One  carding  is  allotted  to  a  spindle ;  the  total  number  of  eaeb  ii 
one  machine  being  from  50  to  100.  The  roller  c,  of  light  wood,  presses  gently  wilfc 
its  weigiit  upon  the  cardings,  while  they  move  onwards  over  the  endless  cloth,  with  the 
running  out  of  the  spindle  carriage.  Immediately  in  front  of  the  said  roller,  there  is  • 
horizontal  wooden  rail  or  bar  o,  with  another  beneath  it,  placed  across  the  frame.  The 
carding  is  conducted  through  between  these  two  bars,  the  moveable  upper  one  beiag 
raised  to  let  any  aliquot  portion  of  the  roll  pass  freely.  When  this  bar  is  again  kl 
down,  it  pinches  the  spongy  carding  fast ;  whence  this  mechanism  is  called  the  clts|». 
It  is  in  fact  the  clove,  originally  used  by  Hargreaves  in  his  cotton-jenny.  The  moveable 
upper  rail  c,  is  guided  between  sliders,  and  a  wire  7,  descends  from  it  to  a  lever  c 
When  the  spindle  carriage  d,  d,  is  wheeled  close  home  to  the  billy  roller,  a  wheel  5,  liAi 
the  end  6  of  the  lever,  which,  by  the  wire  7,  raises  the  upper  bar  or  rail  g,  so  as  to  open 
the  clasp,  and  release  all  the  card  rolls.  Should  the  carriage  be  now  drawn  a  little  way 
from  the  clasp  bars,  ii  would  tend  to  pull  a  corresponding  length  of  the  cardings  forwtri 
fiom  the  inclined  plane  b,  c.  There  is  a  small  catch,  which  lays  hold  of  the  upper  bir 
of  the  clasp  g,  and  hinders  it  from  falling  till  the  carriage  has  receded  to  a  certain  dii* 
tance,  and  has  thereby  allowed  from  7  to  8  inches  of  the  cardings  to  be  taken  ont.  A 
stop  upon  the  carriage  then  comes  against  the  catch,  and  withdraws  it ;  thus  allowing  the 
upper  rail  to  fall  and  pinch  the  carding,  while  the  carriage,  continuing  to  recede,  dram 
out  or  stretches  that  portion  of  the  roll  which  is  between  the  clasp  and  the  spindle  pointt. 
But  during  this  time  the  wheel  has  been  turned  to  keep  the  spindles  revolving,  conunnni- 
eating  the  proper  degree  of  twist  to  the  cardings  in  proportion  to  their  extension,  so  as  to 
prevent  them  from  breaking. 

It  might  be  imagined  that  the  stubbing  cords  would  be  apt  to  coil  round  the  spindles; 
but  as  they  proceed  in  a  somewhat  inclined  direction  to  the  clasp,  they  receive  merely  t 
twisting  motion,  continually  slipping  over  the  points  of  the  spindles,  without  getting 
wound  upon  them.  Whenever  the  operative  or  slubber  has  given  a  due  degree  of  twist 
to  the  rovings,  he  sets  about  winding  them  upon  the  spindles  into  a  conical  shape,  for 
which  purpose  he  presses  down  the  faller-wire  8,  with  his  le(\  hand,  so  as  to  bear  it  dowi 
from  the  points  of  the  spindles,  and  place  it  opposite  to  their  middle  part.  *  He  next  makes 
the  spindles  revolve,  while  he  pushes  in  the  carriage  slowly,  so  as  to  coil  the  slobbing 
upon  the  spindle  into  a  conical  cop.  The  wire  8,  regulates  the  winding-on  of  the  whole 
series  of  slubbin^s  at  once,  and  receives  its  proper  angle  of  depression  for  this  porpoie 
from  the  horizontal  rail  4,  which  turns  upon  pivots  in  its  ends,  in  brasses  fixed  on  tbe 
standards,  which  rise  from  the  carriage  d.  By  turning  this  rail  on  its  pivots,  the  wire 8 
may  be  raised  or  lowered  in  any  degree.  The  slubber  seizes  the  rail  4  in  his  left  hand, 
to  draw  the  carriage  out ;  but  in  returning  it,  he  depresses  the  faller-wire,  at  the  sane 
time  that  he  pushes  the  carriage  before  him. 

The  cardings  are  so  exceedingly  lender,  that  they  would  readily  draw  out,  or  eves 
break,  if  they  were  dragged  with  friction  upon  the  endless  cloth  of  the  inclined  plane. 
To  save  this  injurious  traction,  a  contrivance  is  introduced  for  moving  the  apron.    A  cord 
is  applied  round  the  groove  in  the  middle  part  ot'  the  upper  roller,  and  aAer  passing  over 
pulleys,  as  shown  in  the  figure,  it  has  a  heavy  weight  hung  at  the  one  end,  and  a  light 
weight  at  the  other,  to  keep  it  constantly  extended,  while  the  heavy  weight  tends  to 
turn  the  rollers  with  their  endless  cloth  round  in  such  a  direction  as  to  bring  forwaii 
tke.  rovings,  without  putting  any  strain  upon  them.     Every  time  that  the  carriage  ii 
pushad  home,  the  larger  weight  gets  wound  up;  and  when  the  carriage  is  drawn  oit| 
the  greater  weight  turns  the  roller,  and  advances  the  endless  apron,  so  as  to  deliver  the 
carding  at  the  same  rate  as  the  carriage  runs  out ;  but  when  the  proper  quantity  isd^ 
livered,  a  knot  in  the  rope  arrives  at  a  fixed  stop,  which  does  not  permit  it  to  move  aiT 
further ;  while  at  the  same  instant  the  roller  5  quits  the  lever  6,  and  allows  the  upper  nfl 
G,  of  the  clasp  to  fall,  and  pinch  the  carding  fast ;  the  wheel  e,  being  then  set  in  rooCioa, 
makes  the  spindles  revolve ;  and  the  carriage  being  simultaneously  drawn  out,  exteidi 
the  slubbings  while  under  the  influence  of  twisting.    In  winding  up  the  slubbings,  tke 
operative  must  take  care  to  push  in  the  carriage,  and  to  turn  the  wheel  round  at  suck 
rates  that  the  spindles  will  not  take  up  faster  than  the  carriage  moves  on  its  railwty, 
or  he  would  injure  the  slubbings.     The  machine  requires  the  attendance  of  a  chiki,  to 
l>ring  the  cardings  from  the  card-en?ine,  to  place  them  upon  the  sloping  feed-cloth,  and  to 
join  the  ends  of  the  fresh  ones  carefully  to  the  ends  of  the  others  newly  drawn  under  the 
roller.    Slubbings  intended  for  warp-yarn  must  be  more  twisted  than  those  for  weft; 
but  each  must  receive  a  degree  of  torsion  relative  to  the  quality  of  wool  and  of  the  ck)U 
intended  to  be  made.     In  general,  however,  no  more  twist  should  be  given  to  the  slib- 
liings  than  is  indispensable  for  enabling  them  to  be  drawn  out  to  the  requisite  slender- 
•MS  without  breaking.    This  twist  forms  no  part  of  the  twist  of  the  finished  yarn,  ki 
llie  slubbing  will  be  twutted  in  the  contrary  direction,  when  spun  afterwards  in  the  jw| 
or  mule. 

I  may  here  remark,  that  various  machines  have  been  eonttracted  of  lite  yetn  fo 
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MtkinfT  continuous  card-ends,  and  slubbings,  in  imitation  of  the  carding  and  roving  of 
tfte  Cotton  Manufacture;  to  which  article  I  therefore  refer  my  reailers.  The  wool 
riobbinss  are  now  spun  into  yarn,  in  many  factories,  by  means  of  the  mule.  Indeed,  I 
iMve  seen  in  France  the  finest  yarn,  for  the  mousselirie'de-laine  fabrics,  beautifully  spun 
opon  the  self-actor  mule  of  Sharp  and  Roberts.* 

Tentiring. — When  thecloih  is  returned  from  the  fulling-mill  (which  see),  it  is  stretched 
upon  the  tenter-frame,  and  left  in  the  open  air  till  dry. 

In  the  woollen  manufacture,  as  the  cloth  suffei  s,  by  the  operation  of  the  fulling-mill,  a 
shrinkage  of  its  breadth  to  well  nigh  one  half,  it  must  at  first  be  woven  of  nearly  double 
jU  intended  width  when  finished.  Superfine  six-quarter  broad  cloths  must  therefore  be 
turned  oat  of  the  loom  twelve  quarters  wide. 

Burling  is  the  name  of  a  process,  in  which  the  dried  cloth  is  examined  minutely  in  every 
p«rt,  freed  from  knots  or  uneven  threads,  and  repaired  by  sewing  any  little  rents,  or  in- 
serting soand  yarns  in  the  place  of  defective  ones. 

Teasling, — The  object  of  this  operation  is  to  raise  up  the  loose  filaments  of  the 
Woollen  yarn  into  a  nap  upon  one  of  the  surfaces  of  the  cloth,  by  scratching  it  either 
with  thistle-heads,  called  teasels,  or  with  teaslins-cards  or  brushes,  made  of  wire.  The 
natural  teasels  are  the  balls  which  contain  the  seeds  of  the  plant  called  Dipsactu  fiU- 
iorum ;  the  scales  which  form  the  bails  project  on  all  sides,  and  end  in  sharp  elastie 
lioints,  that  turn  downwards  like  hooks.  In  teasling  by  hand,  a  numbef  of  these  balls 
nre  put  into  a  small  wooden  frame,  having  crossed  handles,  eight  or  ten  inches  long ; 
nod  when  thus  .filled,  furm  an  implement  not  unlike  a  curry-comb,  which  is  used  by 
two  men,  who  seize  the  teasel-frame  by  the  handles,  and  scrub  the  face  of  the  cloth, 
hung  in  a  vertical  position,  from  two  horizontal  rails,  made  fast  to  the  ceiling  of  the 
workshop.  First,  they  wet  the  doih,  and  work  three  times  over,  by  strokes  in  the 
direction  of  the  warp,  and  next  of  that  of  the  weft,  so  as  to  raise  all  the  loose 
fibres  from  the  felt,  and  to  prepare  it  for  shearing.  In  large  manufactories,  this 
dressing  operation  is  performed  by  a  machine  called  a  gig-mill,  which  originally  con- 
sisted, and  in  most  places  still  consists,  of  a  cylinder  bristled  all  over  with  the  thistle- 
heads,  and  made  to  revolve  rapidly  while  the  cloth  is  drawn  over  it  in  a  variety  of 
directions.  If  the  thistle  be  drawn  in  the  line  of  the  warp,  the  points  act  more  effi- 
caciously upon  the  weft,  being  perpendicular  to  its  softer  spun  yarns.  Inventors  who 
have  tried  to  give  the  points  a  circular  or  oblique  action  between  the  warp  and  the 
weft,  proceed  apparently  upon  a  false  principle,  as  if  the  cloth  were  like  a  plate  of 
Metal,  whose  substance  could  be  pushed  in  any  direction.  Teasling  really  consists  in 
dnrwing  out  one  end  of  the  filaments,  and  leaving  the  body  of  them  entan£ltd  in  the 
eloth ;  and  it  should  seize  and  pull  them  perpendicularly  to  their  length,  because  in 
this  way  it  acts  upon  the  ends,  which  being  least  implicated,  may  be  most  readily 
disengaged. 

When  the  hooks  of  the  thistles  become  clogged  with  flocks  of  wool,  they  must  be 
taken  out  of  the  frame  or  cylinder,  and  cleaned  by  children  with  a  small  comb.  Moisture, 
moreover,  softens  their  points,  and  impairs  their  teasling  powers;  an  eflfect  which  needs 
to  be  counterbalanced,  by  taking  them  out,  and  diying  them  from  time  to  time.  Many 
contrivances  have,  therefore, been  proposed  in  which  metallic  teaselsofan  unchangeable  na- 
tore,  mounted  in  rotatory  machines,  driven  by  power,  have  been  substituted  fur  the  vege* 
tnble,  which  being  required  in  prodigions  quantities,  becomes  sometimes  excessively  searat 
snil  dear  in  the  clothing  districts.  In  1818,  several  schemes  of  that  kind  were  patented  in 
France,  of  which  those  of  M.  Arnold-Merick,  and  of  MM.  Taurin  frfires,  of  Klboeuf,  are 
described  in  the  16lh  volume  of  Brevets  d*Invtntion  expires,  Mr.  Daniell,  cloth  roanufae- 
tvrer  in  Wills,  renewed  this  invention  under  another  form,  by  making  his  rotatory  cards 
with  two  kinds  of  metallic  wires,  of  unequal  length  ;  the  one  set,  long,  thin,  and  delicate, 
representing  the  points  of  the  thistle;  the  other,  shorter,  stiffer,  and  blunter,  being  in- 
tended to  stay  the  cloth,  and  to  hinder  the  former  from  entering  too  far  into  it.  But  none 
of  these  processes  have  succeeded  in  discarding  the  natural  teasel  from  the  most  eminent 
manufactories. 

The  French  sovernment  purchased,  in  1807,  the  patent  of  Douglas,  an  English  me- 
ehanist,  who  had,  in  1802,  imported  into  France  the  best  system  of  gig-mills  then  used 
ia  the  west  of  England.  A  working  set  of  his  machines  having  been  placed  in  the  Cfm^ 
Mtrvaimre  dt»  JhtSy  for  public  inspection,  they  were  soon  introduced  into  most  of  the 
French  establishments,  so  as  generally  to  sui)ersede  teasling  (lainage)  by  hand.  A  de- 
Motion  of  them  was  published  in  the  third  volume  of  the  Brtvttt  d'lnieiUion,  The  foUow- 
kif  is  an  onttine  of  some  subsequent  improvements  : — 

I.  As  it  was  imagined  that  the  seesaw  action  of  the  hand  operative  was  in  some  re- 
s|MiC0  more  efleetual  than  the  uniform  rotation  of  a  gig-mill,  this  was  attempted  to  be 
iiiinifwt  by  an  alternating  moyenient. 

*  •••  this  idinWilils  aoicUaa  fully  ittoribtd  sad  dtUatated  in  my  C«fCM  MmmfteiMrs  «f  Grtti  BriUta, 

fiLIL 
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2.  Olbfn  conceiTed  t*iat  the  seesaw  motion  wm^  not  essential,  bat  that  it  wv  adttv 

tageuus  to  make  the  teasels  or  cards  act  in  a  rectilinear  direciioo,  a«  in  working  by  tiaa4: 
this  action  was  attempted  by  placing  the  two  ends  of  the  leaseMVaiue  in  gruove^  foiinei  like 
the  tetter  d,  so  that  the  teasel  should  act  on  the  clolh  only  when  it  came  iuto  the  rcciil- 
linear  parL  Mr.  Wells,  machtne-maker,  of  Manchester,  obuinei  a  patent,  in  IKJi,  kt 
this  con»1ruclion. 

3.  It  was  9iipposeil  that  the  teasels  should  not  act  perpendicularly  to  the  wd\,b9t 
obliquely  or  circularly  ii|)on  the  face  of  the  cluth.  Mr.  Ferrabee,  of  Gloucester,  paient- 
ed,  in  1H30,  a  )>cheme  of  this  kind,  in  which  lite  teasels  are  inuunled  upon  two  endless  cbtias, 
which  traverse  from  the  middle  of  the  web  to  the  se  va^ze  or  list,  one  to  the  ricbi,aad 
another  to  tiie  left  hand,  while  the  cluth  itself  passe;*  under  them  with  such  a  vebcitj, 
that  the  eflfect,  or  rtsuUaiU,  is  a  diagonal  action,  dividing  into  two  equal  |iart5  the  rec- 
tangle formed  by  the  weft  and  warp  yarns.  Three  patent  machines  of  Mr.  Geiir2e  Oi4- 
land— the  first  in  1830,  the  second  and  thini  iu  1832— ail  proceed  upon  this  prioeii-k. 
In  the  first,  the  teasels  are  mounted  U|>on  di^^cs  made  to  turn  flat  upon  the  surface  of  the 
clulh;  in  the  second,  the  rotating  discs  are  pressed  by  cuikserew  spiral  springs  agiioM 
the  cloth,  which  is  $up|>orled  by  an  elastic  cushion,  also  pressed  against  the  discs  bj 
springs ;  and  in  the  third  machine,  the  revolving  discs  have  a  larger  diameter,  and  liKf 
turn,  not  in  a  horizontal,  but  a  vertical  plane. 

4.  Others  fancii'd  that  it  would  be  benelicial  to  support  the  reverse  side  of  the  clotk 
by  flat  hird  Surfiices,  while  acting  U|K)n  its  face  with  cards,  or  teasels.  Mr.  Jo»epii 
Cliseld  Daniell,  having  stretched  the  cloth  upon  smooth  level  stonesi,  teasels  them  b? 
hand.  5.  Messrs.  Charlesworth  and  Mellor  obtained  a  patent,  in  1829,  for  soppcniof 
the  back  of  the  cloth  with  elastic  surfaces,  while  the  part  was  exposed  to  the  leai^lifii 
action.  6.  £lasticiiy  has  also  been  imparted  to  (he  teasels,  in  the  three  patent  iofeit* 
tions  of  Mr.  Sevill,  Mr.  J.  C.  Daniell,  and  Mr.  K.  Atkinson.  7.  It  has  been  tbougbt 
useful  to  separate  the  teasel-frames  upon  the  drum  of  the  gig-mill,  by  simple  rollers,  or 
by  rollers  heated  with  steam,  in  order  to  obtain  the  combined  eli'ect  of  calendehaf 
and  teasling.  Mr.  J.  C.  Daniell,  Mr.  G.  Haden,  and  Mr.  J.  Rayner,  have  obisiaed 
patents  for  contrivances  of  this  kind.  8.  Several  French  schemes  have  been  uiooDled 
for  making  the  gig-drum  act  upon  the  two  sides  of  the  clolh,  or  even  to  mount  iwo  drams 
on  the  same  machine. 

Mr.  Jones,  of  Leeds,  contrived  a  very  excellent  method  of  stretching  the  cloth,  sou 
to  prevent  the  formation  of  folds  or  wrinkles.  (See  Newton's  Journal,  vol.  viii.,  U 
series,  pase  126.)  Mr.  Collier,  of  Taris,  obtained  a  patent,  in  1830,  for  a  srestlj 
improved  gi?-mill,  upon  Douglas's  plan,  which  is  now  much  esteemed  by  the  Freod 
clothiers.  The  folluwin?  figures  and  description  exhibit  one  of  the  latest  and  best  tea^lisf 
machines.  It  is  the  invention  of  M.  Dubois  and  Co.,  of  Louviers,  and  is  now  doiagei- 
cellent  work  in  that  celebrated  seat  of  the  cloth  manufacture. 

In  the  fulling-mill,  the  woollen  web  acquires  body  and  thickness,  at  the  expense  of 
its  other  dimensions  ;  for  bein?  thereby  reduced  about  one  third  in  length,  and  one  half 
in  hrealth,  its  surface  is  diminished  to  one  third  of  its  size  as  it  comes  out  of  the  loom; 
and  it  has,  of  course,  increased  threefold  in  thickness.  As  the  filaments  drawn  (ofik 
by  teasling  are  of  very  unequal  lengths,  they  must  be  shorn  to  make  them  level,  tsd 
with  different  decrees  of  closeness,  according  to  the  quality  of  the  stuIF,  and  the  ap- 
penmnce  it  is  desired  to  have.  But,  in  general,  a  single  operation  of  each  kind  h  in- 
sufficient; whence,  after  having  passed  the  clolh  once  through  the  gig-mill  and  oace 
throuih  the  shearin?-machine  (tondeuse),  it  is  ready  to  receive  a  second  teaslin?,  deeper 
than  the  first,  and  then  to  suffer  a  second  shearing.  Thus,  by  the  alternate  repetitiM 
of  these  processes,  as  often  as  is  deemed  proper,  the  cloth  finally  acquires  its  wished-fcf 
appearance.  Both  of  these  operations  are  very  delicate,  especially  the  first ;  and  if  tbey 
be  ill  conducted,  the  cloth  is  weakened,  so  as  to  tear  or  wear  most  readily.  On  the  other 
hand,  if  they  be  skilfully  executed,  the  fabric  becomes  not  only  more  sightly,  but  it  ic- 
quires  strength  and  durabiliiy,  because  its  face  is  changed  into  a  species  of  fur,  which 
protects  it  fiom  friction  and  humidity. 

Fij(.t.  1214,  1215,  represent  the  gig-mill  in  section,  and  in  front  elevation,  a,  b,  c,d, 
a',  b',  c',  d',  being  the  strong  frame  of  iron,  cast  in  one  piece,  having  its  feet  enlarged 
a  liltle  more  to  the  inside  than  to  the  outside,  and  bolted  to  large  blocks  in  the  stooe 
pavement.  The  two  uprights  are  bound  toselher  below  by  two  cross-beams  a', 
beiiijr  fastened  with  screw-bolts  at  the  ears  a",  a" ;  and  at  top,  by  the  wrousht-iron 
strelcher-rod  d,  whose  enils  are  secured  by  screw-nuts  at  d,  d'.  The  drum  is  mounted 
upon  a  wrought-iron  shaft  f,  which  bears  at  its  right  end  (fig,  1216),  exterior  to  the 
frame,  the  usuni  riggers,  or  fast  and  loose  pulley,  ff\,r  which  give  motion  to  the 
maciiinc  by  a  band  from  the  main  shaA  of  the  mill.  On  its  right  end,  within  the  frame, 
the  shaft  f,  has  a  bevel  wheel  f',  for  transmitting  movement  to  the  cloth,  as  shall  be 
afterwards  explained.  Three  crown  wheels  g,  of  which  one  is  shown  in  the  section, 
fig,  1214,  are,  as  usual,  keyed  by  a  wedge  to  the  shaA  f.    Their  eoatour  is  a  sinnoos 
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band,  with  six  spmi-cylindrical  hollows,  separated  alternately  by  as  many  poitiOBiaf 
the  |>eriphei'y.  One  of  these  three  wheels  is  placed  in  the  middle  of  the  «haA  f,  and  tkc 
other  two,  towards  its  extremities.  Their  size  may  be  judged  of,  from  inspection  oTj^. 
1214.  After  having  set  them  so  that  all  their  spokes  or  radii  eorrespond  exactly,  the  16 
sides  If,  are  made  fast  to  the >  16. portions  of  the  periphery,  which  correspond  in  thetkm 
whce1^i.  These  sides  are  made*  of  sheet  iron,  curved  in»o  a  gutter  form,^g.  1214,  bntrooad- 
ed  oHTat  the  end,/^.  1215^and  each  of  them  is  fixed  to  the  three  felloes  of  the  wheels  bf 
three  bolts  h.  The  elastic  part  of  the  plate  iron  allows  of  their  being  safBciently  wrilai 
justed,  so  that  their  flat  portions  furthest  from  the  centre  may  lie  pretty  traly  on  a  cyliadncal 
surface,  wliuse  axis  would  coincide  with  that  of  the  shaA  r. 

Between  the  16  sides  there  are  16  intervaU,  which  correspond  to  the  16  bolloviBti 
«r  each  of  the  wlicels.  Into  these  iater\'als  are  adjusted,  with  proper  precaotioo. 
16  frames  bearing  the  teasels  which  are  to  act  upon  the  cloih.  These  are  fitted  in  ti 
follows : — Kach  has  the  shape  of  a  rectangle,  of  a  lencih  equal  to  tbat  of  the  drue, 
but  their  breadth  only  large  enoueh  to  contain  two  thistle-heads  set  end  to  end. 
thus  makin:^  two  rows  of  parallel  teasels  throughout  the  entire  length,  (see  the  coBbnr 
in  yig.  1214.)  A  portion  of  the  frame  is  represented  in  fit:.  1216.  The  large  sirfei, 
ai.am$t  which  the  tops  of  the  teasels  rest,  is  hollowed  out  into  a  semi  cylinder,  and  its 
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opposite  side  is  cleft  throughout  its  whole 
length,  to  receive  the  tails  of  the  teaseli, 
which  are  seated  and  compressed  in  it.  There 
are,  moreover,  cross-bars  i,  which  serve  to 
maintain  the  sides  of  the  frame  i,  at  as  isn- 
riable  distance,  and  to  form  short  coo^iart- 
ments  for  keeping  the  thistles  compact.   The 
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ends  are  fortified  by  stronger  bars  k,  k,  with  projeating  bolts  to  fasten  the  fraines 
between  the  rib«.'  The  distance  of  the  sides  of  the  frame  i,-i%  ought  to  be  such,  ibil 
if  a  frame  be  hiid  upon  the  drum,  in  the  interval  of  two  ribs,  the  side  i  will  rest  upas 
the  inclineil  plane  of  one  of  the  ribs,  and  the  side  i'  upon  the  inclined  plane  of  tke 
other  (bee  Jig;.  1214) ;  while  at  the  same  time  the  bars  fc,  of  the  two  ends  of  the  franK, 

rest  upon  the  flat  parts  of  the  ribs  thcm^^lves.  Hiis 
point  being  secured,  it  is  obvious,  that  if  the  ends  of 
the  bars  k  he  stopped,  the  frame  will  be  made  fast 
But  they  need  ^ot  be  fixed  in  a  permanent  man- 
ner, because  they  must  be  frequently  removed 
and   replaced.        They   are   fastened    by   the  clamp 

■  /^ ~~ \         Cy*?*'  1217,  1218),  which  is  shut  at  the  one  end,  and 

•^ 1-^^-  ...^ 7g--|         furnished  at  the  other  with  a  spring,  which  can  be 

\- '     ^    '  1         opened  or  shut  at  pleasure.      2  and  4,  in  Jig.  1215 

^*— — ; (near  the  right  end  of  the  shaft  r),  shows  the  placcof 

the  clamp, .//gf.  1217,  1218.  The  bar  of  the  right  hand  is  first  set  in  the  clamp,  by  hokhsi 
up  its  other  end  ;  the  frame  is  then  let  down  into  the  left-hand  clamp. 

The  cloth  is  wound  upon  the  lower  beam  Q,  ^g.  1214;  thence  it  passes  in  cootact 
with  a  wofKJen  cylinder  t,  turning  upon  an  axis,  and  proceeds  to  the  upper  beam  p,  oa 
to  whiclfi  it  is  wound  :  by  a  contrary  movement,  the  cloth  returns  from  the  beam  p  to  ^ 
over  the  cylinder  t  ;  and  may  thus  go  from  the  one  to  the  other  as  many  times  as  shaB 
be  requisite.  In  these  successive  circuits  it  is  presented  to  the  action  of  the  teaseb, 
under  certain  conditions.  In  order  to  be  properly  teasled,  it  must  have  an  eqoal 
tension  throughout  its  whole  breadth  during  its  traverse;  it  must  be  brought  into 
more  or  less  close  contact  with  the  drum,  according  to  the  nature  of  the  cloth,  aod 
the  stage  of  the  operations;  sometimes  being  a  tangent  to  the  surface,  and  sometime! 
embracing  a  ereater  or  smaller  portion  of  ils  contour,  it  must  travel  with  a  deiermioate 
speed,  dependant  upon  the  velocity  of  the  drum,  and  calculated  so  as  to  produce  the  best 
result :  the  machine  itself  must  make  the  stuff  pass  alternately  from  one  winding  beam  to 
the  other. 

In  yrg.  1215,  before  the  front  end  of  the  machine,  there  is  a  vertical  shaft  l,  as  hi«h 
as  the  framework,  which  revolves  with  great  facility,  in  the  bottom  step  I,  the  middle 
collet  r,  and  top  collet  /",  in  the  prolongation  of  the  stretcher  d.  Upon  this  uprisht 
shaft  are  mounted — I.  a  bevel  wheel  l'  ;  2.  an  upper  bevel  pinion  m,  with  its  boss  a'; 
3.  a  lower  bevel  pinion  n,  with  its  boss  s\  The  bevel  wheel  l'  is  keyed  upon  the  shaft 
L,  and  communicates  to  it  the  movement  of  rotation  which  it  receives  from  the  pinioB 
/,  with  which  it  is  in  gear ;  but  the  pinion  /,  which  is  mounted  apoa  the  shaft  f  of  the 
drum,  participates  in  the  rotation  which  this  shaft  receives  ftWB  the  prime  mover,  by 
medirs  of  the  fast  rigger-pulley  /'.  The  upper  pinion  m  is  independent  upon  the  shaft 
L;  that  is  to  say,  it  may  be  slidden  along  it,  up  and  down,  without  being  driven  by  it; 
bat  it  may  be  turned  in  an  indirect  manner  by  means  of  six  curved  teeth,  projecting  from 
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Hi  bottom,  and  which  may  be  rendered  active  or  not,  at  pleasure ;  these  curved  teeth, 
and  their  intervals,  correspond  to  similar  teeth  and  intervals  npon  the  top  of  the  boat 
m',  which  is  dependent,  by  feathered  indentations,  npon  the  rotation  of  i^  though  it  can 
slide  freely  up  and  down  upon  it.  When  it  is  raised,  therefore,  it  comes  into  gear  with 
M.  The  pinion  n,  and  its  boss,  have  a  similar  mode  of  beiiitg  thrown  into  and  out  of  gear 
with  each  other.  The  bosses  m'  and  n',  ought  always  to  be  moved  simulianeously,  in 
order  to  throw  one  of  them  into  gear,  and  the  other  out  of  9ear.  The  shaft  l  serves  to 
init  the  cloth  in  motion,  by  means  of  the  bevel  wheels  v"  and  ^\  upon  the  ends  of  the 
beams  p,  q,  which  take  into  the  pinions  m  and  n. 

The  mechanism  destined  to  stretch  the  cloth  is  placed  at  the  other  end  of  the 
machine,  where  the  shafts  of  the  beams  p,  q,  are  prolonged  beyond  the  frame,  and  bear 
at  their  extremities  p"  and  q",  armed  each  with  a  brake.  The  beam  p  (yig.  1214),  turns 
in  an  opposite  direction  to  the  drum ;  consequently  the  cloth  ia  wound  upon  p,  and 
unwound  from  q.  If,  at  the  same  time  uc»  ihii  is  going  ou,  the  handle  a',  of  the  brake- 
shaft,  be  tnrned  so' as  to  clasp  the  brake  of  the  pulley  q',and  release  that  of  the  pulley  p'. 
it  is  obvious  that  a  greater  or  smaller  resistance  wiU  be  occasioned  in  the  beam  q,  and 
the  cloth  which  pulls  it  in  unwinding,  will  be  able  to  make  it  turn  only  when  it  has 
acquired  the  requisite  tension;  hence  it  will  be  necessary,  in  order  to  increase  or 
diminish  the  tension,  to  turn  the  handle  a'  a  little  more  or  a  little  less  in  the  direction 
which  clasps  the  brake  of  the  pulley  q' ;  and  as  the  brake  acts  in  a  very  equable  manner, 
a  very  equable  tension  will  take  place  all  the  time  that  the  cloth  takes  to  pass.  Besides, 
should  the  diminution  of  the  diameter  of  the  beam  q,  render  the  tension  less  efficacious 
in  any  considerable  degree,  the  brake  would  need  to  be  undamped  a  very  little,  to  re- 
store the  primitive  tension. 

When  the  cloth  is  to  be  returned  from  the  beam  p,  to  the  beam  q,  z  must  be 
lowered,  to  pot  the  shaft  l  oot  of  gear  above,  and  in  gear  below ;  then  the  cloth-beam 
Q,  being  driven  by  that  vertical  shaft,  it  will  turn  in  the  same  direction  as  the  drum,  and 
will  wind  the  cloth  round  its  surface.  In  order  that  it  may  do  so,  with  a  suitable  tension, 
the  pulley  q'  must  be  left  free,  by  clasping  the  brake  of  the  pulley  p',  so  as  to  oppose  an 
adequate  resistance. 

The  cloth  is  brought  into  more  or  less  close  contact  with  the  drum  as  follows : — There 
is  for  this  purpose  a  wooden  roller  t,  against  which  it  presses  in  passing  from  the  one 
winding  beam  to  the  other,  and  which  may  have  its  position  changed  relatively  to  the 
drum.  It  is  obvious,  for  example,  that  in  departing  from  the  position  represented  in 
fi%»  1214,  where  the  cloth  is  nearly  a  tangent  to  the  drum,  if  the  roller  t'  be  raised, 
the  doth  will  cease  to  touch  it ;  and  if  it  be  lowered,  the  cloth  will,  on  the  contrary, 
embrace  the  drum  over  a  greater  or  less  portion  of  its  periphery.  For  it  to  produce 
these  effects,  the  roller  is  borne  at  each  end,  by  iron  gudgeons,  upon  the  heads  of  an 
arched  rack  t^'  (fig,  1214),  where  it  is  held  merely  by  pins.  These  racks  have  the  same 
cnnrature  as  the  circle  of  the  frame,  against  which  they  are  adjusted  by  two  bolts  ;  and 
'  by  means  of  slits,  which  these  bolts  traverse,  they  may  be  slidden  upwards  or  down- 
wards, and  consequently  raise  or  depress  the  roller  t.  But  to  graduate  the  movements^ 
and  to  render  them  equal  in  the  two  racks,  there  is  a  shaft  u,  supported  by  the  uprights 
of  the  frame,  and  which  carries,  at  each  end,  pinions  u^,  v",  which  work  into  ths  two 
racks  t',  t"'  ;  this  shaft  is  extended  in  front  of  the  frame,  upon  the  side  of  the  head  of  ths 
mekine  {Jig.  1215),  and  there  it  carries  a  ratchet  wheel  it,  and  a  handle  «'.  The  work- 
man, therefore,  requires  merely  to  lay  hold  of  the  handle,  and  turn  it  in  the  direction  of 
the  ratchet  whed,  to  raise  the  racks,  and  the  roller  t,  which  they  carry ;  or  to  lift  the 
dick  or  catch,  and  turn  the  handle  in  the  opposite  direction,  when  he  wishes  to  lower  the 
roller,  so  as  to  apply  the  cloth  to  a  larger  portion  of  the  drum. 

CLOTH  caoppiNO. 

Of  machines  for  cropping  or  shearing  woollen  cloths,  those  of  Lewis  and  Davis  have 
been  very  generally  used. 

J^tg.  1219  is  an  end  view,  and^g.  1220  is  a  side  view,  of  Lewis's  machine  for  shearing 
doth  from  list  to  list.  Fig,  1221  is  an  end  view  of  the  carriage,  with  the  rotatory  cutter  de- 
tached from  the  frame  of  the  machine,  and  upon  a  larger  scale ;  a,  is  a  cylinder  of  metal, 
on  which  is  fixed  a  triangular  steel  wire ;  this  wire  is  previously  bent  round  the  cylinder 
in  the  form  of  a  screw,  as  represented  at  a,  a,  in  Jig,  1219,  and,  being  hardened,  is  intended 
lo  constitute  one  edge  of  the  shear  or  cutter. 

The  axis  of  the  cylindrical  cutter  a,  turns  in  the  frame  b,  which,  having  proper  ad- 
justments, is  mounted  npon  pivots  e,  in  the  standard  of  the  travelling  carriage  d,  d  ;  and 
f,  is  the  fixed  or  ledger  blade,  attached  to  a  bar  /,  which  constitutes  the  other  edge  of 
tne  cutter;  that  i«,  the  stationary  binde,  agiinst  which  the  edges  of  the  rotatory  cutter  act  { 
/  and  g,  are  flat  springs,  intended  to  keep  the  cloth  (showp  by  dots)  up  against  the 
cutting  edges.    The  form  of  these  flat  springs  /,  g,  is  show«  at  Jlg$.  1222  and  1283> 
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H  MntiiligK  at  platet  of  thin  meul  eat  iato  Mrraw  *lipt  {fig,  1233),  a 


with  long  hold,  {fig. 


Hg.  1223.)    1'heir  ottject  is  to  inpporl  Ihe  dolh,  trbich  u  inteodel 
I,  ind  openle  m  ■  ipcinf  b«d,  betring  t^  inrftci  oT  ihe  doth  >«Ma 


tolo  tlie  (Kih  or  (be  linre  vheel 
npon  its  iile,  la  coil  up  lh«  cord,  br  wlitch  Ihe 
the  iprio;  bed  /  nod  f ,  are  alnwlf,  bal  piofjtn 
gqllen  oiet  the  fiee  of  Ibe  cloth,  from  Jilt  to  liil 
4er  a,  pradnciag  Ihe  Dperalioauf  cropping  or 

Dpoa  the  enltiDg  cylinder,  between  Ihe  tfiir 
fhA,  to  Baewer  Ihe  parpMc  oT  bmhe*,  lo 
MMnd,  snd  Ihercbr  uiul  ia  hriniiiis  the  pwnti 

The  Mine  eoBtrinuiee  it  adap'  ' ' 


Ic  end  /,  ei 
be  bniiisht  buk,  u  in  fif.  1231, » 
that  Ihe  enltemhBirbe  rioM  M 
Ihelisti  thernmet/lbenutn 
is  rats«t  up  on  its  pimt<ail 
recedes,  in  order  to  knp  tht 
cloth  from  injury,  bat  a  lo*- 
ered  again  precioaslf  !■  bn>t 
pot  rn  action.  AbandatwiMt 
U  applied  to  Ihe  riKger  «  pit 
ler  m,  which,  br  roeui  of  n 
endleu  cord  passed  round  \i* 
pDlIci  a,  at  the  reveiae  endiJ 
Ihe  axle  of  m,  and  roaad  Lkc 
other  pullers  o  and  p,  and  tkc 
■mall  puilry  g,  os  the  iiletf 
the  cjlindiieal  miter,  (in*  Ihe 
CTlindrical  culler  a  TCrj  n^A 
mtatoiy    motion ;    i 

:le  of  m  and  a,  taVitf 

eel  to  rcTolTe,  and  a  tmall  dcus  \ 

i^e  d,  with  the  cutters  a  aad  (,  sid 

made  to  adtance,  and  lo  cairy  Ihc 

I  ihc  lapal  rolalioo  of  the  cnltiaf  Cjtia- 

iriog  the  pile. 

tndea,  il  is  pro|iOMd  to  place  itripe*  d 
«  the  aap  or  pile  ai  ihe  ijliodniMI 
of  Ihc  wool  np  la  the  cotiera. 
for  shearing  the  ctoth  IcngAwlw. 
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Fig.  1224,  ii  ■  gconKtriuI  eleration  oTone  tide  oTHr.  Saris'i  mdiine.  Fig.  133B, 
m  plan  or  horizontal  rrpieienlaUoa  of  the  umc,  ai  Been  in  Ihe  topi  and  Jig.  1336,  ■  no- 
tion  taken  renieallf  acroM  the  machine  near  Ihe  middle,  lot  Ihe  purpuie  oT  diapla;- 
Saf  Ibe  worhini:  parts  more  perfecllr  than  in  Ihe  two  preceding  figores.  ThcM 
three  ligurea  repreeenl  a  comjilele  machine  in  vorkin;  coaditioo,  Ihe  cntlera  beinc 
VDiked  bf  a  roUlory  motian,  and  Ihe  cloth  Bo  placed  in  the  carriage  ai  lo  be  cut  Iron 
lini  la  Liu.  a.  a,  a,  is  a  Tramc  or  Mandard,  of  wood  or  iron,  firmly  boiled  togelher  1^ 
the  coda  and  in  the  middle.    In  Ihe  upper  aide^aila  of  the  ilandar^ 


there  it  a  aeriet  of  axles  carrying  anti-friction  wheel*  i,  b,  i,  opon  which  the  Bide-raQi 
c,  c,  of  Ihe  cirriaze  or  frame  thai  bears  the  ciolh  runs,  when  it  is  passing  under 
the  catlert  in  the  operation  of  Bhearini.  The  lidC'Taili  e,  c,  are  atrai^hi  bars  of  irod, 
tonaei  with  edges  v,  on  their  andtr  fUet,  which  run  imooihlr  in  Ihe  grooret  of  Ike 
nllera  A,  1, 1.    These  lidenvils  are  firmlr  held  logelher  b;  Ihe  end  (trelchen  d,  A 


The  ilidiot  frame  hu  attached  lo  il  Ibe  two  lower  rollers  *,  *,  apea  which  the  eMk 
intended  lo  be  ehorn  is  wound ;  the  two  upper  lateral  rollera/,/,  o*cr  whidi  the  cloth  ia 
eondacled  and  held  up;  and  Ihe  Iwo  end  roUeia  g,  g,  by  whick  the  hahiling  laili  lhk,tn 
drawn  UchL 

In  preparinf  to  shear  a  piece  of  cloth,  the  whole  length  of  the  piece  ii,  in  the  Int 
place,  liahll;  rolled  upon  one  of  Ihe  lower  roller*  t,  which  mast  be  lomelhin;  kwfer 
than  Ihe  breadth  of  Uie  cloth  from  list  to  list.  The  end  of  the  piece  is  then  laised, 
•ad  passed  over  the  top  of  the  lateral  rollers  /,  /,  whence  it  is  carried  down  la  the 
other  Riller  t,  and  il*  end  or  farral  ii  made  fast  to  that  nillec.  The  hooks  of  the  ha- 
biting nil*  it,  A,  are  then  pot  into  the  lists,  and  the  two  lower  Mllers  t,  t,  wilh  the  twtt 
end  rollers  g,  g,  are  then  turned,  for  Ihe  purpose  of  drawing  ap  the  elMh,  and  strainmB 
it  tight,  which  tentioo  is  preserved  bf  ralchrt  wfaeeli  attacbed  to  the  end*  of  Ihe  re- 
•peclive  rollers,  with  palls  drupping  into  their  leetk,  Tka  frame  eairyia*  Ihe  cIMh  il 
Mw  aliddem  ahwg  apea  the  top  Manrfaid  nil*  tf  ^^  w  that  the  Ite  itaaU  be  tKOq(hl 
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Borlr  np  Id  the  cotter  i,  i,  retdf  to  toamaux  the  iheuins  opentioii ;   the  bed  it  tba 
rmued,  which  bringi  the  cloth  op  aniost  the  edgei  of  the  ihean. 
The  eoDHnution  of  the  bed  wiil  be  kcd  bf  reTercnce  to  the  tnm  %eetiam,fig,  IIM. 

metal  roller  k,k, 
tamed  to  ■  tiidj 
eylindrieal^BR, 
mod  coy  end  wiili 
doth  or  leulw, 
to  afford  a  mmU 

Ueily.  Thii  roUo 
■B  moDDied  npn 
piToti  in  ifnae 
i,^aiMluiDii|nc- 
ted  b}  B  shUs 
roller  m,  liniilulf 
moDDted,  whick 
Toller  m,  15  ii- 
tended  merely  ■ 
preveat  nj 
beodiDf  M  it- 
prenion  of  tk 
eeatral    put  «f 

theapper  roller  or  bedh,fc,  lo  that  the  cloth  lur  be  kept  in  dnae  cod laet  with  tlMwhok 
leofth  oT  the  callinfi  bladet. 

In  order  to  allow  the  bed  k  to  rise  and  Tall,  for  the  parpoie  of  bringlDS  the  cloth  sp  M 
tbecuttera  to  be  shorn,  or  lowering  it  away  froni  tbem  alter  the  operation,  the  rrame  1,1, 
il  made  to  alide  np  and  down  in  the  ftrooved  standard  n,  b,  the  inoveable  part  encUitEd 
within  the  standard  being  shown  ij  dais.  This  itandaid  ■,  is  situated  aboat  the  nwUk 
of  the  machine,  crouinR  it  immedialelf  ander  the  cutlers,  and  is  made  lut  (o  the  frame*, 
by  bolls  and  urewi.  There  it  a  lever  o,  attached  to  the  lower  eross-railof  the  sundiij, 
which  turns  npon  afulcmm-pin,  the  extremity  of  the  shorter  arm  of  which  lever  actsnnds 
the  centre  of  the  sliding-frune,  so  thai  by  ihe  lever  o,  the  siiding-frame,  with  the  bed,  dh; 
be  raised  or  lowered,  and  when  so  raised,  be  held  up  by  a  tpring  catch  j. 

It  being  now  eiptained  by  nhit  mttas  the  bed  which  supports  the  cloth  is  coBstmcttd, 
and  brought  op,  bo  as  to  keep  Ihe  cloth  in  close  contact  with  the  cutters,  while  the  oper- 
ation of  ifaearing  ia  itoing  on ;  il  is  necessary  in  Ihe  neit  place  to  describe  ibc  coastnttioa 
of  the  entler«,and  Ibeit  modeofworkin^r;  for  which  purpose,  in  addition  to  what  isshvvi 
in  the  finl  three  figures,  the  cullers  are  also  represented  delached.andupoQ  a  larnrnU^ 
iljlf.  1227. 
In  Ibis  figure  is  eihibiled  a  portion  of  the  cullers  in  the  nme  situation  as  iojif. 
1221;  and  alongside  of  it  is  a  sectioe  of 
the  same,  taken  Ihroogh  it  at  riibl 
aneles  to  the  former ;  p,  is  a  meliUic 
bar  or  rib,  somewhat  of  a  Wedge  rurm, 
which  is  fastened  to  the  top  part  of  ibe 
standard  a,  a,  seen  best  in  fif.  12S0. 
To  this  bar  a  straight  blade  of  ateel  g,  is  attached  by  screws,  the  edge  of  which  standi 
forward  even  with  the  centre  or  aiisof  Ihe  cylindrieal  cutter  i,  and  forms  the  ledger  blidc, 
or  lower  filed  edge  of  the  sheat«.  This  blade  remains  italionary,  and  is  in  close  cdbUcI 
with  the  pile  or  nap  of  the  cloth,  when  the  bed  k  is  raised,  in  the  manner  above  desciibed. 
The  culler  or  upper  blade  of  the  sheart  is  formed  by  inserting  two  or  more  sliift  if 
plate  Meel  r,  r,  in  twisted  directions,  into  grooves  in  Ihe  metallic  cylinder  t,  >,  the  id^ 
of  which  bladesr,a*  the  cylinder!  revolves,  traverse  along  the  edge  of  the  fixed  or  ledger 
blade  g,  and  by  their  obliquity  produce  a  eutting  action  like  ghears)  the  ed^esof  the  In 
blades  takiue  hold  of  Ihe  pile  or  raised  nap,  as  Ihe  cloth  passes  lUider  it,  shaves  off  the 
nperfluDus  ends  of  the  wool,  and  leavea  the  face  smooth. 

Rotatory  motion  is  given  to  Ihe  cutting  cylinder  t,  by  means  of  a  band  leading  froo  Ihe 
wheel  I,  which  passes  round  the  pulley  fixed  on  Ihe  end  of  the  cylinder^  the  wheel  tb<ii| 
driven  b;  abend  leading  from  the  rolalory  partof  a  steam-engine,  or  any  other  first  moia, 
■nd  passed  round  the  rigler  I,  fixed  on  the  axle  (.  Tension  is  given  to  this  hand  by  ■ 
tightening  pulley  Bimoanled  on  onadjustablesliding-pieeev,  which  ii  secared  to  the  slud- 
■id  by  a  Bcrew)  and  this  rigger  is  thrown  ia  and  oat  of  gear  by  a  dnlcb-box  and  lever,  whid 
lets  the  machine  going,  or  slops  it. 

I    In  order  to  give  a  drawing  stroke  to  the  entter,  which  will  canw  Ihe  piece  of  dsA 
to  bt  ibna  off  vUh  better  effect,  the  appet  cmtts  tat  ■  tUfkl  lalcnl  Mtieo,  jaittd 
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by  tliG  aile  of  Ihe  cutting  cylinder  being  made  sulScienlly  long  to  allow  of  its  lliding 
Utcrally  about  an  incb  in  its  hearings ;  which  sliding  is  effected  by  a  cam  u,  filed  at 
one  end.  This  cam  is  Tarmed  by  an  iibliqne  groove,  cut  round  the  tile  (lee  ti>,fig,  1227), 
and  a  looth  x,  6\ei  to  the  Tritnie  or  sCindird  which  trorbs  in  it,  as  the  cylinder  revoWe*. 
By  means  or  this  tooth,  the  cylinder  is  made  to  slide  laterally,  a  distance  equal  to  the 
obliquity  of  the  groove  w,  which  produces  the  drawing  stroke  or  the  upper  shear.  In 
order  that  the  rotation  of  the  shearing  cylinder  may  not  be  obstnicted  by  frietion,  tbe 
tooth  X,  is  made  or  two  pieces,  set  a  little  apart,  so  as  to  afford  a  small  degree  of  elasticity. 

The  manner  of  parsing  the  cloth  progrenively  nnder  the  cutters  is  as  follows: — On 
the  axle  or  the  wheel  i,  and  imtncdiatety  behind  that  wheel,  there  is  a  small  rigger,  rron 
which  a  band  passes  to  a  wheel  y,  mounted  in  an  aile  turning  in  bearings  on  the  lower 
•ide-ndl  of  the  standard  a.  At  the  reverse  utremity  of  this  axle,  there  is  another  small 
rigger  1,  from  which  a  band  paiKS  to  a  wheel  2,  fixed  on  Ibe  aile  3,  which  crosses  neai 
the  middle  of  the  machine,  seen  in^g.  1226.  Upon  this  axle  there  is  a  sliding  puUey  4, 
round  which  a  cord  is  parsed  several  times,  whose  citremitiet  are  made  fast  to  the  ends 
of  the  sliding  carriage  d;  when,  therefore,  this  pulley  is  locked  to  the  axle,  which  is  done 
by  a  clotch  box,  the  previously  described  muvementi  of  the  machine  cause  the  pulley  4 
Ut  revolve,  and  by  means  of  the  rope  passed  round  it,  to  draw  the  frame,  with  the  cloth, 
■lowly  and  pi-ogressively  along  under  the  cutters. 

It  remain"  only  to  point  out  the  contrivance  whereby  the  machinery  throws  itself  out 
ef  gear,  and  stops  its  operations,  when  the  edi^e  of  the  cloth  or  list  arrives  at  the  cutters. 

At  the  end  of  one  of  the  habiting  rails  A,  there  is  a  stop  affiled  hy  a  nut  and  screw  6, 
which,  by  the  ailvance  of  the  earriai^e,  is  brought  up  and  made  to  press  against  a  lever 
6;  when  an  arm  from  this  lever  6,  acting  under  [he  catch  7,  rmiaes  the  catch  np,  and 
allows  the  hand-lever  K,  which  is  pressed  upon  by  a  strong  sprinz,  to  throw  the  cluteb' 
box  10,  out  of  gear  with  the  wheel  8  j  whereby  the  evolotion  of  the  machine  instantly 
ceases.    The  lower  part  of  the  lever  6,  being  connected  by  a  joint  to  the  lop  of  the  lever 

J',  the  receding  of  the  lever  6,  draws  back  the  tower  ealeh  j,  and  allows  the  sliding  frame 
I,  vrilhin  the  bed  k,  to  descend.  By  now  turning  the  lower  rollers  e,  t,  another  portion 
of  the  cloth  is  brouihl  up  to-be  shorn;  and  when  it  is  properly  habited  and  strained,  by 
the  means  above  described,  the  carriage  is  slidden  back,  and,  the  parts  being  all  thrown 
into  gear,  the  operation  goes  on  as  before. 

Mr.  Hirst's  improvements  in  manufacturing  woollen  cloths,  for  wbich  a  patent  was  ob- 
tained in  February,  1830,  apply  to  that  part  of  the  process  where  a  permanent  lustre  i> 
given  usually  by  what  is  called  mil-boiling;  that  is,  stewing  the  cloth,  when  tightly 
wound  upon  a  roller,  in  a  vessel  of  hot  water  or  steam.  As  there  are  many  disadvanta- 
ges attendant  upon  the  operation  of  roll-tioiling,  such  as  injuring  the  cloths,  by  over- 
heating them,  which  weakens  the  fibre  of  the  wool,  ^nd  also  changes  some  Colors,  he 
inbslituieil,  ia  place  of  it,  a  particular  mode  of  acting  upon  the  cloths,  by  occasional  or 
iatermilled  immertioB  in  hot  water,  and  also  in  cold  water,  which  operations  may  be  per- 
liirmed  either  with  or  withool  pressure  upon  the  clotb,  as  eircumstancea  may  reqnire- 

The  apparatus  which  he  proposes  to  employ  for  carrying  on  his  improved  proccM,  i* 
■hown  in  the  accompanying  drawing.    Fig,  1228,  is  a  front  view  of  the  appamlos,  coot- 


lely  throD|:h  the  mid* 


plete,  and  in  working  order ;  fig.  1229,  is  a  section,  laki.  .  . 

die  of  the  machine,  in  the  direction  of  jig.  1230 ;  and  fig.  1230,  ii  an  end  view  of  tha 
nDK;  a,  a,  n,  is  a  vessel  or  tank,  made  of  iron  or  wood,  or  an;  other  sailable  material  i 
dopinf  at  tile  bade  awl  (nmt,  aad  perpendienlar  at  the  end*.    TU«  tank  Mut  be  nfl- 
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deBlIy  Uifc  to  adBil  oT  hdT  the  diaiDeier  oT  the  erlinder  or  dram  t.  A,  b,  beiDtc  imamd 
uU  il,  which  dnun  ii  ■boul  four  feel  diuneler,  Mil  ■honl  six  feel  lone,  «r  ioiDelliui 
•  iK^»  Ue  widlh  of  the  piece  of  elolh  inieBdeJ  to  be  operated  aion.     Tbit  cyUab 
or  dniiD  b,  b,  il  cununin. 

of  wood  cut  radiallf  oi 
their  «i«e»,  McuitJ  hf 
•CTev-bult*  to  Ibe  nmU 
the  irun  wheels,  binat 
•runs  with  BO  uic  [«» 
im  IhruUBh  Ihr  oiiUlc 

The  cflindtrr  oi  dna 
beinK  thus  funtwl,  m- 
dered  tmouth  on  iti  pe- 
riiihrr)-,  and  muunied  op- 


the     pic- 


cloth   i 


ftod  belween  the  !«)«»■ 
loUere  I*,  t,  and  Ibes  leenring  it  to  the  drum,  the  cloth  ii  protreMivrty  drawn  froai  iW 
heap,  between  the  leouon-rolleri,  which  are  eoofined  by  a  pall  and  raicbet,  oa  U  Ik 
peiiiAerj  of  the  dram,  by  eauia;  the  dnim  to  rCToIre  upon  iU  aiii,  unlil  the  wkilt 
piece  of  elolh  it  liehtl;  wound  npon  the  diam;  it  ii  Ihea  bound  round  with  cuius  o 
nUier  wnppen,  to  keep  it  Kcare. 

If  the  tank  hai  not  been  preTiouilr  charged  with  clean  and  pure  waicT.it  i%  nowGW 
to  the  biim,  ai  ihown  al  Jig.  1233,  and  opening  ifae  alop-toeV  of  Ihe  pipe  /,  which  kadi 
fnan  a  boiler,  Ihe  fleam  ia  allowrd  to  btt* 
thran^h  Ihe  pipe,  and  diuharae  iMlf  il 
the  lower  end,  by  which  meant  the  lor 
peratnre  of  Ihe  water  U  raised  in  the  talk 
to  about  170"  Fahr.  Before  the  tempera- 
tare  ofthe  waler  has  got  op,  the  drum  ii 
tel  in  alow  rotalnr;  molion,  in  order  lU 
the  ckilh  mar  be  nnifonnlf  faeain)  tbroofb- 
ODt ;  ihe  drum  makins  about  one  miiita 
per  minote.  The  cloth,  by  immei^ioi  ■ 
Ihe  hot  water,  and  pauing  thnmiib  Ibt 
cold  air,  in  snccetsian,  for  the  ii*rt  <t 
about  eiiihl  honn,  eels  a  amooth  lofl  Utt, 
the  tenure  not  bein^  rendered  hareh,  ix 
otherwinc  injured,  as  isfrequcDiljibecw 
by  roll-boiling. 

Uniform  rotatory  motion  (o  the  driD  it 
ihown  in  fig.  l:U8,  in  whieh  g  ii  an  r«i- 
le»  Fcrew  or  worm,  placed  horiionliUr, 
and  driven  by  a  iteara-cnEiiDe  or  any  otba 
flnl  merer  employed  in  the  factory.  This  cndlesi  «rew  takes  into  ibe  teeth  oT,  ud 
drive!,  the  vertical  wheel  h,  upon  Ihe  aile  of  which  the  coupline-box  i,  i,  is  Gied,  u^ 
consequently,  conlinuall}  revolves  with  il.  At  Ihe  end  of  Ihr  ihad  of  the  drum,  ■  psil 
of  slidin;  elntchea  k,  k,  are  mounted,  which,  when  projected  forward,  as  shown  br  ilM 
in^g.  1223,  produce  the  coupling  or  locking  of  the  drom-ihiFl  to  the  drivint  whet;  by 
which  the  drorn  is  pnt  in  motion  i  but  on  withdrawing  the  cluichei  k,  k,  from  the  coap- 
ling-boi  i,  1,  as  in  Ihe  fiiure,  ihe  drum  immediately  stands  ililL 

After  operatini;  upon  Ihe  cloth  in  the  way  described,  by  ptsiint  il  throath  hot  «alct 
for  the  space  of  time  required,  the  hot  waler  is  to  be  withdrawn  by  a  cock  al  the  bolloi, 
or  otherwise,  and  cold  waler  inlrodneed  into  the  tank  in  Its  slearl ;  in  which  colJ  wsia 
the  cloth  is  to  be  coilinued  IDrnini,  in  the  manner  above  described,  for  Ihe  span  d 
Iwenly-four  hours,  which  will  perfectly  Si  Ibe  lustre  that  Ihe  face  of  the  clulh  has  ac- 
quired by  its  imiDei*ioa  in  the  hot  waler,  and  leave  the  pile  or  nap,  to  the  touch,  in  a  wA 
tilhy  stale. 

In  the  cold-water  operation  he  tometimes  employs  a  heavy  pres'iav  roller  I,  which, 
bein;  mounted  in  slots  in  the  frame  or  standard,  rev.ilves  with  Ihe  large  dram,  rollisl 
mer  the  back  of  the  dolh  ai  it  goes  round.    This  loUei  may  be  made  to  act  Bp«a  tbe 
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eloth  with  any  required  premare,  hj  depressing  the  screwi  m,m,ix  by  the  employment 
of  weighted  levers,  if  that  shoald  be  thought  necessary. 

Pressing  is  the  last  finish  of  cloth  to  give  it  a  smooth  level  surface.  The  piece  it 
folded  backwards  and  forwards  in  yard  lengths,  so  as  to  form  a  thick  package  on  the 
board  of  a  screw  or  hydraulic  press.  Between  every  fold  sheets  of  glazed  paper  are 
placed  to  prevent  the  contiguous  surfaces  of  cloth  from  coming  into  contact ;  and  at 
the  end  of  every  twenty  yards,  three  hot  iron  plates  are  inserted  between  the  folds,  tha 
plates  being  laid  side  by  side,  so  as  to  occupy  the  whole  surface  of  the  folds.  Thin 
aheets  of  iron  not  heated  are  also  inserted  above  and  below  the  hot  plates  to  moderate 
the  heat.  When  the  packs  of  cloth  are  properly  folded,  and  piled  in  sufficient  number 
in  the  press,  they  are  subjected  to  a  severe  compression,  and  left  under  its  influence  till 
the  plates  get  cold.  The  cloth  is  now  taken  out  and  folded  again,  so  that  the  creases  of 
the  former  folds  may  come  opposite  to  the  flat  faces  of  the  paper,  and  be  removed  by  a 
second  pressure.  In  finishing  superfine  cloths,  however,  a  very  sUght  pressure  is  given 
with  iron  plates  but  moderately  warmed.  The  satiny  lustre  and  smoothness  given  by 
strong  compression  with  much  heat  is  objectionable,  as  it  renders  the  surface  apt  to  be 
come  spotted  and  disfigured  by  rain. 

WOO  rZ,  is  the  Indian  name  of  steel. 

WORT,  is  the  fermentable  infusion  of  malt  or  grains.    See  Beer. 

WOULFe*S  APPARATUS,  is  a  series  of  vesseU,  connected  by  tubes,  for  the  pur- 
pose of  condensing  gaseous  products  in  water.  See  Acetic  AciD,^g.  1 ;  adso  Muriatic 
Acid. 

X. 

XANTHINE,  is  the  name  given  by  Kuhlmann  to  the  yellow  dyeing-matter  contained 
in  madder. 


Y. 

YEAST,  is  the  froth  of  fermentin?  worts.    See  Beer  and  Fermentatioit. 

YELLOW  DYE.  (Teinture  jauns,  Fr. ;  Gelb/drbeti,  Oerm.)  Jnnotto,  dytr^s-irwm^ 
(OtnUta  ttnctorioy)  fustic,  fusUt,  Persian  or  French  berriesy  quercitron  bark,  saw-wort^ 
(^Sfrratula  tinctoria,)  turmeric,  weld,  and  willow  leaves,  are  the  principal  yellow  dyes 
of  the  vegetable  kingdom ;  chromate  of  lead,  iron-oxyde,  nitric  acitl,  (for  silk,)  sulphunt 
of  antimony,  and  sulfhuret  of  arsenic,  are  those  of  the  mineral  kingdom.  Under  these 
articles,  as  also  under  Calico-printing,  Dteing,  and  Mordants,  ample  instructions 
will  be  found  for  communicating  this  color  to  textile  and  other  fibrous  substances. 
Alumina  and  oxyde  of  tin  are  the  most  approved  bases  of  the  above  vegetable  dyes.  A 
nankin  dye  may  be  given  with  bablah,  especially  to  cotton  oiled  preparatory  to  the  Turkey 
red  process.     See  Madder. 

YELLOW,  KING'S,  is  a  poisonous  yellow  pigment.    See  Arsenic  and  Orpiment. 

YTTRIA,  is  a  rare  earth,  extracted  from  the  minerals  gadolinite  and  yttrotantaliti^ 
being  an  oxyde  of  the  metal  yttrium. 


Z. 

ZAFFRE.    See  Cosalt. 

ZEIDOARY,  is  the  root  of  a  plant  which  grows  in  Malabar,  Ceylon,  Btc,  It  oeeuis 
in  wrinkled  pieces,  externally  ash-colorcd,  internally  brownish-red ;  possessed  of  a  fra- 
Rrant  odor,  somewhat  resembling  camphor ;  ami  of  a  pungent,  aromatic,  bitterish  taste. 
It  contains,  according  to  Bucholz,  1*42  of  volatile  oil,  of  a  burning  camphorated  taste; 
3*60  of  a  soil,  bitter,  aromatic  resin;  11*75  of  a  bitter  aromatic  extract,  mixed  with  a 
little  resin  and  potash-salts ;  4*5  of  gum ;  9  of  vegetable  mucilage ;  3*60  of  starch ; 
8*0  of  a  starchy  extract  from  the  woody  fibre,  by  means  of  caustic  potassa,  along  with 
31*2  of  another  matter,  12*89  of  woody  fibre,  and  15  of  water.  According  to  Moria, 
this  root  contains,  besides,  an  azotized  substance,  analoi^us  to  the  extract  of  beef. 

ZIMOME,  is  a  principle  supposed  by  Taddei  to  exist  in  the  gluten  of  wheat-flour. 
Its  identity  is  not  recognised  by  later  chemists. 

ZIRCON.    See  Hyacinth  and  Lapidary. 

ZIRCONIA,  is  a  rare  earth,  extracted  from  the  minerals  zircon  and  hyacinth ;  it  if 
an  oxyde  of  zirconiam,  a  substance  possessing  externally  none  of  the  metallic  character% 
but  resembling  rather  charcoal  powder,  which  burns  briskly,  and  almost  with  ezplosire 
▼iolenee. 
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ZINC,  is  a  metal  of  a  bluish-white  eolor,  of  eonsidenble  lustre  wbeii  biohei 
across,  but  easily  tarnished  by  the  air;  ita  fracture  is  hackly,  and  foliated  with  sanll 
fhceu,  irregolarly  set.  It  has  little  cohesion,  and  breaks  in  thin  plates  before  the  ham- 
mer, unless  it  has  been  previously  subjected  to  a  regulated  process  of  lamiiiatioB,  at  the 
temperature  of  from  220°  to  300°  F.,  whereby  it  becomes  malleable,  and  retains  its  mal- 
leability and  ductility  afterwards.  On  this  singnlar  property,  a  patent  was  takea  oat  ky 
Messrs.  Hobson  and  Sylvester,  of  Sheffield,  many  years  ago,  for  mannfactoring  sheet  zisc, 
for  covering  the  roofs  of  houses,  and  sheathing  ships ;  but  the  low  price  of  copper  at  thst 
time,  and  its  superior  tenacity,  rendered  their  patent  ineffective.  The  specific  gravity  cf 
sine  varies  from  6-9  to  7-2,  according  to  the  condensation  it  has  received.  It  mdts 
under  a  red  heat,  at  about  the  680th  or  700lh  degree  of  Fahrenheit's  scale.  When  ex- 
posed to  this  heat  with  contact  of  air,  the  metal  takes  fire,  and  boma  with  a  brillitit 
bluish-white  lijtht,  while  a  few  floccnli,  of  a  woolly-looking  white  matter,  rise  out  of  the 
crucible,  and  float  in  the  air.  The  result  of  the  combustion  is  a  white  powder,  formfriy 
called  flowers,  but  now  oxyde  of  zinc ;  consisting  of  34  of  metal,  and  8  of  oxygen,  beisf 
their  respective  prime  equivalents;  or,  in  100  parts,  of  81  and  19. 

The  principal  ores  of  zinc  are,  the  sulphuret  called  blende,  the  silicate  called  eaiawdm, 
and  the  sparry  calamine,  or  the  carbonate. 

1.  Blende  crystallizes  in  the  garnet-dodecahedron ;  its  frscture  is  highly  conchoidal; 
lustre,  adamantine ;  colors,  black,  brown,  red,  yellow,  and  green ;  transparent  or  tiaas* 
lucent ;  specific  gravity,  4.  It  is  a  simple  sulphuret  of  the  metal ;  and,  therefore,  coa- 
sists,  in  its  pure  state,  of  34  of  zinc,  and  16  of  sulphur.  It  dissoWcs  in  nitric  acid,  with 
disengagement  of  sulphureted  hydrogen  gas.  It  occurs  in  beds  and  veins,  accompanied 
chiefly  by  galena,  iron  pyrites,  copper  pyrites,  and  heavy  spar.  There  is  a  radiited 
variety  found  at  Przibram,  remarkable  for  containing  a  large  proportion  of  radwiam. 
Blende  is  found  in  great  quantities  in  Derbyshire  and  Cumberland,  as  also  in  ComwtL 

2.  Calamine,  or  silicate  of  zinc,  is  divided  into  two  species ;  the  prismatic  or  dectrk 
calamine,  and  the  rhomboidal ;  though  they  both  agree  in  metallurgic  treatment.  The 
firet  has  a  vitreous  lustre,  inclining  to  pearly;  color,  white,  but  occasionally  blue, 
green,  yellow,  or  brown  ;  spec.  grav.  3*38.  It  oAen  occurs  massive,  and  in  botroidal 
shapes.  This  species  is  a  compound  of  oxyde  of  zinc  with  silica  and  water ;  and  its 
constituents  are — zinc  oxyde,  66*37 ;  silicn,  26*23 ;  water,  7*4 ;  in  100  parts.  Rednnd 
to  powder,  it  is  soluble  in  dilute  sulphuric  or  nitric  acid,  and  the  sohition  gelatinises 
on  cooling.  It  emits  a  green  phosphorescent  light  before  the  blowpipe.  The  secoad 
species,  or  rhombohedral  calamine,  is  a  carbonate  of  zinc.  Its  specific  grsTity  is  4*442^ 
much  denser  than  the  preccflin?.  It  occurs  in  kidney-shaped,  botroidal,  stalactitic,  sad 
other  imitative  shapes ;  surface  generally  rough,  composition  columnar.  Massiye,  witk 
a  granular  texture,  sometimes  impalpable;  strongly  coherent.  According  to  Smith- 
ton's  analysis,  Derbyshire  calamine  consists  of — oxyde  of  zinc,  65*2;  carbonic  acid,  34*8; 
which  coincides  almost  exactly  with  a  prime  equivalent  of  the  oxyde  and  acid,  or  42  -f- 
22  =  64. 

The  mineral  genus  called  rinc-ore,  or  red  oxyde  of  zinc,  is  denser  than  either  of  the 
above,  its  spec.  grav.  being  5*432.  It  is  a  compound  of  oxyde  of  zinc  88,  and  oxyde  of 
iron  and  manganese  12.  It  is  found  massive,  of  a  granular  texture,  in  large  quantities, 
in  several  localities,  in  New  Jersey.  It  is  set  free  in  several  metallurgic  processes,  and 
occurs  crystallized  in  six-sided  prisms  of  a  yellow  color,  in  the  smelting-works  of  Kcenig- 
shutte  in  Silesia,  according  to  Mitscherlich. 

The  zinc  ores  of  England,  like  those  of  France,  Flanders,  and  Silesia,  occur  in  two 
geological  localities. 

The  first  is  in  veins  in  the  carboniferous  or  mountain  limestone.  The  blende  and  the 
calamine  most  usually  accompany  the  numerous  veins  of  galena  which  trarerse  that 
limestone ;  though  there  are  many  lead  mines  that  yield  no  calamine ;  and,  on  the  other 
hand,  there  are  yeins  of  calamine  alone,  as  at  Matlock,  whence  a  very  eonsideiable 
quantity  of  this  ore  is  obtained. 

In  almost  every  point  of  England  where  that  metalliferous  limestone  appears,  there 
are  explorations  for  lead  and  zinc  ores.  The  neighborhood  of  Alston-moor  in  Camber- 
land,  of  Castleton  and  Matlock  in  Derbyshire,  and  the  small  metalliferous  belt  of  Flint- 
shire, are  peculiarly  marked  for  their  mineral  riches.  On  the  north  side  of  the  last  county, 
calamine  is  mined  in  a  rich  vein  of  galena  at  Holywell,  where  it  presents  the  singular  ap- 
pearance of  occurring  only  in  the  ramifications  that  the  lead  vein  makes  from  east  to  west, 
and  never  in  those  from  north  to  south ;  while  the  blende,  abundantly  present  in  thit 
mine,  is  found  indifl*erently  in  all  directions. 

The  second  locality  of  calamine  is  in  the  magnesian  limestone  (bnnatioa  of  the 
English  geologists,  the  alpine  limestone  of  the  French,  and  the  zechstein  of  the 
Germans.  The  calamine  is  disseminated  through  it  in  small  contemporaneous  veins, 
which,  running  in  all  directions,  form  the  appearance  of  network.  These  veins  have 
eonunonly  a  thickness  of  only  a  few  inches ;  but  in  certain  cases  they  extend  to  four  feet. 
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■a  MiueqiienM  of  the  anion  oT  tereral  •mall  ones  into  t  mass.  The  explorations  of 
ealamine  in  the  magiaeaian  limeilone,  are  liluated  chieBf  on  the  Sanlu  of  the  Hesdip 
Hills,  a  chain  which  exleods  id  a  northwest  and  sonlbeaiE  direcljOQ,  Trom  lh«  Mnal 
of  Bristol  to  Frome.  The  calamiae  is  worked  mostly  in  the  padshea  or  Phiphnn 
•»d  RoboroDgh,  u  alio  near  Ricbronl  and  BroadEeld-Doron,  bf  means  of  a  great  mnlti- 
tnde  of  unall  shaAs.    The  miners  pay,  for  the  pririlege  of  working,  a  tax  of  II.  ttcrliag 

E  annum  to  the  Lotdi  of  the  Treasarr;  and  they  sell  the  ores,  mixed  with  a  considera- 
qnanliiy  of  earbonate  of  IJEne,  far  11.  per  ton,  at  Phipham,  after  washiag  il  slightly  in 
a  aiere.  Ttier  are  detpAtched  to  Briiiol,  where  they  receive  a  new  waahias,  in  ordo  to 
Mpante  the  ^en>. 

or  THE  BHU-TinO  Of  TKI  OaES  OF  ZIHC. 

The  greater  part  of  the  zinc  works  are  situated  in  (he  neighborhood  of  BirminghaM 
and  Bristol.  The  manufaelare  of  bras?,  which  has  been  long  one  of  the  staple  artielea 
of  theae  (owna,  was  prahably  (he  cause  of  the  introduelion  of  this  branch  of  indoUrr, 
at  the  period  when  brass  began  (□  be  made  by  the  direct  union  of  copper  with  melallie 
line,  instead  of  calamine.  A  few  zinc  rurnicea  exist  also  in  ibe  neighborhood  of 
Si^eld,  amid  the  coal-pits  surrounding  that  town.  Bristol  and  Birmingham  derire 
their  chief  snpply  of  ores  from  (he  Mendip  HLls  and  Flintshire;  and  Sheffield,  from 
Abton-moor. 

The  calamine,  freed  from  (he  galena  by  sorting  wilh  the  hand,  is  calcined  before  it*  in- 
Irodnction  into  (he  smell ing-furnaces,  by  beini  exposed,  coarsely  bruised,  in  reverberator; 
ovens,  10  feel  long,  and  8  bioad,  in  a  layer  6  inches  thick.  In  some  establishments  Iha- 
calcinatian  is  omilled,  and  (he  calamine,  broken  into  pieeei  about  the  size  of  a  p^jeon'l 
tgtl,  a  mixed  with  its  bulk  of  small  coal. 

Zinc  is  smelted  in  England,  likewise  from  blende,  (snlphuret  of  zjnc.)  This  ore, 
•fler  being  washed,  and  broken  into  pieces  of  (he  size  of  a  filbert,  was  sold  a  few  jeart 
■go  at  the  mine  of  Holywell  for  21.  a  ton,  or  half  the  priee  of  calamine.  It  is  roasted, 
wilhont  any  other  preparation,  in  reverberatory  furnaces ;  which  are  about  8  feet  wide, 
■od  10  long ;  the  distance  between  the  roof  and  the  sole  being  30  inches,  and  the  height 
of  (he  foe-bridge,  18.  The  layer  of  blende,  which  is  placed  on  the  hearth,  is  about  4  oi 
ft  inchei  (hick ;  and  it  is  euntinualty  siirred  up  with  rakes.  One  Ion  of  it  requires,  for 
ToaMing,  fodt-  Ions  of  coals ;  aod  i(  suffers  a  loss  of  20  per  cenl.  The  operalion  lakea 
ftom  10  lo  12  honra.  The  mii[are  of  reducing  consists  of  one  (boith  part  of  (he  desnl- 
pbnreted  oxyJe,  one  fourdi  of  calcined  calamine,  and  one  half  part  of  charcoal;  which 
•ilbids  commonly  'JO  per  cenl.  of  zinc. 

The  English  furnaces  for  smelting  xinc  ores  are  sometimes  quadrangular,  lometime* 
ronnd;  the  latler  form  being  preferable.  They  are  mounled  wilh  from  6  to  8  crucibles  or 
poU  (aeejlf.  1231),  arehedover  with  a  cupola  a,  placed  under  a  conical  chimney  i,  which 
lerves  lo  give  a  strong  draught,  and  to 
earry  off  the  imobe.  In  this  cone  then 
areas  many  doors  t,  f,c,  ai  there  are  pots 
in  (he  fnmice;  and  an  equal  number  of 
venls  ^  d,  d,  in  the  capola,  (hroagh  whieh 
ihe  smoke  may  escape,  and  the  pots  nay 
beset.  In  the  surroaacling  walls  there  ar« 
holes  for  taking  ou[  the  pels,  when  the; 
become  unserviceable  ;  after  the  pots  ato 
set,  these  holes  are  bricked  np.  The  pots 
are  heated  lo  ignition  in  a  reverbeialory 
furnace  before  being  set,  and  are  put  in  by 
means  of  iron  long  machinery  supported 
upon  two  wheels,  asis  the  ease  with  glaaa- 
boDte  pots.  (,  is  the  grate  i  /,  the  door  tar 
the  fuel;  g,  the  ash-pit.  The  pots  4,  A,  1, 
have  a  hole  in  the  eentre  of  (heir  boltcia, 
which  ii  elated  with  a  wooden  ping,  when 
Ihey  ire  set  charged  wilh  calamine,  mixed 
with  one  seventh  of  coal ;  whieh  coal  pr*. 
venls  the  mixinre  fromralling  through  Iha 
orifice,  when  the  heat  risea  and  eonaomai 
the  plug.    The  sole  of  the  hearth  i,  i,npaa 

which  the  emeibles  stand,  ii  perforated 

•nder  each  of  them,  so  that  ihey  can  be  reached  from  below;  lo  the  bottom  orifice  of  tha 

Cil,  when  the  distillalion  begina,  a  long  sheet-iron  pipe  k,  is  joined,  which  dips  ai  iia  end 
U>  a  water  venel  {,  for  receiving  in  drops  the  coiidented  vapors  of  the  aloe.    The  pot 
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it  charged  from  above,  through  an  orifice  in  the  lid  of  the  pot,  which  is  left  open  afta 
Ihe  firing,  till  the  bluish  color  of  the  flame  »hows  the  volatilization  of  the  metil; 
immediately  whereupon  the  hole  is  covered  with  a  fire-tile  in.  The  iron  tubes  aic 
apt  to  get  obstructed  during  the  disiillation,  and  must  therefore  be  occasionally  cktred 
oot  with  a  redbot  rod.  When  the  distillation  is  finished,  the  iron  pipes  most  be 
lemuvetl ;  the  coaly  and  other  contents  of  the  pot  cleared  away.  A  pot  lasts  about  fon 
months  upon  an  average.  Five  distillations  may  be  made  in  the  coarse  of  14  days,  is 
which  from  6  to  10  tons  of  calamine  may  be  worked  up,  and  from  22  to  24  tons  of  eoah 
consumed,  with  a  product  of  two  tons  of  zinc.  The  metal  amounts  to  from  25  to  40  pa 
cent,  of  the  ore. 

I,  2,  is  the  level  of  the  upper  floor ;  3,  4,  level  of  the  lower  ceiling  of  the  lower  floor. 

Fig,  1232,  ground  plan  on  the  level  of  I,  2;  only  one  half  is  here  shown. 

The  zinc  collected  in  this  operation  is  in  the  form  of  drops,  and  a  very  fine  powder, 

mingled  with  some  oxyde.    It  must  be  melted  in  an  iron  pot  or  boiler,  set  in  a  proper 

furnace ;  and  the  oxyde  is  skimmed  ofl*  the  surface,  to  be  returned  into  the  cmdhlek 

The  metal  is,  lastly,  ca<>t  into  square  bars  or  ingots. 

The  cracililes  are  diseharged  at  the  end  of  each  operation,  by  withdrawing  the  coadea- 
ser,  breaking  with  a  rake  the  piece  of  charcoal  which  shuts  their  bottom,  and  then  empty- 
iag  them  completely,  by  shaking  their  upper  part.  In  replacing  the  condenser-pipe  h 
(sec  second  i>ot  from  the  right  hand,  fig.  1230),  the  flange  at  its  top  is  covered  with  a 
ring  of  loam-lute,  pressed  against  the  conical  bottom  of  the  crucible,  and  secured  iaiU 
place  by  means  of  two  parallel  rods  o,  o,  which  can  be  clamped  by  screws  projecting  hoii- 
lOBtally  from  the  vertical  tunnel.  See  their  places,  indicated  by  two  open  dots  nearly s. 
A  smelter  and  two  laborers  are  employed  in  conducting  a  furnace ;  who  make,  vkh 
a  mixture  of  equal  parts  of  fire-clay,  and  cement  of  oki  pounds  finely  ground,  the  polssr 
crucibles,  which  last  about  four  months.  Five  charges  are  made  in  16  days ;  these  mA 
up  from  6  to  10  tons  of  calamine,  consume  from  22  to  24  tons  of  coals,  and  prodoce  2 
of  zinc,  upon  an  average.    The  following  estimate  of  prices  was  made  a  few  years  ago: 

3  tons  of  calamine,  at  £6  j£J8    0    0 

24  ditto  coal,  at5« 600 

A  smelter,  at  2  guineas  a  week  -•-...  220 
Two  laborers,  each  at  4«.  per  day  -  -  .  -  .  2160 
Incidental  expenses     ........         100 


£29  18    0 

The  calamine  of  Alston  moor,  used  at  Sheffield,  is  not  so  rich ;  it  produces  at  most  oaly 
25  per  cent,  of  zinc.  The  coals  are  laid  down  at  a  cost  of  5«.  8d.  per  ton  ;  and  the  cala- 
mine laid  down  there  5/. ;  whence  the  zinc  will  amount  to  32/.  14«.  per  ton.  The  con- 
siderable importations  of  zinc  from  Belgium  and  Germany,  for  some  years  back,  hate 
caiised  a  considerable  fall  in  its  price. 

At  Liittich,  where  the  calamine  of  Altenberg,  near  Aix-)a-ChapeIIe,  is  smelted,  a 
reduction  furnace,  containing  long  horizontal  earthen  tubes,  is  employed.  The  roasted 
calamine  is  finely  ground,  and  mixed  with  from  one  third  to  two  thirds  its  volume  of  coke 
or  charcoal,  broken  to  pieces  the  size  of  nuts. 

Figf  1233  represents  this  zinc  furnace  in  elevation ;  and  fig,  1234  in  a  vertictl 
section  through  the  middle.      From  the  hearth  to  the  bottom  of  the  chimney  it  is 

9  feet  high,  and  the  chimney  itself  ii 
18  or  20  feet  high,  a,  is  the  ash-pit; 
bf  the  grate;  c,  the  fireplace;  d,  the 
hearth;  e,  e,  the  laboratory;  /,  the 
upper  arch,  which  closes  in  the  labor- 
ator}';  /',  the  second  arch,  whid 
forms  the  hood-cap  of  the  furnace ;  g, 
the  chimney;  A,  the  fire-wall,  whidi 
rests  against  a  supporting  wall  of  tbe 
smelting-house.  Through  the  vanlted 
hearth  the  fiame  of  the  fire  draws 
through  ten  fines  t,  i,  two  placed  in 
one  line;  betwixt  these  five  pairs  of 
draught-openings,  upon  the  sole  of  ibe 
hearth,  the  undermost  earthen  tubes  k^ 
immediately  rest.  The  second  and 
third  rows  of  tubes  fc,  /r,  lie  ia  a 
parallel  direction  over  each  other,  at 
about  one  inch  apart;  in  the  t^ 
row  there  are  only  two  tubes ;  so  thst 
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fhae  arc  22  tubes  altogether  in  one  furnace.     At  their  two  ends  these  tabes  icri 
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vpon  Gre4il««,  whicfa  form,  with  the  ude-iralls,  ■  kiod  of  checker-worif  I,  U  The  tobe* 
are  4  Teel  long,  4  to  5  inchci  in  diBmeler  within,  five  Taurtha  oran  inch  (hick.  The  fiiC, 
whieh  aniva  u  the  laborUory  through  the  fluel  >,  i,  plafi  roand  the  lubes,  ■[id  puiel 
off  IhiDDgb'Ihe  apenuiet  m,  m,  in  both  archei  of  the  furnace,  inlo  the  ehimnej.  a,  ii 
an  openio;  in  the  front  wall  between  Ihe  two  aichei,  wtiieh  lerve*  U  modify  the  draught, 
br  ■dmitling  moie  oi  leu  of  the  external  air. 

The  two  ileader  aide  walls  o,  o,  of  the  furtiace,  are  a  foot  diattot  from  the  checker- 
work,  ao  that  on  the  horizoalal  iron  bari  q,  q,  lupporled  bj  the  hooka  p,  i>,  Ihe  iron 
receivers  r,  r,  may  have  room  to  rest  al  Iheir  fare  part.  Theie  reeeiven  are  conical 
pipes  of  cast  iron,  1^  foot  loag,  posteriorly  li  inch,  and  anteriorly  1  inch  wide  at  Uw 
ntooat.  After  the  earthen  tubes  have  been  filled  with  the  ore  to  be  smelted,  Iheee 
coaieal  pipe*  are  laied  to  Ihein  in  a  sligblly  slanting  position.  These  cone*  last  no 
more  than  three  weehsi  and  are  generally  lengthened  with  narrow-mouthed  wionght- 
iroa  tubes,  to  prevent  Ihe  combustion  of  the  ainc,  by  contact  of  air.  When  the  furnace 
i*  in  activity,  a  blue  fiame  ia  to  be  seen  at  the  maulhs  of  all  these  pipes.  Every  two 
boure  the  liquefied  metal  is  raked  out  into  a 
shove]  placed  beneath ;  and  in  12  honn  the  cbofge 
is  distilled  ;  atler  which  the  tubes  are  cleared  out, 
and  re-charECd,  100  pounds  of  metallic  line  are 
the  product  of  one  operation.  It  is  remelled  at  ■ 
loss  of  ten  per  cent.,  and  cast  inlo  moulds  for  sale. 
Fig.  \235  is  a  lonftiludinal  section  of  the  fajr- 
naee  for  calcining  cahunine  in  Upper  Sileua; 
fig.  1 236  is  a  ground  plan  of  the  furnace,  o,  is  the 
orifice  in  the  vaull  or  dome,  for  Ihe  inlroduction 
of  Ihe  ore;  b,  b,  apertures  in  the  side-walls,  shnt 
with  doors,  through  whieh  the  mailer  may  be 
turned  overj  c,  the  chimney^  d,  the  firc-bridgoi 
r,  Ihe  crale;  /,  Ihe  feed  opening  of  Ihe  fire,  the 
fuel  being  pitcoal.  The  calamiQC  is  stirred  abost 
every  hour;  and  after  being  well  calcined  duriBK 
5  or  6  boars,  it  is  withdrawn)  and  a  new  charfe 
is  put  in.  These  Sleiian  furnace*  admit  of  30 
cwls-ataliQie,  and  fur  roasi mi;  every  100  cwts.  15  Prussian  bushelsof  fuel,  equal  loM 
English  bushe^,  are  employed.  These  calcining  furnaces  are  sometimes  built  along. 
side  of  the  zinc  smelting-fu maces,  anil  are  heated  if 
Ihe  waste  flanie  of  Ihelaller.  The  roasting  is  per- 
furmed  in  the  Netherlands  in  shaAs,  like  small  blart 
iron  furnaces,  called  schachtofen. 

The  henrlh  a,  in  fits.  I23T,  1238,  is  eonslmcled  fot 
working  with  5  muffles,  one  of  which  is  long,  and  four 
shurt  The  muSes  are  made  upon  moulds,  of  fire- 
clay mixed  with  ground  potsherds.  The  rceeivera 
are  stoneware  bottles.  The  grate  is  ten  inehes  be- 
neath the  level  of  llie  hearth,  b,  the  firebridge,  ii 
proportion  ally  high  to  diminish  the  force  oflbe  fiame 
upon  Ihe  hearth,  that  it  may  not  Strike  the  mufflei. 
F,  is  l)ie  opening  through  which  the  muffles  are  pot 
in  and  taken  out;  during  Ihe  firing  it  is  partly  filled 
with  bricks,  to  that  Ihe  smoke  and  flame  may  escape 
n  them  ;  4,  d,  are  openings  for  adjusting  the 
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slrenElhen  the  brick  arch  i  /,  is  a  bed  of  sand  under 
the  srile  of  Ihe  hearth.  During  ihe  first  two  days,  the 
lire  is  applied  under  the  grating  i  Ihe  heat  must  be 
very  slowly  raised  to  redneiis,  at  which  pitch  it  must 
be  maintained  during  Iwo  days.  From  8  to  10  daya 
are  required  for  the  firing  of  the  muffles. 

Tbc  furnace  shown  in  Jig:  1339,  1240,  1241,  is  for 
the  metiing  of  the  metallie  cine.  Fig.  1240  is  a 
from  view  j  fig.  1239  a  transvene  section  ;  fig.  124t 
a  view  from  above  i  a,  is  the  fire-door ;  b,  the  grale ; 
t,  the  fire-bridge  I  d,  Ihe  Sue;  t,  Ihe  chimnej  [ 
/,/,/,  cast-iron  melting-pots,  which  contain  each  about  lOewls.  of  the  metal.  The  heat 
b  moderaied  by  (he  successive  addition  of  pieces  of  cold  zinc.  The  inside  of  Ihe  pott 
■hDBU  he  coaled  with  loam,  to  prevent  the  iron  being  attacked  by  the  linc.    Wben  Ibe 


ilM  U  intended  to  be  aBinnted,  it  ibimU  be  melted  with  the  lowett  poeiiUe  heat,  tM 


Under  Baui  and  Coffib,  the  moat  niefal  iBajt 
oT  zinc  are  deicnbed.  The  tiUpbmte,  Tulgarff  eaikd 
while  vitriol,  U  made  fron  the  (nlpharet,  bj  raail' 
ing  it  gentir,  and  then  eipotiog  it  upon  iloiiiBg 
lerraces  to  the  action  of  air  and  moisloit,  ti  kit 
been  fnllf  detailrd  nnder  Bdltiutz  or  Ibof.  na 
pnmt  inlpbale  of  line  ii  made  by  diaaolTiag  the 
metal  in  ditnle  inlpbarie  acid,  digealing  the  ntatigB 
DTer  tome  of  the  metal,  Glteiing,  eraponting,  aad 

SuJphale  of  line  i*  added  aj  a  drier  to  japan  nt- 

The  oriinarr  iJae  foDiMl  in  the  tnaikct  ia  aera 
pore  1  but  eonlaiu  lead,  cadmium,  anenie,  eopptt, 
inn,  and  eaibon;  fiom  lome  of  vhich,  it  may  bt 
_         .  ,        ;  even  after  Ihii  proceu  it  relaini  a  little  led, 

with  all  the  anenie  and  eadminm.  The  leparalion  of  the  Uller  it  described  under  Cu- 
annf.  Zinc,  free  fntm  other  metals,  may  be  oblained  by  diiliUing  a  miilDie  of  ehaietal 
•ad  iti  iDbearbonalp,  precipitated  from  [he  cryilalltied  aalphale  by  earbonate  of  fodi. 
Bf  holding  a  porcelain  taneer  otct  the  dame  of  hydrogen  produced  from  llic  action  of  dihtt 
nlphniic  acid  np«n  any  Minple  of  lb«  line  of  commerce,  the  pretence  of  anenie  ia  i 
■ay  be  made  DMnifett  by  the  depnaite  of  a  ;rmy  filmortbelaiieimetaL  Antimony,  hov- 
•nr,  prodneea  a  lomewbat  similar  elTccl  to  iitenic. 

Ziae  i*  eilenaively  employed  for  making  wiler-ciilernt,  balht,  tpoDti,  pipei,  pliKi 
Ibr  the  (iueofrapher,  for  Tcjlaie  baileriea,  GliDfri  for  fire-vorkt,  coTcring  rooft,  aad  a 
peat  many  architectural  purpoie*,  eiptciiUy  in  Berlin ;  becaate  thii  metal,  aflcr  it  gea 
gsTered  with  a  thin  film  of  oiyde  or  carbonate,  lufTeri  no  further  change  by  long  aft- 
wan  to  the  weather.  One  capital  objection  to  line  at  a  roofing  material,  ii  it«  cunbotli- 
lilily. 

Chloride  of  line  has  been  retently  oted  with  great  idrantage  at  an  eseharotic  fw 
remoting  canceroat  tumon,  and  healing  various  ill-con tlitu lion nl  niceia.  It,  at  aln  tbt 
■itrale,  forms  an  ingredient  in  the  resist  pailea  for  the  pale  bluet  of  the  indigo  TaL 

Spelter  (line)  imported  forhome  consumption— in  lg3!>,C2,604cwt«.|  in  1636,47,401 
cwta.    Duly — in  cakes,  Si.  j  not  in  cakes,  10>.  per  cw(. 


